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Abstract 

Soft.waJ'(' 1'(,lIs(' is ('oIU'('nINI wit.h capl.llrin)2, softwaJ'(~ C0111pOl1(-'111.8 in SOIlH-' f01'1ll and 

1.11('1) applying t1)(,111 1.0 t!J(' construdioll of a.not.hf'f applicat.ion. TIl<' nltimat.p )2,oals of 
soft.wan· 1'('IISt' cu'!,; t.o improve t.!w qllality of ::;oftwéll"e prodllcpd; l't'duc<.> tht> rosts of 

soft.wétn· dl'wloPIIH'lIt.', allt! inCl'eéLs(, Hw prodllctivity of software (h~Vf'loper8. How(-'vPl", 

t.ltl' pn's('IIt. sit.uat.ioll, alld I.IH-' COllCt'1'I1 amollgst reseal'clH'l's, is that softwan' r<>us(-' is 

ilOt. livillp; np t.o it.s original (>x\)('cLatiolls [FBPD+911. 

Alt.hollp;h t.IwJ'(,It,\'vC> not Iwell very many srit--'ntific studit·s that. valitlat.e tlw daim, 
it. is 1I01I<'t.ll(·l('ss a st.rougly held Iw1i(>f among rest:'arcllPI's and devc>lopt-,l's that ohj(-'ct­

orÏ<·IIt.('d soft.wa.n· ofr('rs gn'éü pot.ellt.ial in 1.<>1'1118 of software n~llS(' [l\tkyKK1. Much as 
ob.i(·ct.-ori(·nt.!'d IHo)2,réLmming allows for th(, cn'atioll of mor(-' l'ellsahle compolwnts, il. 

is tll!' l'l'ilS!' of t.1l<' dl'sip;n of an applica.tion that is 1110SI. pl'Olllising fol' attailling the 

goals of n'lIsa.llility. Fol' t.his t'('aSOll, our wOl'k COl1centl'ates 011 application framework.'i, 
ail illlport.allt. ohj('ct-ol'i('nt,(-'d t.echnique to fa.cilitate desigll-lc>v(-'I1'(~lIs(~. 

W(· haw SpPIlt. Lill' last, y(-,éLI' dpv!'loping a fa.irly largt--' ohject-orÎellted application 

("",11(·<1 Mal'mlc(', m:illg ail application franwwork called ET++ [WOMRn]. Thl'Ollf:!,h­
out. t.ltis p,qWI', W(' will l'(,fe)" to our pxperÎ<'llCf>, a.nd in-t'x\wripllCe, in workin)2, with 

applica.tioll frameworks. In péLl"ticlllar, W(:' will illtrodllcP tilt-' difft:'I"t-'llt Ipvp]s of l'(-'l1St-' 

\'V(' ImV<' hh·nt.ifkd Wht-'ll devt-'Ioping from applicat.ion framf'works. Wp addl"ess tIlt-' 
1II'('S(·lIt. lark of ad~'qllat(-' design l't:'pn'selltations by int.roducing a llew t(-'chni(flIP for 
1.]1<' 1'(·\II'(·s(·lItat.ioll of absl.ract dpsigns. Also, a Il{'W approafh to docull1eutillg appIica­
t.ioll fl'alllpworks is p\'("s('nt,('d, complelllf'utillg the proposed ('ppresentation of ahstract 
d('sip;llS. 

'vYt' st.rolll~]y lw!i('v(' t.lrat. application frameworks havp tlrp pot.pllt,ial of drastically 

illlprovinp; l.hl' ctll'1'(,I11. ('t'lise nbis. We sillt'Nely hope that our wOl"k will Iwronw CL 
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fir~t st<-'j) in soh·in~ tlw l'IltTt'l!I. lack of l\Ilo",h'dp,t' ill Iw\\' (0 II~I' êllld n'lISt' applil'dlillll 
franH'works <-'Irl'cti\"t'Iy . 
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Abstrait 

La l'{·ut.i lisatioll dl' logiri!'1s se pellclw sur la saisi d'éléments df' logiciels sous Ill)(-, 

fol'llH' q Ilt'kollq 1 J(' pour ('l1SU i I,c> Ic>s appliqlwr h la construction de logicic>\s servants h 
III1C' rLlltrC' applica.tioJl. L(>s buts ultinws cIe la réutilisation d(> logici(>ls sont: d'allH~liorc>l' 

la qllalit.c~ dll logicÎl>1 produit.; d(' J'(~cll1il'e 1(>1' ('oüts d(' dpv(>loppment df' logiciels; f't, 
d'a,lIp,IlH·II1.I'I' la prodlldivit,é clf's développt'urs df' logiciels. Toutefois, la. situation 
PIÙH'lIk qlli prèocl'Il\w les dWl'ch(>UI's, est quP. la l'putilisation des logici(>ls 11f' pl'Odnit 
pas I(>s r(~slllt,a.t.s (>s('omptés [FBP[)+91J. 

Qlloiqll'il 11 'y a. pas ('11 beaucoup d'étlldl's seÏentifiques qui ont pn valid(>!' ('(>tt(> 
ilSSC'I'I,ioll, il n'en d('l11p1lI'(' pas moins que lc's clwrclwurs (>t les développf'urs C'l'Oi(>llt 
(pIC' 1(' lop;iripl orient(~ ohjet, orrl'(> bpallcoup dl' potenti(>1 en tc>rI1WS <If' la rpntilisatioll 
dc' logicÎC'ls [M(>yHH], Mt'm(> si la programmation orip11tè objf't. p(>rm(>t la création 
d'c'·lrnwllts lH'aucoup pllls r~ntili8ithl('s, c'est cettp rt-utilisation du d(>sign d'mw appli­

rat.ion qui C!t-nwlll'e la plus pronwtteusl' da.1ls la course d'obt(>lltion d(> la réutilisation. 
Ainsi, cet. ollvrage porte' S1ll' les Iibmil'ies it unp racine, U11e technique oripnté objet 
illlpOI't.aJlt,C·, lIt,iliséC' afin de faciliter la réutilisation au niveau du dpsigll. 

Nom; a.vons pasH~ la. (iernipl'(> alll](::e à décplopper une applicéttion ul'ic>utp objc>t 
appC'lè Muc'/'olcc, ('Il utilisant une librairie hune rarine, appc>léc> ET ++ [WGMH9]. 
NOliS allolls donc, LuUt. a1l long dp ('(>1. ouvrap,c>, référer à notr(> (~xpérit'IIC(, avc~c )P8 

Iihrail'i('s ~l 1I1le racine, (·t pal' slIl'rt'oit, à llotre ignorance. Nom; soulignons l'ahsence 
dl' dt'signs J'('pn~:wntatifs t'II introdllisallt uue nouvelle technique pour la rt'prpsC>lltaLÎon 
clc' dc·si/.!,lIH ahst.raits. Aussi, nous prpsentolls unp llouvc>lle approch(> pour l'application 
dc' lihmil'ic's h UIl(' racim'. C(~Il(>-d s'ajoutera h la reprpselltation de designs abstraits 
pl'OpOSf'<', 

Nous ('t'oyons ft'l'lllel11ent que la Iibrairip iL unt' racine a Il' poteutic>l d'améliol'er 
d'III\(' fa~oll draconi('Il11t' la cris(> de> la l'putilisation. Nous souhaitons que> ce travail 
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devielllle' ll11P }ln'Ill i('J'(' ét.a pt' dall S ]p PW('t'SSIIS tlt' solll t ion cl 1\ CClllllllt'lI t dt' l' 1\ t il is.1I i 1111 

pt dt> la r~lltiliRatioll <'fficit'llI.t' dt' Iihrairies ;. tlllt' raCille'. 
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Chapter 1 

Introduction 

1.1 Frameworks and the Case for Reuse 

Lpt.'s fan" it., W(~, l'ioftware engineers, havf' bf'f'n asked to implement, manage, and 
('olllprdIPIHl highly complex systf'IllS with Ilnrealistic., in faet ridiculolls, f'xpf'ctatiOl1H . 
IH Ul(' past, W(' did Ilot l'f'alizf' how outlandish the development of such systems rf'ally 
was, !tOWf'v(,1' t.\1f' adv('nt of software l'eusf' has o})t>ned the eyes of many. Wf' havt> 
IIOW l't'alizl''d, t.hat tlll'ough l't'use, it is in fad possihle to sucœssfully build those 
cOlllpl('x syst.t"IllS, and t.o build them faster and 1lf't.tf'r than f'Vf'r bt>fort>. Brooks has 
st.a.t.(>d t.JHit soft.wal't' \,(-mse is an area whert> the gl'eatf'st productivity results cau hp. 
(l,chitwc'd lwcéLuse l'(''use addl'esSeH tl1f' "('sseucf''', as opposed to the "acddt>nts" of the 
d('wlopnwnt pl'obIel11 [BI'087]. It is howevel' a mistakt" t.o aSSUl1lt> that l'eusf' dot>s 
Ilot post-' Il('W challf'nges. Accol'dillg to FI'f'emall, the state-of-the-pl'actice of l'f'use is 
('Illhal'l'assi ug [F\'('~7]. Tht" present situation, and eoncern amongst tIlt> l't>st>éLrdlt>rs, is 
that. soft,wat'(~ 1'('lIse is not. living up to itH original p.xpedations. 

Illlplplllt'lIt.ors of eomplex systems al't' gellel'ally l'eludant to engage in rt>ust" and 
\·('dpsigu'. This has nminly lwen attributpd to an aversion to "Ilot invputt"d by 11lt> 
('od('" and a lack of t.echnical support for tilt" relise of design. It is vt>ry difficult to 
l't'eollstmd tht' design prindplPs that undel'lie a given module by l'eading the ('odf' 
roI' it.. 111 rad, t.h(" ('omprehellSiol1 of unfamilial' code is, in Illy expel'ience, une of the 

l 'l'he' mail agerial, cult.ural1Lud orgallization1L1 issues involved in software rellst' [PD9l bl art' bt'yond 
t.he' Sl'Ope' of t.his work. Wt' do, howevt'r, l'onsider them t'qllally important. 

1 
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most und!:'restimated tasks in softwarl' l'np,ilH'l'rinp,. Ml'.Wr [i\It'.\'Si] and Illéllly lIt.hl'I'S 
daim that object-orit:'llt<.'d Iksi~1l is tIlt' 1110st promisillp; t.l'chlliq1ll' fol' "t.t.tlillill~ t Ill' 
goals of f!:'usability. In partirular, ohjed-oril'nt.t-'d franw\Vol'ks haw t.hl' pul.t'lIt.iéll \.0 

significantly facilitat.t> desip,n-It-'vel l'l'IlSt' [WB.JnO, 1\1'1192]. Ilow('Vt'I', litt.ll· is kllowll 

how to ilS!:' and l't'WH> theI11 t'ffl'ctiVl'ly. 

1.2 Research Problems and Solution Approach 

Wirfs-Brock and .Johnson [WB.J90] idt'Iltify I,hrl'(' métill1't'sl'étl'ch at'('as l'l'Ial,('d I,u fl'illlw­
works. 'The first is dl"signing franwworks: what m(' t.1H' cha.rad('riHl.ics of fi Aout! 

framework and how is OlW desigul"d'l 'TIJ(~ s('('Olld is Ilsil1!!, frallH'wol'ks: how t!OI'S lIlIl' 
fonfigure a particlllar applkation has(>d on CL franwwork'! '1'1)(' t.hil'll is d('slTihill/.!, 
franwworks: what notatioll is lwedl'd, otlWI' t.ha)] t.h",!. a.pplirahl(· 1,0 ohj(·d-ol'il·III.(·" 
dt'sign in gt'Iwral'? 

Althollgh tht' first isslle IlWntiOIH'd is highly inl,('I'l'Hl.illg, il. is I)('yollc! oltl' 1>I'('S('II1. 

kuowledge in tht' domain. We tlwrt'fo)'(-' !t'aV<' il, 1.0 t.h(' ('xIH'r!.s, Î.l'. t.hOH(, f('w who haVI' 
experiencf'd, over many y t'ars, the dl>Vl'loplllent. of ohj(,ct,-ol'Î(·IIt.(·" frallWW()l'kH, III t.h is 
work, we shaH providf' our insights and ('xp('I'ipI1Cl' in tht-' Ia.H!. t.wo iHHll('s 11I('IIt.iolll'c1, 
ln particular, wp will address the I>I'l>Sl'llI. lack of ad('qllat." l'I'I)I'('H('II t.a.t.iOIlH t.o f",ri 1 i 1.a.t.I· 
the reuse of design. In rad, we go OIW st(,!> f1ll'1,Ill'r and HUp,!-!;(·H!. t.hat. t.h"I'(' arl' s(·wra.1 
levf'ls of fl'amp.wol'k l'(msp. d(~pendillg un tlll' Il'v("1 of softWtll'(' ahst.l'<l.ct.ioll, 'l'Ill' hip,IU'1' 
tht' If'vel of abstraction, the gl'eatf'I' is t1ll' pol,pl1tial fol' 1'l'1ISI', A h;o, I)('c<llts(' or t.1I(· 
sht'er size (a large collection of c1ass(~s) and ('omph'xÎty of franwworks, Wl' w i" aU('1II pt. 
to dt'scribt' them in Ct 1l11lch more ])mctical malllll'l', OIW l'1J('ollragillp, tll('il' l'('IIH(', 

1.3 Contributions 

The major ('ontrihlltions of this resl'arch aw: 

• the introduction and dl'sc.ription of difr(~!'('llI, l'PIIS(' )('wls al, diff('I'('lIt 1('v"IH of 

abstraction; 
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• t.l)(' id('lIt.ifiC"atioll of frallwwork mirro-archit(>ctllJ'f'S as r{-'usabl(' df'sign rOlllpu-
11('11 t.s; 

• iL IWW t,('c1l11iqu(' for t.1H' ('(-'prp::;('11I,ation of ahstrrtl't design::;; 

• a IU'W approach 1,0 docIIlJ1plIt,ing franwworks which compliments tlw propospd 
n'pn'sPllI.at.ion of ahstl'act. designs alHl thus pl'Olllote::; franwwol'k use; 

• 'l'II(' véLlidat.ioll of t,!ws(J COll('(-'pts with 1,1)(3 fh>velopnwnt of the M,LCl'ot(-'(' Toolset 
[KLO+9:Ja, 1( LO+9:Jh]. 

TIJ(' 1Iltilllat.P goal of this J'(>st'al'ch is 1,0 incit,p franwwol'k designers to adopt our 
1'('lIS(' philosophy éLnd d('scriptjon techniq1le::; thus providing application deVl-'lop(-'J's 
wit.1l CL 11101'1' cOlllpl'elH-'IISihlp and thus rf'llsable fl'anwwork, ln t.1ll'll, application dpvpl-
0IWI'S, a.lso adopting ()1ll' ::;ugg('::;tions, will produce highly flexible, thlls pasily maill­
t.ailla!>"· and l'('usable systems. 

1.4 Outline 

'l'his work il' ol'gallizpd as follow::;: Chapt!'r 2 begins with a diHClls::;ion abOlit the 
ohjP('t,-ori('ut('d paradigm and its slIpport for l'l'use. The Hamp chapter tlwn intro­
dl}('('s ohj('ct-ori('ntpd fl'étllH'works as weil as the different 1'<>\1::;(-' hwels wp haVI-' iden­
t.ifkd. Chapt('r a d('Hcrilws thp Mac'1'Otrc tooh;pt, a system WP havp dpvplop(>d 1\sing 

t.1t(· ET ++ obj('ct-oriplü(,d fl'amework. The ET ++ frampwork itself is tlwn bripfly 
illt,I'odllc(,(!. (~ha.pkl' 4 tn·(tt.s design and its rplUi(' in fram('works. It lwgins with CL dis­

cussion uf why d(-'sigu has Jong beell (,ollsiden>tl a difficnlt task. Tbpn, the two low('st 
h'wls of l'('IIS(', n'I\Sp-ill-thp-s1l1a1J and l'PIlSP-ill-tllP-ll1edium, arp tlescribed with a COll­

c('lItratioll 011 th:' Jattpl', spt'cifically the l'ellse of miero-architecturps, In chaptt>1' .5 we 
hri('lIy int.l'Odl!C(' tJH' highest Jpw] of rfHlse, i.t'. tlH' n' \1 SI' of "black box" applications. 

Chapt.t'r () idPlltifies important fl'anH'work lt>arnability issues WP deemed important for 
SllCc('ssflll 1'('\lS('. 'Ne also pl'<>sPIll a kuown framework tlpscriptioll technique W(' have 
(,,l''pt.('d tu suppl('IlH'lll t1H' dt-'sign l'eusp t('chniqllPS of chaptpl' 4. Finally, chapt('r 7 
sIIIHlllélriz('s olll' work aud lists SOUlt' of tlw advalltages of using franwwurks we havI' 
('XIH'l'i('IH'('d ill Ut(, dt-'wlupnH'lIt of Macl'olcc. We thell mPlltioll possihle improvp­
IH(·nts/(·x!.('IlSiOIlS t.o OUI' )l1't'S('lItt-'d framewol'k description techniqups. We cOllcludp 
with a. fpw tinal r('marks. 
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Chapter 2 

Background 

This ehapter will revipw tlw ohjPct.-ori('lIt('d pamdip,m in !,('l'Il1S of l't'WH' pot,('Ilt.i;d, 

Thf' ohjf'd-orielltf'd tf'chniq1\e or franlt'wol'ks and t.Ilt'i r i Il h(I('t'II1. 1t,Vt'ls of l't'IIS(' wi Il lit 1 

discussed . 

2.1 Object-Oriented Programming and Reuse 

This s(~ction will df'scribp why t11(3 objpd-ol'i('IILl'd pamcli/!,m lms ),('('11 1.01l1.(ld as t.\1t' 
answ('r io tlw rpusf' C1'isis. Wp shall llt'gin hy d('scrihill/!, t.11t' dilr(IJ'('II(,('S lu·t.w(I('1I 
object-oriented and pl'ocpdural sollltiollS ill an at.t('mpt 1.0 IIl1d(ll'sl.alld why tIlt' Pl'II­

('edural pal'adigm has noi h('('11 as sllc('(~ssrlll with 1'('I'qU'ct, tu sort,wan' l'('IIS(', WI' will 
the11 sllmmarizf' and comnH~tlt on ail ('Illpil'ical st.wly or sorl.wa/'t ' 1'('IISt' 1H'l'l'ol'lII(ld al. 

Virginia Tech ILHKsn1]. 

2.1.1 The Object-Oriented Paradigm 

Ther!' arf' sev('ral i m pOl'tant charact.('l'ist,lCs i Il tilt' oh.i(·(,t-ol'i(~IIt,(,d pa.radi).!,1II w Il kil 
permit flexibility in dellning él.lld composillg 1'('IIHéLl,lp ('OIlII)()II(!lltH. Illd('('d, Ollj('d­
oriented lang1lages are t'Nluirpd to f>lIpl'0rt t,JJ(' r01l1' (,OI\('(·pI.H of data. allHt.l'adioll, 
informatio11 hiding, illhel'Îtanc(', alld l'olymol')hislll [ES!J:l]. Ali of' t.!JPS(! ('OW'(IP1.S 
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facilit.at.t' 1'('l1S(', yt't, al. diffpn'lJt leVf'ls and to vario1Js f'xtent. Inheritann·" and poly­
lJ1ol'phisllI an' 1,\)(' two (,OIl('(~ptS which set obj(>ct-oripntprllanguag('>s apart from otlwr 

IJÏp,It-I!'vl'l pro('(~dural programmillg languag<:'s. Languages likt" Modula-2 [Wir~.1] and 
Ada [BaI'H4] havI' t.l)(' ft'at.urf' of a 1l10dlll(· (Modula-2) and a pad<ag(' (Ada), allowillg 
t,)J('1ll to slIpport dat.a ahstraction and information hiding. In tf'r1l1S of l'P1\sahilit.y, 
this is dl'Iinit.ely a stt'p iu t1J(' right. dil'('ctiol1. Howpvpr, it is linlÎtf'd, lwcallsf' tilt' 
ahst.ract.ioIIS (tyP('S, l11o<l1lh's, packages) arf' not easily ext('nsihlf', and lWCél1lst' il. is 
difliCidt 1.0 cap1.llJ'(' COllllllun [('éttU]"("S hetW('pll modlllPH. 

Cousid('r fol' ('x<unplt' tilt-' following df'finitioJ] of a tyP(> Animal. Assume for the 
\Il0IlH'Ut. t.hat. 1,\1(' syst.t·m 1l11lst s1Ipport. t,ip,el's and hanse cats. Aiso aSSU!l1P a typf' 
Location. 

{1nd('I' snch ciI'Cnrllst.al)(~("s yon c011I<1 have t.\w following (in C++): 

enum species{Tiger,HouseCat}; 

class Animal { 
Location position; 
species kind; 

public: 

}j 

Location whereO { return positiollj } 
void moved(Location here) { position = herej } 
void feedO j 

TIlt' ('IIIlIllt'I'aü'd typt', specÎes, is 1\sed hy feedO to det(>l'minp whkh animal must. 
ht' f('ll. '1'1)(' fUllct,ioll f("'l'dO could Lw defined as: 

void Animal: :feed() 
{ 

switch(kind){ 
case Tiger: 

Il feed the big fellow steak 
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} 

break; 

case HouseCat: 
Il feed the cute little thing milk 

} 

Thf' typf' Animal as dt-'f11\(>d ahow is ilOt. IIt'xihlt, (,lIollgh. Il, l'('qllil'l's t.h(' l'\llldiOl\ 
ff'edO to know ail tht-' animal types. Tht' prohlt'lll is t.hat. w(' Céllllltlt. disl,ill)J,lIi:·;\, 
Iwtwf'f'n tllE' gf'neral propf'rties (ail animaIs ha.vl' a locat.ioll élllt! t.\\('y IllUVl') alld t.hosl' 
specifie to eaeh animal (ft-'f'dillg habit.s). 1\ddinp, IH'W allimals will I.ypkally l'I'I(lIill' 
sf'Vf'ral fllndions to 1)(' modified, risking !,lI\' illl,rodllct.iOIl or (,lTorS. 'l'hl' llllld\llt, is 
tl1f'refore sétid to 1)(> reprt-'sl'llt.atioll t!l')t'lll!t-nt. 

There are two additional f(>at.ml's uniqllP to !,llt' ohj('cl.-ori('II!.t'd pal'adiglll, whidl 
in combina.tion with t'llcapslllation and dat.a ahst.ract.ioll, pnlllÎt l,II(' a!,tlvl' 1I(·xihilit.y. 
Theyarf': illheritanct'; and, polymol'phisl11. 

Illheritance 

Inheritance permit::; a typt.> (in obj('c!.-orÎ('ntt'd tt'rnls: c1ass) !.U illllt'rit. tlp('nd,iolls ilS 

w(,ll a::; interna.I strlld1ll'f'::; (intt>l'Ilai data. m('mht'rs and JIlt'!.hods) 1'1'0111 é\.1\()t.!H'1' rlass, 
a super claSH. The tt"l'11l inlH'l'it in tilt' pl't'violls S('II1.('I)('(' ('(juld just. as w('11 haVI' 1)('('11 

rf'placf'd with "make ilSt-' of", A c1a::;s (has(' c1ass) illlwrÎts frolll it.s SUpPl' ('Iass alld 
1lf'1lC<> may make US(' of certain fllnctionality (llH'thods) and/O!' dat.a. (da.!. ... I1H'IIII)('1'8) 

df'fillf'd within that Supf'r cla.ss. A Sllpt~r c1ass may in 1,111'11 its('lr \)(' a. hast' class wit.h 
respf'd to anothel' (higher lt'v(,I) Sl1p(~r claSH. 1\ hast' rhLss illh('l'its fl'olll it.s pal'(·II!. 
dass, its pal'ellt's pal'l'nt dass and so 011. Pip,lll'(' 1 d('pids il. sa.lllpll' illill'I'it.all('(· 
hiel'al'chy for thf' dass animal. 

A dass may add to th(, op(~ratiol1s it illlH'l'its 01' l't·dl'/ill(' illl\(·l'it(·d 0p(·l'at.iofls. It. 
may not l'l'strict inlwritancl' hy dlOOHillp; ilOt. to inlH'rit. ('(·l'ta.ifl OIH'I'a.tiolls frolll it.s 
parents. A hast-' rlass is in fad éL ::;p('cializatioll of it.s l'anml. cla.ss. 1\11 1.111' i,dH'rit.(·d 
data and operations are fl'ee Î.('. I.IH'y ha.VI' aln·a.dy 1)('(,11 illlpl('III(·II!.(·d alld fU(' st.a.III(· 
relieving tl}(~ hase daHs df'sigm'I' l'rom rewritillg t.!H' i.II\('l'itt'd ()p(~rrtl.i()f1H. '1'1)(' d(':;iglH'1' 
is reqllired tu t'ode ollly UlOS(~ operatiollS wltich étJ'(' di/r(·wlIl. frolJl t.hal, of it.s IHI.I'('Jlts 
hence adopting a style of progl'a.mmillg; call(>d ln'o!Jmmmin,q-b!J-rl~fJ(,/,('1t('(. J\ f1oU)(,1' 
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o"violls III'JJ('fit is that modifications (s])('rializations) art> madf> III tht> hase class 
Il'éLVillg, 1.111' ol'i~inél.1 illlwrit,pd coel(· intact. 

IlIlu·ri l.allC<' is ont' uf UH' major f'xt(>l1siol1s to abst,ract data tyP(>s providpd hy 
t.lw obj(·(>t-ori(·nl.pd paJ'adi~m. In summary tlwn, ohjpct-ori(.>nled prop,ral11ll1inp, is 
pl'og,raJJlllliJl~ lIsing illlH'ritann', and data ahstraction is programming llsing llSPJ'­
,h·fÎl)('d t.YP('s [ES9~]. 

rigure 1: A sample inl}(-"ritanc(.> hierarchy . 

Polymorphism 

TIJ(' s('cond major ('xt(,IlSÎOII 1.0 ahstra(>t data types that cames with tlw object­

ori(·Ilt,(·d l'a.radig,m is polYlllorphism. PolYll1orphism is the notion that a proc{-"dll\'(' 
n\.11 1)(' illvok(>d for an ohj(·ct. withollt knuwing that ohjpct's exar.t type. PolymorphisllJ 
is sllpport.('d hy t.IH' lat(' hilldillg offuJ1ctioll calls. TIl{-" C++ I1wchallism that. provid('>s 
lat,(' hinding is nt.llt.'d a virt'ltal mrthod ("virtnal" is tlw Simula and C++ term for, 
llIay ))(' ("(·tlt,fjlJ('d lat,(' .. in a class d('riwd from this OIW) [StrHH]. Each instance of ct 

class t,ha.t. th'litH's or illlwrits virt,llal functiolls has a pointer ta a virtual fnnctioll ta­
hh', call(>d a utab/t'. \lVhl'l1 ct virtllal 111(3thod is invokpd for an ohject, the appropriate 
IlIt'1.hod is illvok('d hy retri('ving th(> addr<>ss of the fuuction from tlw vtablp [Lip9~1. 
l'olymorphiHIll al\ows Huft,wan" 1.0 Lw mort> gPlwral (applicablf' to more kiuds of data) 
and ('x(,('lIsiblt, (applicahlt, to aH y(·t nllslWcifif'd data). 

III ai Il () provid('H a Hi III pl('> delllollHtmtioll of how t ht' featurps of inheritallcP and 
polYlllorphislll may ll(' l\st'dj 
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class Ammal class HouseCat publIC AnImal 
{ { 

LocatIon posItIon; 

publIC: publlc: 

} 

Location where() void feed () 
{ return position; } { Ilfeed pussy cat 2% mllk} 

void moved(Locatlon here) } 
{ position = here; } 

vIrtual vOId feed(); 

main() 
{ 

Location place; 
HouseCat *KittyCat; 
KittyCat->moved(place); 

feeder(KIttyCat); 
} 

function feeder(Animal *kind) 
{ 

Ilwill calI moved() of class 
I/HouseCat WhlCh is however 
Ilgeneral, i.e., deflned 
Illn its superclass AnImal 

kind->feed(); Ilwill calI feed() of class HouseCat due 
Ilto polymorphlsm. 

} 

Scopp l'esolution alluws tlu' (l<'WIOP")(,llt or il. hi(,l'<trc'hy or ('Iass('s i" whiriJ il. dl'rivc'rI 
class can inlH'l'Ït a cOlllmun IIwthod rl'om its IHU'('lIt, in i.hi~ l'as(' 1I\('t.!lOriS whcre{) 
and movedO. A cOlllmon llH'ssap,(', ro\' (·xétll1ph·, "killd->f('(·dO", l'ail illvok(· dif['(·I'(·Il1. 
nwthods in éL class hipl'a\'chy, «!('P('lH\illp, 011 Ut(' typo or kind. This rpat.lll'(· is wlm1. wc' 
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Itav(' c!"snilwd a.l-. polYlllorphisl11. 

'l'II(' ('O!ICI'pts of pulYlllorphism aud inlH'ritance thlls s1Jpport fl<.>xihility and t'xien­
sil,ility. Tll('y an' inlwn'ut. in t.h(3 ohject.-ol'il'lI!.pd paradigm and are the kt'y concppts 
for IU'OIll 01. i IIg soft waJ'(' l'<'lIS(,. 

2.1.2 An Empirical Study of Software Reuse 

Now that WI' ap,n'(' lIPO!1 t!lI' uhjl'ct-oril.'nter! paradigm's amnity for J'('use, tIlt' !wxt 
logil'al sl.,,!> is f.u d('teJ'lllÎtH' t!w l'ff,,cf.s uf this paradigm 011 suftwél,re l'I'llse. 

A st.udy, l'I'cI'IIt.ly cOlllplet,pd al. Vù:qinia Treil [LHKS91], nwaslll't'd tlw relatiw 
il1lpact. of a. pr'()cl'dllral langllapp alld an uhjl'ct-oJ'il'l1tpd langllage on software J'('ww. 

The Experiment 

'l'Ill' l'XIH'J'ill\('llf. was cOIHllldt,d on a t.argl,t sysLl'111 whosl' implc'lllPntatiol1 involwd a 
varidy of progmmmiug t.echni(!,les. Thesl' t.echniqlH:~S weI'<' drawn from the "pmploy('(' 
lll1lnélgl'llH'nt." and "111IsilJ('ss managenwnt" domains and Îndlldet! data manap,ellwnt, 
nllllll'rical proc('ssing, and graphics. 

III t,J)(> C'xpPI'iIlWIÜ, f.wo Sl't,s uf l'I'lIsable C()(Ir, cumpunt'Ilts w('rt-> made availahll" 
to t.Il1' slIhj('('t,s implc'Ill('llting the targl"t syst('m. Olle set was implplJwllt(-'d in a. 

IU·()cI'rlma.1 has(·d lallgnag(', Pascal, and the otb(3r in an objerL-oripllted langllag(', 
(~++. Eqlliva.lI'IIC(, l)('tW(,(,1l tlw compOlH3llt sets was guaralltt->pd by ensuring that aIl 
l'mlr' III 1'1, t.JH' sanH' fnnclallH'llial fl1lletiunal and t'ITor-handling reqnin"mpnt~. 

lIall' of t.1\(' snhjert,s implpllwl1!.(·d the proj(~et in Pascal, tlw othpr ha.lf in C++. 
FIII't.IH'I'IlIOI'I" a port.ioll of t.Jw stl1d(~nts from (-'(teh lanp,nag<.' w('>r!:' Ilot allowt->d tu l'I'lISt' 
al. ail, \ViIilt' otll<'l's w('\'(' l'IlCOIlI'ap,('tI to tlo so. 

'l'lU' data. folll'dt'd timing tlw t'xperillwnt l1lP(tS\Ut->S the produrtivity of a Hllbjpct 
in illlpll'lllt'lIt,in).!; t.iI!' t.élrgt't systl'Ill. 

TIlt' main variabh's in t.he nwaS1ll't-> of prudllctivity wel'e: 
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No Rl'U~~ R"U\l' 

l'fIlel'dur.1l l'rn~,'dur.11 

No Rcu\c Rcu\c 

ObJccl-( )ncnlcd (lbJcct-( lfll'nlcd 

Runs - TIlt' Il1llllhl-'\' or l'lins madl' dllrillg Systl'ill d(,yploPIlH'Ilt. alld t.(·still)!,; 

RTE - The 11111l11wr of r11ll tinw ('!Tors discovI'r('d "milll-!. t.hl' sysl.l'lIl dl·vplojllll!·lI1. dlld 

tpsti ng; 

Time - Thl' tillH' (in milllll.!'s) 1.0 fix ail 1'1111 tinH' (·l'l'urs. 

TIH-' s(,colldal'y variahlps ill t,\J(' lIH'élS1ll'1' or prodllcLiviLy W('I'I': 

Edits - Tlw 1l111111H'1' or I·dits 1H'rroI'llH·d cllIring tll<' sYSt.('1I1 dl·V!'lop!l\l'IIL alld t.(·sLill)!,; 

Syn - Tite 11111111)('1' or syllt.a.x ('!Tors Illadl' dmin)!, syst.(·1ll dl·V!'lopll\(,IlL .111.1 L('sLill)!" 

Multipll" pruclllctivil.y variahl(·s W('I'(' IIs(·d t.o l'l'ovid(' fi ('olllpll'1.(· pidllJ'(' ,,1' t.It(· 
d(c>velopnwnt pro('('ss. ft was dl'ri(h'c1 t.hat. UH' RUIlS, RTE, alld Tillw variahl('s 
would Iw giVPll gJ'(-'ater ('mphétsis d1\(' tu t,!wil' Si)!,lIilil'illlc(' ill t.1\(' d('V!'lopIIII'IIL pl'l)('('SS, 

Experiment Results 

Tlw guai of tl)(-' eXlwl'inwnt. was t.o étllsw('r qll('st.iollS wit.h l'(·sl)(·('t. t.o t.h!' illlpad. or t.!\(' 
ohj(-'ct-oril~llt.('d pa.radi/-!.1lI v('rSIlS 1.11<' pr()('('d 11 l'al pal'adigllJ 01\ tilt' SII('( ('ssr,,1 l'<'IISf' or 
software compOlH'uts, W(, willnow addl'('ss Lwo or tlII'S(' (!1wst.iolls (t,lroS(' IlIlIsL 1'(·I(·valll. 

to t.lw topic IIlltkr disCIIssioll), S(·IHtI'élt.!'ly Sllllllll<ll'i~il\l-!. 1,\((' <'XIH'I illH'lIl.;d lilldillg:-. fi!'> 

wl"ll as giving (JI\I' OWIl opilliolls and illt('l'prdatiolls or t.1H' dat.a. 

Th(~ tabh->i'j whi('h follow haVI-' a p-val1l!' associat('d witll ('ac'lI pJ'()dtl<'t.ivit.y valiil"I,·, 
Th", p-valll(> is the J>l'Obahilit.y that. t,Jw r1iff(,\,(,Il(,(' ('ould ImV(' 1)('(·" ol,t.aill<'d l,y (lIillll (', 

rathl-'I' than l'(-'f!ecting a tl'lW di ff(>f'('11 C(' ill prorlul't.ivit.y, F()lIowill~ COllv('lItiollal ('1 jf.(·ria, 
a diff(>r('IH'(~ is d(,(,IlH'd stat.istically sip,llilicrtllt ir il.s p-va.ltl(· is I(·ss t.\WII O,O!i, 
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1) f)Of.'; thl' objl'f'l-or'il'utl'rl paradi,qm pr'omote hzghel' pl'Orl1lctivity th an the j}1'O('cdllral 

Tmmdi,f/Tn Y 

The' thinl ('011111111 in tahlp 1 lists thf' nwans oftlw prodlldivity variahlt's caknhüf'(1 
from ail sllhje'ds IIsing tlJ(' pruce~dllral lan~ua~e, incl1ldinp; suhjf'cts who l'Pllspd and 
t.hww t1mt did lIOt.. TIH' fOllrlh coll1llln shows similar Illf'ans fol' subjf'cts in thp ohjpct­
Ol'i('IIt.('( 1 nüe·gori('s. 

Run ... 

RTE 

TIME 

Edit .. 

Syn 

Sig.'l 

Yc .. 

·Ye'-

Yc" 

Nu 

Nu 

Mean" 

p-vnlue J',clCedural ()-() 

n.OO(,6 59.27 4750 

(l.CK)7M 65.()() 'i0.20 

o OI()4 354.41 261.70 

0.3469 271.55 263.65 

O.M675 IK3.67 202.40 

TabIt' 1: Language main effect 

TIl<' data ('vaillators at Vil'ginia Tf'ch conduded from the Tahle 1 data that the 
sllhj('ct,s llSillg t.hf' ohjf'd-oriellted paradigm experienct'd hight'l' productivity. Thf' 

va.hU's for the' tlll'f'(> main variables in thf' 0-0 column arf' indeed lowf'r, with p­
vahws wdl lwlow tll(' O.Ofl rl'quirf'd for significal1ce. The two sf'condary variahles had 
sllrprisingly similar fig1ll'(>s for the pl'ocf'dural and ohjed-orif'llted paradigms. 

'l'Il(' data t'valualol's attrih1ltf'd, duf' to tht' naturp of t'(lits and syntax errors, thf' 

lad< of sigllifkanc(' of lll(> secondary variahlf's to tilt' subjects' lack of pradic'f' using 

t.lu· ob.Ît'd-ot'Îent"d lét\lguage~. This Illay indf'f'd bf' a contributing factor, howevf'r, wp 
lu·lit've· that it is ouly OlW amollg métlly. 

Fir:;tly, tilt' v('ry Ilaturf' of objed-oriented programming suggests that it is not as 

intuitive' to US(-' "ff"ct.iwly and effidently as prot'f'dll1'al based langllagf'S [()BHS~6]. 
For illstauCt', in ordf'r 1.0 l'eUSI:', one must fin d, undc1'stand, modif.1J, and fompO.'ie 
1'('IlHilhl(' software partH [.JS~91. Rt'use in IHoce3 dnral-oriented lallguagf's l'f'quirf's lf'sS 

of an "ffort. TIlt' }>1'0('('dure caller supplies a set of aclual parameters to ('onforlll to the 
caJlt'(-' p\'Oto('ol. Thf'n, tllP callee (a servf'r) will pl'Ovide the client with a specific service 

l'Outilu·. HO\V('wr, in object-ol'iellted languagt's, each service request (message) will 
1)(' H('nl. tu an ohje>(·t which will ((l'termine thf' appropriate servicf' response (nwthod). 

Unlikc' pl'oCt'dlll'al languages in which a servÎcI:' t'equest is rt'spondf'd to by a spf'dfic 
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service routinp, in objpct-orit'TÜt,d langllagt-'::; tilt' sanlt' st'I'vicl' l't'qUI'Sf, (nlt'thod ndl) 

muId be re8po1lded to by difff'l'Pllt servie!' l'Out.illt's (clas:-ws), A ('(tllt't' in êI JlI'tH't'dlll'a1 

language depellds ouly on tilt' lOutillt~ IHtIlH-' wlH'lt'as êI callt't' in an oh,Ît'cf,-t1t'it'lIf,t'd 
language depeuds on both the objt'\'t (class typl') autl \,()I\t,int' (1llt'l.hod) lIal1\(', 

It thp,refore obviously takes mure uf li n elfort to I/IHII' l',o;IIIIUI ail llb,ÏC'rt.-lIrit ·Ilt.t·" 
romponent as eompared to a pl'U('t-'dllra.i Oll(~. This ('!fml. wOllld ill 01\1' Opillioll l't·llt·t,t 
itself in the 11llmlwr of t'dits and the Il1Imlwl' of syntax ('l'I'OI'S (1'01' I('ss (·XIIt·I·it·lIrt·" 
coders) as weIl. Even f'xperienc('t! c++ pl'O~raIllI1WI'S spt'IHl <11Iitt' a hit or t.llt'ir t.i Il \(' 
'Imdc1'standing, and to undel'stand a compOlwnt, ont' 1lIl1st, ('dit. Wt' Iwli('v(' t.h,," tilt' 
Humher of edits woult! therf'fore \)(" high, indt-'llt'Il<It'II1. of ohj('r!,-Ol'it'lIt,t'c\ ('xl)('ri('llI't', 
You may argue that experÏt'Ill't>t! pl'ognunnwrs would l'('ql\il't~ It·ss ('!fort. fol' Il lU'" 1'­

standing compollellts, We tpnd to agree, howt~Vl'r, this woul(! \)('olrst't, hy il An·at.t·" 
amount of effort devoted to effidt'nt class (,Ol11posit,i~)\\ and qllality ohjt·ct-ol'it·llt.(·d 
J>l'Ogramming, They w0111d t'XpPIH\ v,n'att>r effurt in cOllsidl'rinp; t.llt' pl'Opt'I' tlt'Vt·lol'­
I11t>Ut of con crete and ahstrad c1asst>s, iSSIIPS s1Ich as t.ht· idt'al nlllllllt'I' of IIlt't.hods l't'I' 
c1ass, gellerality of applicability wrslIs payoff and ot.JJ('I's J'(')a,!.t'd t.o l't'IIS(' HlIII At'IIt'I'a1 
object-oriellted pl'Ogramming, lu this t~xl)(-'rinwnt" li\(' ddails of t.1lt' ohjt·rt.-m'j(·lIt.t·d 
rode quality were apparently (mistakeuly) not. t.akt·l1 illt.o cOlIsi<!I·ratioll . 

2) Docs the objcct-07'irntcd paralli!17n pro11lotc highrr ]J1'Odlldivillllhal/, Ih,. 1"'(Jt'('dlL/'01 

paradigm when p1'Ogmmmel'S 'T'cuse? 

The l11eans in table 2 an' fol' both pl'Ogralllminp, pam<ligTlls alld fol' slIl,jt't't.s will) 
did l'e118<'. 

Run ... 

RTE 

TIME 

Edit!'. 

Syn. 

l'-vu lue 

y .... n.oooi 
YeN O.()()U"i 

Ye .. ().OI.53 

Nu O.X3KO 

Nu 0.97l.7 

MCUII'i 

r·.c".:cclurul 
Ali Reu"c 

SO.n7 

5"i.71 

_"'I.Xl, 

IX') 00 

1.'714 

() -() 

Ali R.,,,~c 

_'2.2' 
'4.':,\(, 

20X.Xl, 

2f1X.l.4 

1t>4 7. 

The results in tablt> 2, for tlw thl'e(3 main pl'Od1\divit.y variablt·s, slIggt·Ht. a IJosit.ivt' 
étllSWer to the question, Here, 1.00, we haw a favomhlt, J'{·slIlt. fol' t.hn ob.i(·d.-ori(~lIf,(·d 
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parad iJ!,III, Bill, I}('J'(~, 011('(' again, tl){' sPcOIHlary varÎahl(-'s did not difff'r i Il tlw propp)' 
dil'('dioll, ami t.\u'> l'x))(·)'inwllt.I'I'S faih'd to )'atiolmliz(-' this disCfepallcy, 

(11)' ftllalysis of t.!)(' data. in tahle 1 appli(~R 1)(>)'(' as weIl. It is important, howt-'w)', 
tiraI, w(' l'éLtiollaliz(' why Uw 11111111)(,1' of edit.s alld syntax (-'ITors difff'r t-'Vf'1l gJ'(-'att-'), ill 
thiH sit1la.tioll of ]>)'(J("('d1lral alld obj(,ct,-ori(-,l1f.ed ALL !"e1lSf', tahlt-' :J.. 

111 tahlt· ) t.!w llH-'fLnS rpf}(-'r!,ed suhjerts who J'(3us( .. d as wpll as thosf' which did 
1101 .. And tlH' J'('él.SOIlS J!,iwll for 1,1](' s(-'colldary val'iahl< .. s' low prodlldivity J't'sults W(-'I'(-' 

lIlainly dll(-, tu soft.war(· 1'<-,11S(' iss1les. Tlwl't-'forc', OIlP wOllld aSSUIllf' that analysis of 
dat.a. ))(,l'lailling to reuse ONLY, would J'('sult in an pven gl't-'atf'1' diff(3I'Pl]('(-' frolll 1,1](-' 
hypotlu'siz('d dil'Pctioll fol' hot.!1 Edits ami Syutax El'\'ol's, This is !>l'(-'cisely what W(' 

havI' ol,s('rv('cI fWIll t.1H' data of t.ahl(> ~. 

Final Commellts 

'l'1r(' Virgillia. '[(.c·h (~xp('rin1f'nt has ind('ed shown that thp objed-oripl1tpd paradigm 
bas ft pa.rticular affinity for rpuse. With regards to their (onclusions about J>l'Oductiv­
ity, wc' !Jav(.> a. 1110J'(' sk('ptiral view. They daim that, "thp objert-ol'if'lltf'd paradigm 
:mhstalll,ially iIll1HOVt'::; prodllctivity, althollgh il sigllificant part of tbe il1lprovem(~nt 
is d1l(' 1.0 t.ll<' df('ct of l'('IISI',''. Wl' claim tbat, "If productivity gains arp achÎt'ved with 
1.11<' ohjt·l't.-ori(·ntf'd paradigm, tIW8(' gains art.> dit'('ctly and maillly attrihutablf' to the 
l'ff('d of J'('U8(·,". 

Notir(' that o1ll' c1a.im hegillfl with tlH' COlHlition "If", ft is 0111' contention that 
)ll'oduct.ivity gains are aehievahl(-, with thp ohjt-'d-oripnt('d paradigm, howpvpr Ilot 
ill il.s (·ady stag(,H of adopt.ion, Prodllctivity gains arf' possible, Imt cf'l·tainIy not 
p,1IéI ra 111.('( '<1, onCl' a. spt. of matl\l'(' l't-'lIsabh" classf's haV<" Ilf'en eonstl'1Icted. A matul'f' 
c1ass hÎ<'rarc!Jy is 011(' which has hPt-'ll reuspd fairly ~xtf'lIsively and has C01H~IllTt'ntly 
gOllt' t.hroup;h s('v('ml n.factorillg and t,estillg cyrlt--'s. Tllt-'u, amI ollly tlll'n, wOllld 
pl'Od udi vi ty p,aills, d 11(' to 1'('118(', Il(-' llot.icpahl~. 

D1I1'Înp; t.1H' l'a r1y st.ag<'fol of \'(ms("-orit-'nted software devdopmellt, possible produc­
t.ivity gains cOllld \w imllwdiately rea.lizf'd in system maintenance adivitips. This 
gaill wOlll<1 lw l'('alizablt, if and only if the mailltainer was also the devdopel', Le., the 
('J'('Hl.or/I'('filH'1' of t,1H' application's classps. This \Vay, the effort required in fin ding 
allli 1I1/(1"1'slolltliH.q t.llt' afft'cted dass hit'I'archy w01l1d all'f'ady have been expended, ln 
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fart, as Basili points out [BasHO], fol' (,if t'di\'(' rf"llS(', il. is impl1rt.atlt. t.u CUlllhilll' tlu' 

(h-'Vt-'lopmellt and mailltplJanCt' 1l100kls. Basili ('VPll SlIP,[!;t'st.s I.h<ll dt'\'t'luPlllt'lIt shullid 
he rol1sillel'ed as a sllh~wt of maint('nHnct'. lipon l't'Ih'd,itltl. t.his wlIuld ht' t'sIH'riilll~ 

tl't1t' in tilt' objt"d-ol'i(-"lltt'd pal·adip;m. TIlt' fpal.1ll't'H w(' havt' dt'st'l'ilH'd as t'lI(,olll'ap,ill~ 

ft't1st-' in ohj(>ct-orit'Iltt"d Iangllagt's. ar(' also mwful dllrillp, milin!.t'II'\I\l'{'. l\lodlilarit~, 

makes it {,<tsi('>}' to 1llH!t>rst.and t.he pfrpd. of dlélllP,('S 10 a pl'Op;ralll. l'oIYIlIOl'phislll 

redllct"'s tilt-' IlUllllwr of pron'dlll't.>s, and t.hlls t.ht' Hi,l,(' tif t.1H' prup,r"lII \.hat. has t.u lit' 
mailltailwd hy tilt' maintaill('r/d('Vl'lopt'r. And last.ly, rIass inlll'rit.a.t1I·(' p('I'I11its il Il!'\\' 

vel'sion of a pl'ogram tu II(-' hllilt. without. alr('ctinp, I.llI' olt! 011(', h('III'(' II/'O.f/I'(/III1I1/1I.t1-

by-d~fJ(,1·(,7!(,('. ThllS, CL Sf't of sllhclass('s act.t1ally 1'<,I\('el.s t.l\(' hisl.ol y of rhallp,('S Ilwclt· 

to tht'" sllperclass. 

Future expt"rinwnts would 1)(> l'('(lllil't.>d in unit'!' tu cOllsid('r t.WO vI'ry impol't.allt. 

val'Îablt"'s, in additioll to thos('> stIHlit'd hy Vil'/.!,inia l't'ch. Tllt'y an' t1U'lllIlIlllt'l'of hi­
t"'rare'hy ){-'\I{-'Is in tlw c1ass liht'al'y and tilt'" t.otallllllllht'I' of c1asst's (C()Ill(Hllll'lIt.S), Bo!.h 

haVt' a. sigllif1ca.nt impact. 011 a dt>wlo!>pr's drul't. t.o l'('IIS(' as d{'snillc'd by \Vo(Hllic·ld 

et al. [WESH7] who rpport. t,hat small alld sim lIow cla.Si'l lihral'i{'s ('as(' filldilll!, alld 

Hlltlt-"rstanding of dassps, IW11(,(> facilit.at.(> J'('IIS!' éllld t.hlls illt'l'{'ili'l{' pwdllrtivit.y, 

2.2 Object-Oriented Frameworks 

An object-ol'Îentt-'d fra.nwwol'l< is éL SPI. of cla.sst's wltich l'l'ovide' a fOlllldaf.iol1 lill' So­

lntions 1.0 a set of prohlt'ms. FrallH'wol'ki'l llIay I)(~ doma.i" sfl('('i fic. Fol' ('Xii III pl(', 

tlwl't' are framt"wol'ks for VLSI l'olltillg alp,ol'it.hmi'l [(;os~ml aud fol' dl'il.willJ.!, ('dit.or:-; 
[VLH9, VIWO]. Otlwl's are mOI'(> p,t'Iwral a.nd defillC' IllHdl of ail applica.tioll's stilllda.rd 
1I1WI' interface, hehavior, and 0lwrat.illp, ('IlVil'OlIlllt'llt so t.haf. ail illlpl{·IIH'lIf.ol 1IIi1'y ('011-

('t-'IJtra.t(> on application-specifie' part.s, Th(,s(' p;«'Il('ral pill'Ims(' fl'a!l\('w()rks, oft.e'll ('a.lle·" 

applica.tion fl'a.mewol'ks, an' t.ht-' suhj(·('t. of titis wo!'k. Fol' IIn'vit.y, W(' will 1\('1I('('l'ol't.1t 
}'('>fel' to tllt-'Ill a.s "franwwol'ks". Exulllplt>s an': Inll'1'lJÙ'w,c.; l'rom St.a.lIl'ol'd (1tliV('I'sit.y 

[LCV87]; ET++ fWIIl Ut(' IJllivt'rsity of Z1II'idl [W(:MHH, W(:MH!}]; SI//(/,llIflll.:-HO fol' 

SlIIalltalk-80 [K PHH] a.nd, Mu('A pp 011 t.\w M acÎ Il toslt [S(·hH(>], 

Fl'anwworks al't> mo!'(' titan wt"'ll writtplI ('Iass Iihl'arÎps [.JFHX], A fl'<l.IJI('work is 1.1)(' 
design of a set of obj(.>cts tltat collah(H'a.t.(, 1,0 cany out il. Rd of IPSPOIISil,ilitil'S, ail 

ahstract dt'sip;n. Aecordillg to f)t'lItsrh, tilt' must illlport.allt. part of il f/'a.IJH'wol'k is 
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t.lw part t.hat. d('scril)('s IIOW a systf'm is dividf'd illto its componf'nts [De1\~;J]. In fart, 
fralll('workH cali I)(~ thOllp'ht. of as application t.f'mplates for a family of solutions to 
a sd of f'(·lat.(~d pl'Ohl(·ms. A fl'alllework (01' abstrart df'Rign) is URf'd by modifyillg 
l'xist.ilJp' c1assps and/or hy t>xt(>llding il. via tht-~ ddillitioll of new subciaRsf's. Wlwrf'as 
claSH Iihl'ary COIllI)(J!1('llts an' 11s(,<1 individllally, daSHf'S in a franwwork arf' l'f'llsf'd as 
a whul(' 1,0 solv(' a Slwcific instanct> of a cf'rtain prohlf'Jl1. 

Fip'IlI'(' :l illust.rat,es tlw df'sign of an application that ha.s heen cl.evelopf'd with 
t.lw ET++ fmllwwol'k, an (~x('('l'pt from thf' ET ++SwapsMallager application [E(W~]. 
Bold clasH Ilanws m'(' thos(' of the Ilnd(>riying ET++ framt"work itself whilf' the classes 
wit.hill t.!w duU(·d éll'('a W('J'(' add(-'d fOI' this particlllar application . 

FiguI'(' :1: TIll' owrall d('sign of an application huilt on top of a framework 

A nmt,lIl't' franwwork will have' more than Olle l'onrrete Hubdass fol' a majority 
of it.s a.hst.rad das~';(>s, allowing fOI' most applications to be developed by plugging 
t,oget.\H'r ('xisting componellt.R. If llt>W subdaSRf'S al'(> rt>quired, they are usually very 
simple' 1.0 code, l)('réLuse mature ahstract classt>s tend to be complete. 

'l'Il(' major difrel't'llcP IwtwPPIl llsing objed-oriented frameworks and usillg 1'0111-

pOlll'nt. \ihm,ries is that, t.llt' llspr of a compOlwnt lWt>t! understand only its ("xt(~I'llal 

ill!.('rfanJ
, III coutrast., tlH' IISt'J' of a franwwOl'k must also ullderstalld thp int.ernal 

sLrlld,IlI'(' of !.lw c1ass('s in order to adapt and l"xtend them by inheritance. Framf>­
works l't"'qIlÎl'(' 1110re training to IlS(' and are (>asier to abuse than componellt-basf>d 
franH'works. Tlwy do howewr providt> t'normons potf'utial for l'eusp, in fad, relise is 
wltal. frallH'worlŒ art' ail about. 

Hi 
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2.3 Levels of Reuse in Frameworks 

Similar to the nution of progra.mming-in-t.lw-::HlHdl, -itl-t.lw-mitltllt' alld -ill-t,llI'-lill'/.',I' 
(DK76), WE' haVI' idel1tified thl'('p diff(,\'t'Ilt 1<'\'('ls of \'('USt' illllhjt,('t.-orit'Ill.t'd rl'élllll'\\'lIl'k~, 
The fil'st, l'ellsp-in-tllP-slluLIl, involvt's low-II'\'('I l'('IISt', i,t', tilt' l'\'lISI' of a c1ass, 1111'1.110.\, 
and/or rodt' fmgnlPut, For l'xamplt', adding a. slIhdass tu élU ahst.ral'\' rlass, (',dlt'd 
specialization, is rt'llsillg-ill-tlw-small. Ahst.nlCt t'laSHt'H al't' illl'olllplt'I.I·ly spl·('ilil·d alld 
dpsigned to bp sllbclasspt! ratlwr than tlH'IllHt'lws installt.iat,('d, Ali ahst.l'acl. class iH 
actllally a small scalp dpsign fOI' \'t'IlSt-' of t.llt' d('si/!,ll of sll1é\.11 sealt' eOlllptlllt'lIts, III 
contrast, a franwwork l'an 1w rOllsid(>I'('d a larg(' sndc design, 

Tlw next It'vel of l'l'lise is n'lls(3-in-tlw-nwdilllll. lt Iips ill 1H't,w('t'lI t.llt' r{,IIHt' of 
code and small scale designs uf abstract. daSS('H a.nd tIlt' l't'USt' of lal'g(' sl'alt' d('si).!,IlH ill 
frauwworks. This is the l'ellS(-' of ohjt'(·tH and tlH'il' int,t'l'art.iolls, W(, s1lall 1'1·1'('1' 1.0 t.ltis 
typt' of l'eust' dS "mÏcI'O-al'chitt-'dlll't'" l'('IIS('. As franwwol'ks rodify dt'sÎgn kllllwl('d).!,(' 
uf a pal'ticulal' domain, mÏcl'o-al'Chitt-'ct.1II'('S codify dt'sigll ktlowl<·(lgt' ill 1,('I'II1H of t.Ilt' 
behaviol' of obj('rt collaborations. MÎ«'ro-éU'('hit.ect.IlJ'(~s \'('1181' bot." 1.11(, d('sip,lI alld l'lId,' 
describing the kinds of ohject.H and tll<' illtpl'adionH a.nd 1'01111'01 lIow alllOll1!: 1.11('111 . 

Reuse-in-tlw-mediuJ11 illVO!Vt'8 allotht'I' kw! of 1'('\1S(' which iH il. liul(· hi).!,ltl'I' ill ah­
straction than mÎcro-arrhitt'cl.1lI'e8. ft, involws th(' intt'I'act.ioll of llIino-a!'cltit.('I'tIlI'I'H. 
Thel'efol'e, at this levt'I of relise, tIlt' ohjC'ds an' 110 long('r c1ass('H, hllt al'(' l,h('IIISt'IVI'H 
mÏ<'ro-ardlitt'c.tul'es. This is in fad t,lw l'{'IIS{' of LI\(' (tl'chit.(·I'I.III'1' of ft HyHl.(·1I1 whidl 
bas been instautiated fl'om tlw obj('ct.-o)'i('llt.ed fmllH'work. At. t.lIiH It'wl, fol' n'IIH(' t.o 
be successflll, tIlt' designers mllst l't'IIS(> a syst('11l which ltas 1)('('11 ÎIIHl.allt.iat.{'d wil.ll 1.11(' 

sanw fmmework with which they intend to do fUl'l.h(>1' t1('Vt'loplllt'nl, élnd l't'd('sign. 1"01' 
example, it would not 1)(3 wOl'th-whil(' for a d('Hip;l\(~r llSillp, t.11I' ET++ fl'allH'wo!'k !.O 

)'ellse the architeet.l1r(3 from an applicatioll d('wloppt! with tllI' Inl.('I'vÎt·WH fl'alllt'wlIl'k 
[8e)'90). 

As a f)'anwwork descl'ihes tll<' al'ch it(,ctll 1'(' of a SYHt,('1lI whkh has 1)('('11 inst.allt.iat.(·d 
from it, micl'o-ar('hit.('dl11·t~S l'ail lit, cOllsid('I'(·t1 jllst t!ta.I" i.t'. IlIiC'l'o-ardlit.,'dlll't'H of 
the larger fral1H-'wol'k al'chit('ctllJ'(~. 

The highest level of relise, 1't>lIse-iu-tllt'-larp,t', is tilt' 1'('118(' of ohj('('t.s wltidl ar(' 
tllP1l18elves indeppndpnt systems, Syst('IllS whidl <U'{' 1'C->UHI'r! aH t"!t'Y al'(', witllOll1. IJI'inp; 
modified or extended in any way. W(, cali tl](,111 "('xt(->l'Ilai SYHI,('I1IH". II, is 1.11<' sYSt.('1I1 
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which l'mIS('s f.1JPm, tlIf' "tal'gf't system", which is l'f'sponsihle for adapting itsf'lf to thf' 

pl'otocol 1'f'(luil'f-'ments of the external syst(-~m. The f'xtf'rnal systems may or may not 

havI' 1)('('11 r!('V('IOpf·d with the sam(' fralllf'work as th(' target system, tllt~y may evell 

havI' Iwml devplop<,d in a different pl'ogramming language. The point to be stressed 

her(> is that t.!w targt't syst('m lIf'ed not bothel' with thf' internaI implementation 

and d(~sigll details of the external systems sinee there is absolutely no intention of 

IlH)(lifyillg 01' (~xtf-'lIdillg tlwlll. Although rf'use-in-thf'-Iargf' is not specific Ilor unique 

t.u rJ'éLIIWWOI'kH, it. is an important l'('lIse It'vf-'l that we haw hat! exp(>J'i(·llCf' and Sllcct-'ss 

wit.h in tlw df'vf'lopllll'nt of tlw Macrote(' Toolset . .. _ ....................... _ ............ ~ 
: REUSE-IN-THE-LARGE: 
• • • • • • : . 
• reuse object = Application : 
~-_ ...................... _ .....•.......• ......•.....•••••.•••••••••..•.....••••.••........•..... 

REUSE-IN-THE-MEDIUM 

rell~e object = Micro-Architecture ..................•.....................................• 
: ..................................................................................................................... : 

1 TO.jOC
' = 01." md,M. T 1 

, : 
! REUSE·IN·THE·HMALL ! 
: ......................................................................................................... : 

Fig1\l'(> 4: The different lt'vels of l'ellse aud abstraction 

Figlll'(' 4 (!t'piet.s tht-~ diffel't'ut It'vels of l't'use Wf' havf' descrilwd. Notice tlw ust' of 

shading to J'('prpSf'lÜ t.lw level of ahstraction. For instance, rellst'-ill-the-large involves 

t'('IlSillg CL "black hox" abject, Le. an application. Eaeh lt'vel will be described in 
gn>ater dc,t.ail in latt>r chapters. 
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Chapter 3 

ET + + and the Macrotec Tooiset 

You will now bt> prolldly introdu('(-'d 1,0 Macrot!'!', ail ohj(·d-ol'i('tll,(·d !.oolsl't WI' 1!aV!' 
dewloped throughout the past yf'ar. Tlw Macrott-c d(·'wlopnH'IIt., t1sill~ t.11I' E'I'-H­
frauwwork, illustratt:'s and vali{lat(3s tllany of tilt' con('('pts d(·Hcrilll·d in t.his wol'l< and 
will be referl'f'd to in the latf'l' chapters, This chaptt'r concludt's wit.h il. hl'it{ discussion 
of ET++ . 

3.1 The Macrotec Toolset 

We have developpd a llew nwthodology fol' tlw archit(··d.uml modl'Ilinp; alld hip,h-lt'v('1 
requirements spedfication of business processpr-; and illfortl1atioll HySt,(,ltlS, Tu support, 
and validate OUI' methodology, w(-' have engilleered th(-> M(l(,1'ot{'(' t,oolst'l.. MW'l'ole/' 

currently allows for graphical mode! spedfkation, étutomat.ic gmphical layollt, lop,iral 
and performance analysis, and hierarchkal df'compositioll. '1'0 support, t,his fIllICt,ioll­
ality, various tools were built or integrated iuto Mac1'Ot('(', Ext,el'lmlly, int,('gratioll is 
achieved through a seamless liser interfac(>, and illt('J'lIally, illt,pf.!,ratiofl is flll't,I)(,I'('d by 
one single data representation sclwnw and a simple' ypt dr(~div(' alld (·xt.t·lIsibl(· IIl('l'h­
anism for tool intt-'ractioll, lu t.his s<-,dioll, w(-' pl'l~s(mt our Illl't.hodology alld fOl'us 011 

th.t> tool dev<-,lopnwut effort that led tu Mal'l'otcc, Sp(:.cifically, Wt~ disl'lIsS Ma(.,.ot"(,',,, 

l'Pqllil'ements, design and implt>mHlltation, and wc' (>valuat.c' OHr r1c~V('IOpll)(,llt. pU'ort.. 
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3.1.1 Introduction to Mo.crotec 

ln a joint mit'arc.h projt3 c.t, we haw developed, in cooperation with DMR Croup 

111('., a Ilew methodology for business modelling. Our approach comhines several 
cOIH'epts that have originally heen developed in separate contexts, such as entity­

l'e1ationship modelling of information, 8pecializatioll and inhel'itallce in the sense of 
ohjed-oriented languages, event analysis, and analysis of data (pl'odud) flow a.s weil 
as 1'(1801lr('(3 lItilization. We have integrated these eoncepts into a uniform model1illg 

frallwwork with a prt'cÎse selllantÎC's fol' thf' dynamic aspects, which bas heen definf'd 
thl'Ough t,})(-' fOl'lnalislll of Pf'tl'i l1f'tS. 

Tlw "(-'sulting 1l1odt,l\jng approach [BDD+9~] supports fadlities snch as architf'c-
1. mal views al. different levels of abstraction, and performance analysis, based on the 
c1ynamic sf'mantics mentioned above. In many ways, however, it goes beyond current 

tLpJ>l'Oadws. Fol' instance, it explicitly supports illheritance and spedalization, and 
it indudes an expressivf' set of relationships, yet small ellougb to make them easy 
1.0 lIS('. Mon>ovt~r, our approach lends itself to automation, e.g., semi-automatk suh­

stitlltion of ll1odt"'l parts, vari01ls consistency c.hecks, and flexible animation (fOl'ward 

and backward) . 

III order 1.0 support and validate our approach, we have developed thf' Macrotc('t 
toolHet, a tool whic.h will eventua.lly support ail facets of our methodology [KLO+9:Ja, 
I<LO+9:1b). 

ln t.he sections which follow, Wf' discuss the rf'quirements for systems supporting 
0111' mcthodology. Then, we detail the df'sign considerations hehind Marrot~c and 

pl'Ovide a sœnario of its usage. Next, the implem~ntation of Macrotec is descrihed, 

togotlH'l' with au evalllation of 0111' developl11ellt effort. Fillally, Wf' pr~sellt the current 
st.attls and ftltllrl" rt'st'areh dirediolls of our projed. 

3.1.2 Toolset Requirements and Existing Tools 

ln this section, we desl'ribe the functional requiremellts of the Ma(~rotec tools~t. We 

t.1H'n r(~port on our evaluation of existing tools against these requirements and detail 
tlw tools w(~ have integrated into Macrotec. 

l "Mm'fott'l''' is a. l'olltrad.ion of the words Mac1'Osl'ope, our project's name, and arl'hitecture. 
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The toolsf't must indude: 

• A tool for the graphical editing and validation of mOlh-·I~ (i.t'., t.llt'ir l'C'prc'st'lIt.a­
tian as aUllotated graphs or lIt>tworks), c'omplf'I1IC'llLPd wit.h fac·ilit.ic's for allt.o­
matie graph layont; 

• A dynamic aua.lysis 1.001 sl1pporti ng hoth tinwc! an i mal.ioll a.nc! P('l'fOl'lllilllC'(' 
analysis. The allimat iOll pngillf' (wc~ llSt~ tIlt-' I.C'I'I1IH "engÏtH'" a.lld "1.001" i nt.c'l'­
changeably) must graphically and inl.t>ractively sinlllla.l.t, llH" (\XC'C1\t.ioll of t.llt' 
model, thus enabling visllalization of tht' model compolwnt.s' int.t'I'a.d.iolls. FlII'­
thermore, it must support fOl'ward and backwanl t'x(:,(,lIt.iulI in () J'(1c 'l' 1.0 flnswt'1' 
questions such as: What are the actions that conSIlIlH" giwlI input.s a.nd ill wltal. 
order do they occur? What arC' the outputs oht.aillc>d'! Wlmt <ll'C' t.Ilt' lI(\('C'SSéll'y 
intermediatf' actions to \)(" pf'rfornwd'! What illputs a.rt-' J'(\qllirt>d for a. spc·cifil'd 
output'? 

The pf'rformétucc' aua,lysiH f'ugine m1lst étllétlytically g('Ill'rat.(\ <)1Ié1.nt,it.at.iVl' "C\Slllt.s 
such as action throughpllt, hottlf'llt'c1Œ, 1't-'SOIll'('(> utilizat.iol1 alld wail.illp, t.illH' 
for adions. This way, potential prohlt"llls (t'.g., loups) lllay IH' l·cwt'alc·(I, a.lld I.IJ(' 
impact of modifications on the system dt'sign may ht-' IllOI'(' (>asily llud('I'stoocl; 

• A substitution tool supporting multi-Ievel modelling. This 1.001 IIII1SI, pl'oviclc· 
meehanisms for the deromposition and ahstradioll of ndwork pal't.:; illt.o Sil\'­

nets and super-nets, desr.ribing, l'esppctivt>ly, \OW('!' and higlH'I' \C'wls or a.b­
stradion. Obviously, tl}(~se l11e(~hanisms should Pl'(\sc~rv(\ visllal and \H'lmvÎ()J'al 
cOllsistenc:y betwf'en different-Ievel nets in r{~sl)(>d to theÎl' adja,n·nt. 1I()(I(,s; 

• Facilities for data exchange and evo\lltionary design, nallldy, a stat,e-of-t\lt'-lLl't 
database and a standard data exehange format. 

Givel1 this extt'usivf' list of l'e(luirf'll1ents, wc st.rove for IIHÎIII!; (~xÎst,illf!, tou\s alld 
collduded an evaluation. In what follows, w(~ dc~sc:rih(~ HUI' principal filldillp,s. 

Most t'xistillg 1110dt'lling tools ar(~ haspd on OIW of t.\w followilll!; modc'I:;: (Iaf.a-flow, 
f'lltity-relationship, objec:t-ol'Îf'ntpd or Pptri 111'1. 1110(h-l. Our mdltodology dOl~s ilOt. 

exdusively support thest> undel'lying Illodds huI. rat,hc~1' merg('s t.lwi,' main COllcopt,s 
Înto one coherent apPl'oach. 

~o 
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TIJ(· dynamk allalysis and suhstitution 1.,ouls we f!valuat(3d, including fh:,c.;i.qn(;PN, 
Eva t, US/)N, Mda/h,c.;ig71, Il{)f)/OO, SPNP, Voltairr [KOR9:l] and Franck's system [Fra~}~l 
did ilOt, !l]('et t.lw above r<'fluir<'>IlH'nis, sinet' they provided insuffirif'nt support for Oll(" 

ot' Illany of 1,1](' fullowing criteria: timed dynamÎc analysis, baekward animation, auto­
mat.ie J}(WfOI'llIall(,(~ aualysis 1'("sul1.,s gelwratioll, integrated view of statÎc and dYllamic 
tt1od('lIillg, concllrt'l'lI('Y and pal'allelism, dat.a exchange and model evolutioll, hierar­
chical Ilw(\('ls, and Illulti-Ipwl validation, 

Tlu'se tools otfN, at lwst, partial solutions to OUI' rpqtlirf'n](~llts. Thus, we decided 
t.o d('vl')ufJ an int.(·grat.('>d tou)sei haS(3d un existing tools t.bat fully satisfy one fUllctional 
1'('qllin'IlH'lIt, and 011 too)s hllilt from scratch. Figure 1 depirts the differel1t tuols 
illvolvpd in tlU' resulting Ma(,l'Ote(~ toolset. WC· have integl'ated the 8PNP }wl'fol'lllancp 
iLlJéLlysis tool [TMWH9:l] and an automatic graphie layont package being dewloppd 
a.t. t.!w tJniwl'sity of Toronto [MEN92], The modelling, animation and :·mhstitlltiun 
t.ools [,JBB+H~], howC'ver, WC!l'e ail developt'd by 01ll' group. 

Uler Interface and Control 

Uatabase 

Figll\,(' 1: Mael'ott:'c AIThite('tlll'e Ovel'view 

3.1.3 Design of the Macrotec Toolset 

GXF+ 
Reprell4!ntation 

TIH' llt'sigll of tlU' Mac~rotl'c tootHPt was driVt:'1l by thret' major considerations: il1tC"rnat 
allt! l'ldpI'ml\ int('p;ratioll, and (~xtensibility. We ft'tt that these guiding principles 
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WOllld bf> f>ssf>ntial to om design. if Macrott'c waH tu Hllpplll't. ail of tlH' fl\lldiunalit~, 

nwntiOlwd in tlw pn·'violls section. and pOHHihly Illon' in thl' flltlln'. 

Internally, the C01'r l'fjJlT."ir1!/afim! iH t.\1l' Ill'éll't. of Manot,l'c (Sl't' lip,1II'1' 1). :\11 
information to and l'rom the llSI~r intt'I'fan' is, aft,l'I' maniplllat,ion Ily t.11t, variOIlH t.ooh-., 

managed in the CO!'I' l'epn>st'tltat.ion. Intl'mal int.l'grat.ioll in Manotc'c iH flll't.hc'rc'd h~' 

tlw Ilndl:>rJying stomgC' facility, t.1lt' <:C'IllHt.OIlI' HyHt.t'Ill:.!, an objl'ct.-oril'Ilt.l'd dat.ahasl' 
managf'llwnt system allowinp, tlw St.Ol'élp,l' and n>t.!·il'val of t,lU' coJ'(' l'C'pl't'S(·Ilt.i1tioll, alld 
suppol,ting simplf' Vf'I·siolling. 

Macrotf'c çonsists of two catl'gol'Îl'S of t.ools. In t.hl' lin;t, cat.C'p,ol'y an' t.hl' t.lIolH 
that maniplllatf' graph layont. data. Sl\ch toolH St."!'l' t.1H'il' cla.t.(\. in t.1H' (f'.\ ,,'+ 1"'11/"­

... cntation. GXF+ [KLS9:J] is 0111' clIstomiz('c1 VPl'sioll of nxp, a. st.allclal'llillt'c1 p,raph 
('xchange format [MEN92], S1\ppot't.ing eXF+/CXF a.llows III' t.o "ilsily ('xc-hallp,l' 
data with othf't', SI)f'cial-pllrpos(~, GXF-has('d systt-Ills slIch as t.h(· allt.olllHt.Ît' layollt. 
tools being developf'd al. tht' Univl'I'sity of Toront.o. NOIl-(lX F+-hasc'd syst.c'lIls ,'C'­
qllirt-' data transfol'matioll pl'Ogl'ams. For insl,él.llc(', illt.(·p,mt,in1-!, 11111' slIhst.it.lIt.ion 1.001 
(impletllf'lltf'd hefm'f' adopting tlll' GXF+ st.andal'd) J'(>qllirC'd t.11t' d(·wloPIlI<'IIt. of l,lit' 
Transfo1'tner2 progl'éUll. Mappillf!, of t.1ll' COI'(' int.o t.h(· <lXF+ 1'(·JI\'C's('III,at.ion and vi('c' 
versa is calTied ont hy tl)(' Mappr1' COI11\>OI]('III, . 

Toois hf'longing to tlrt> secolld cat.('go!'y llléulÎplllat.(· l.I1<' lIlocl(·1 dal.a t.lral. al'I' nol. 
!'e)atf>d to tilt' graph l'<'p!'esent.ation. III caSt' I.)H'S(· t.uols art' pa.rt. of 1.11(· Manot.c',· 
proCf>SS, e.g., tlw animation tool, tlH-'Y illl.c'I'acl. wit.h t!\(' 1'01'(' dit·(·ct.ly. Ot.llC'l'wisl', a. 
data trallsfel' pl'ogram to and from Hw l'Ol'(' is mqnil'l·d. Fol' illst.al)('(', t.I)(. 1)(·l'fol'lI1<1.n'·1' 
analysis tool, t'Ilnning as a st'parat(~ pwn'ss, int.l·rads wit.II t.IlC' maill Macrol.c·c' P\'O('('HS 
via Transfo1·mer1. 

By extprnal illtt'gratioll Wf:' nwan l.hat I.h(· lIS('I"S illl.(·radiolls wil.lr ail t.h(' t.ools and 
facilities of Mact'ot(~(~ art' as lluifOl'1ll and comfortahlt, as possihh', 'l'Iris is ad,i('v('d hy 
havillg thf' user illtt'ract with tlw syst('1Il via Ollt' sinp,lt' bas(' Willdow, I!,ivillp, Idlll 01' 

her acress to thp compIc,tf' fllllctiollality of 1.hc· systelll éLlld a.llowillp, for l'a.sy switd,illp, 
hetwef'll tlll' diff(>I'Put t.ools. Us('r inl.('I'fan' pl'ot.o1.ypilJl!, and sofl.wal'l· l'I'IISC' al. 1.111' 
d('sigll 1f'Vt-'1 Wf:'t'e instl'ullwnta) iu ac(,olllplislrinp, t.his t.YP(' of illt.q!,I'a.1.ioll, 

Extf'nsihility iu Macrut(>c is fllrt))('\'(·d l,y il. loos(-I,y "OUJlIe'" y(.t. c·ffiei('1I1. arddl.c·(·­
ture. Sine(' tlw ditff'l'<>ut too)s, wlrile' l'1IIJllill/!; in paralll'I, do Ilot illkl'al'l. witlr ('ad, 

2 (:E'mst.one is a registE'rE'd trad('lwlrk of SNvio Corporat.ioll, 
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ot.JH'I', Manot(·("S cOlltrol COlllpOllPnt can Iw kppt qllitp simplf'. It sYllchronizf's tuols, 
t.ra.IJHlJlit.s ('xkmal ('V('lIts t.o tlw tools, and controls arn'ss to the." COf'(' repn'spntatioll, 
IlSÎII/!, t,I)(' illtpr-pw('('ss (,OJllllll1JIÎcation nwchanisms provi(led hy Unix. 

3.1.4 U sing Macrotec 

071(' t.ypical applicat.ion dOJllaill of Macrot('c is tl](' moch-'lIin/!, of pl1tl'rpris(> informatioJ] 
HySt,('IJIH for pr('HcrÎ pt,i VI' WiéLP,(', III th is section, w<' providf' CL sCf'mu'io of this ki tH! of 
IlImlt'IIiIl/!" W(· 1l1001pl, as all (-'xamplf>, a dl-,!iv('ry systf'111 with prodllcts lwing ordp!'('d, 
t.raIlHpol't,(·d amI finally (1c,livf>l'pd to t.Iwil' dpstillation. 

Pale I.!c:ht I)efine (.JhJect <iroup Shuw Ahcdracllun Performance AnuTiatto Hcll' 
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F'ip,llJ't':l: Sall1plt· 11100!t'l [)c/iucry Sy.<;tcm with animation and performauc(' analysis 
at.tl'ihuf.t's 

Figu!'l' :l shows tltt' hast' winduw thWllgh which the user has aCCE'SH tu tbp full 

l'ulldionalit.y of Macrof.('(', Th(, window collsists of thrf't"' distinct al'eas: the lllPllU bar 

whi .. h /!,iVl's a('('I'HS t.o t.llt' animation, Iwrformal}(,(' éllla!ysis, suhstitution and alltomatic 
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layollt tu ols; the palt'tf,p ill which tilt' uSI~r may s('I('cl all ieull roI' t'dit.ill)J, ad iO\l:-i. pl"I't,~. 
l'platiollH and tllt'ir attrihut.l' VahH':-i (OHI" 1110d('ls' 111Iildill~ hlocks): alld tIlt' dlél"'ÎIl)!, 
art'a in which t.llt' us('r may displ,,)' and ('Ilit. thl' Ilt'l.wurk. III li~lIt(, :!, t.I\I' \lM'1 IW:-i 
luaded a Ilt>twork, possihly n'tlsing, a t.1'mplal.t' 01' pal't.:-i of <III l'xbt itlg 1111H!t'1. TI\(' IIS('I' 
Illay pdit and rl'linl' t.lll' III't,work, adopt.ing a top-do\\'11 01 hOt.t.OIlHlp .tpPllltlrh Ilv 
l'I'Hlw1,tiVl-'ly dpcomposil1g, or ahstrartillp' pal't.s of 1.111' IlI't.\\'ork, 'l'III' hltilt.- in v.did.1I iUII 

COmpOl)(3nt of t.lw l110dplling Lool Illakps sun' t.hat. t.llI' dilrl'I'('II\' I('\'('I:-i III' t.11I· 11('1\\,01" 

a.re COllHiHtl>nt. 

Thf' animation engilH' is t. rigg,('I't'd t. 11 l'ottp;h t.\\I' hast· window "ta \. hl' pit 1 1-c1u\\' Il 
l11en11 shown in flg1\l'e 2. TI1I' graphiral ('xl'cttt.iOlJ or t.I\t' llllHIt·1 1Il.,y III' pt'I'rot'tlll'd al 
lIsN-specÎfif'd hiel'étl'chical h>vpls, allowinp; fol' part.ial 11Iod(·1 a:-i:-it'ssl\\I'nt.s alld 1'('111111 

t.ing, tilt" IISPl' to dpfine a (,oldip;nrat,Îoll lhat. COlTI'SpOlllls t.o hi:-i 01' 11t·1' 1l\('1It..d 11111.1(,1 ,,1' 
t.1lt' systelll. 

PerforméUlCl> analysis gelll'nLtt>s q1lél.llt.it,a.t,ivp l'I'SltlI.S 011 IllUc!t'l IH·llilVÎIlI', FuI' ('X 

amplf', a mmparativply low actioll th'·OIlp,hpllt. atld aVI't'ap,1' 1t1l1ll1"'1 or ('lIl.ll.il·s III 

an action'H input placf' ("Iow" mip,ht. haV<' a. dilr('I'I'lIt siJ.!,lIi1iralll'(· dl'I"'lIdilll-', (III I.IIC' 
lletwork étrchitl'rttll'e) may ronfil'm iL hottll'I)('ck t.ltat. lias all'l'ady IH'('()IlII' appill'l'llI 

dtlrillg animation, ln ligh1. of t.III'sl' 1'('Sltlts, thl' USI'!' Illily illl'l'I'iIS(' 1.111' IIltltlltl" III' 

over-strailll"d rl'soul'c('s 1.0 SIl100tlwIl pX('('lIt.ioll (in Ollt' ('xalllpll', \V(' ('ollld ill( Il';(:-i(' 

the numlwl' of "Trllcks", if tilt' actiolJ "'1'\'(1111'1'01'1." had low t1II'OIlp,III"II.). Silllil"" III 

I1wthodologi<"s and tools in 1't'lat.l'd domains [SC avlE!):!], titi' 111'1'1 tllily pl'ot.otype' t.111' 
mod(>l. HI> 01' sIl<' might l'till, in ail itl'J'atiV<' way, animatioll and pl ,lin Itli!.lll l' illlil.lysi:-i, 

1I11til tlw éLp]>l'Opriat,p a1.1.rihlltp valll('s and C(lttli~ll1'at.ioll fol' a de'si 1'1'" 11Iocle'llH'ltilvilll' 
art' foulld, 

3.1.5 Implementation and Evaluation of Developnwnt. Ef­
fort 

Macrot('(' is a () lIix-IIélS(·d syst,t'Ill dl·VC'I0I'C'd tIIo:-.t.!y ill (:+ + (Illi 110' pill b W('I!' WI i 1.1.('11 

in C), 1't11llling 1I11dl'l' SUIIWindows, N(·WS, élnd 1.1t(· X J 1 willdow syst(·IJI. /t.s IISI'I 

illLl'l"faCl' has 1)('1'11 illlpll'lJ\l'lIt,pd with thl' Ir/'++ applicatioll fI <l1l1l'wIJrk IW( :M~!JI 
alld as daLahasl' WI' al'(' lIsillg (;1'11'1'1.011('. Tu c1at.!', W(' Il'Iv(· illvl's!'('d Illon' 1 hilll rOll 1 

pel'son YPétrs ill its d(~v(·lupnj('l1t . 
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'l'II(' data t.ramiformation prugrams f(~qllirf'd to integrate extf'rnal tools iuto Maerotl"c' 
al'(' fUI illdkatOl' fol' t.he extellsibility of the system, According to our l"xpl"rieun.>, thosl" 
progra ms dC'alillg with t.IH-' GX F + reIHl"S(.>ntation tl"lHI to hl" con::;idl"rahly longl"r (4: 1 
ratio il! lill('::; of c()(lt,) and mor('> complkated than the oues interacting with the corl" 
1'(·1)f'(·sPlltat.ioll. lIowevm', this will Bot he a Sf'vere limitation, sincl" fllt1ll'e Macrotl"(' 
('xknsiolls will Illost likply !'(>quire a transformation of type Transformerl. Wc'> do Hot 
S('(' t,\J(' 1H'(>l! fOI' fmt.her graph manipulation tools, and llf'llee transformations of typl" 
TraIlSfoJ'J1H'I':l will Ilot hl" rc'quirpd. 

WC' haVI' adopt.c'd a.1I ohjc.>l't-orÏc'l1tt'>d dl"vt.>loJ)llleut appl'oach that has provided sig­
lIilkallt. pl'Odllctivity alld quality gains. Fol' instance, our user interfac~e softwarl" is 
highly flc'xi!>lc' ami reusahl(', in part dul" to tlw use of ET++. ET++ is a powl"rflll, 
ohjc·c:l.-orÏC'lltc·d class Iihrary intf'gmting user interface huilding hlod<s with high-Ievl"l 
applicatioll fmmewor!\ coll1l>onl"llts. The usually steep learning cUI've for sueh appli­
nLt.ioll franwwol'ks has Iwell alleviated by thl" USl" of some powerful C++ dl"vl"lopnwnt 
I.ools, Illost Ilotahly, the SnW'tool[Bis9:l], Anotlwr benefit of the objed-oriented ap­
proach in Manot(.>c is the lise of nelllstone together with its C++ interface which has 
IC'd t.o an "fikiplIt. c1atahase Î1üerfacf'. 

Tu prot.otypt" the' user interface of Macrotec, we l'an severaillsel' interface develop-
111('111. c'yel('H, lIsillg tools such as HYP('7'Card and Chiron-J [KCTT91]. The illtegratioll 
of s('vNal st.andalon('> tools wit.h their own graphical USl"r interface was an iucentiw 
1.0 IllPe'1. (01' smpass) the llsahility criteria of each. 

I\s our system pvolvps, with new external tools rpqlliril1g illtegratioll, Wf' will he 
III a. llC'tt('r position t.o detf'rmine how easily our system l'an hl" adapted and 11tmrp 
wllt't.IU'1' 01' ilOt. OUI' design and guiding principll"s arC:' indel"d sound. 

3.1.6 Current Status and Future Work 

A pl'Ot.ot.yP(' version of tht' Macrott'c toolsl"t has l'erently been wmpletf'll. Prelimi­
Hary C'XI>PrÎt'IIl'l' illdicatps that the prototype efficiently and effl"ctively supports our 
1IH't.hodology. In the CllI'l'Pltt veniioll, backward animation and model substitution are 
Ilot yd. fully SUPPol'ted, We intpnd to fUl·ther validate OUI' methodology and toolset 
hy applying it to Ial'gp (3xamples and by using it with evolvillg sysh-'l11s. Further plans 
iuchult' cllstomizability at tht> presentation level, the addition of a model documen­
t.at.ioll and ('licitation (Xnnp01wnt, and navigation aids for substitution hierardlÏl:'s. 
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3.2 The ET++ Framework 

Wf> will now desl'l'ilw in gl't'atf'1' dl,tail tIlt' ET++ franH'wol'k and J'(·It'VHnt. d,'si)!;11 
details. We will tht'll compare Macrotec \Vith J)mm, an applicat.ion dt'wlllpt'd lIsin!!, 
ET++ and remlPt! lH'avily in 01l1' dpvc'Iopnwnt. ('ITtll'\.. 

3.2.1 ET++ and Relevant Design Issues 

ET++ was developed at the Univprsity of Zmich hy o a1llm él, Ma.rt.y ail" WI·illéllHI. 
ET++ is a class library of C++ dassl's, approximat.ply ~i)O of t.IWIll, which a,ÎIllS t.u 

pl'Ovidt' facilities fomparablt' to the OlH'S f01\nd in the st,alHlarcl Smallt.a,lk clasH lihl'a.ry, 
The classes are distriblttc'd amongst n hit'rarchy h"v('ls as de'pirt,t'I! in f1glll'(' :L 

Leve_ 

Figlll't:> :1: Distt'ihutioll of Classes in t.he ET++ lIi('I'fl\'('hy 

ET++ is strudured as a single-roott"d inlwritanf(' himalThy wit.h I1tally viltua.1 
functions available to providt' flexibility amI Oppol't,lIllitÎt'H fol' ('xt.t'Ilsioll. 'l'lU' Ime\(­

bone of the ET++ architedure is a small dewÎ<'c'-depf'IHIt'llt laye>,' lIIaillly mappÎll1!, iLlI 

abstract Willdow and ol>prating systt'Ill interfan" 1.0 an IIl1d('rlyillg l'('al systC'1I1 (Fi!!,­
ure 4). 

Th", Basic Building Bloch; contaÎn tlJ(~ most important. a!'st.md da:-ist's of t.J1t' 
ET++ class hierarcby. Ali dasses in ET++ inherit fl'ol11 class Obj,N, whidl dt'lilll'S 
the }Jl'otocol for actions (~onllnon to al1 (~Iasses. Most. of t.11t' IJlI'lIIht~I' fllJl('t,ÎOIIS ill 
Object do nothing, and exist purely to be ovel'-riddt~1I ill sul)(:lasst's, gwl''y ohjpd, 
that appeal'H 011 tlw SCl'eel1 is a Huhdass of VOhjll(~t, (visual ohjp('t.), VOhjpd, c1dilll'H 
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AlJl,1~C'"1.t: i. III (~L·.-1Vhl(.".~l 

ET++ F L~r1m~W(~, 1: Jo: Building 

Class r·l'it.~l:;~1..:; Bl·.>ckL' 

Bierarch~ 

1 Bd !.:; lC Buil.lin!,l Bl'.>ckL' 1 

ab .... rad OS In'@rrace l abslracl WS Inll!rrace 

Inl@rrace Lay@r 

os (lfNIX) 1 WlndoW Syslenl 

Figure 4: ET++ Architf'c.tUfe Overview 

ail abstl'ad protocol for the Iw'baviol' C0I111110n to visual objects - managing their size 

and position, drawing them, handling input, etc. As the l'Oot of the hierarr.hy of 
vÏf.mal obj(~r.ts, il. is analogons to Object in thl:' wider system. Basir. building blor.ks 

art' .. .Iso supporl.ed, Iike arrays, Iists, sets pte. 

Application fram('work cla.<;ses are higb-leVf'1 ahstrar.t classes that factor out the 
collUllon control structure of applications running in a graphie ellVirOlll11ent and thus 

provide support fOI' tbe overall functiouality of interactive applications. The r.Iasses 

ApplicatioH, Document, View, and Command are responsible for the overall applica­

t.ion hehaviol'. They defille tbe abstract model of a typical ET ++ application and 
I.ogether forl11 a g(~llfwÎC' ET++ application Application is in overall c.olltrol, and 

manages ally number of Documents. Document holds the data structufP or model of 
t.ho appli(~a.tion, and is responsible for loadillg and storing this data in files. Ali mod­

ilimtionH t.o a Docummt al'(~ impll:'l1ll:'nted as Commallds, and the Document pel'Illits 
1.11(' IIs(~r 1.0 1I1ldo Llw last command performed, The r1ass View, another subclass of 

VObjrd, l'e\>rt~S(~lIts an abstl'act and possibly arbitrary large dl'awing surface. Its main 

\>1111)08('> is 1.0 fador out all control flow nf'cessary to manage l'endering and printing 
as w,,)J a.s maintailling tbe r.urrent selection. A Document can havp ally number of 

Vif/LIS. 

TI\(~ 01·aph.i<: lJ'/t-ildiug Blocks fOlltain aU the graphical and illteradive eomponents 

found in almost (>wl'y IlSf'I' interface toolbox, such as t11f'IlUS, dialogs, or scrollbars. In 
addition, it d(>f1nps the franwwork to pasily build new components from existing ones. 

Tht' Systelll Intnt'faœ Layl>r provides its own hierarchy of aLstract classes fol' oper­

aLing system st'rvirps, win(low management, input handling, and drawillg on various 
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devkes. Subdasst's t'xist for imph"lllt>nting tIlt' sysh'tll illt('l'fan' la~'('I"s rlll\('t.ionalit.~' 

for various window Rystt>ms and t.ht" l fNIX opt'rat.itlg sysl.t'Ill. 

3.2.2 ET++ Run-time Information about Classes 

Ont' pl'oblem of C++ is that its l'Un-t.inw syst.('111 dOt's ilOt. provi(\I' any il\fol'llHltÎOII 

about the class structmt> or the instar}('f' variahles or an ohj('ft. It. l'an lH' WI',V WH'fl\ 1 
in object-oriented systems to he able 1.0 ilsk an objt .... d. what. dass il. is, 01' 1.0 know 

what instance variables it possesses. ET++ t\wl'(,fol't" implmlH'nt.s il dass (,'1(/.,<0;,<0; whirh 
is itself a sllbclass of Object and is analogons to Slllél.\ltalk's nwtadass. 'l'lu' hasÏc' hh'H 

is to cali a macro in the definition and implt"Illf'lItat.ion part. of a. dm.;s. 'l'lU' fulluwil\!-', 

example shows Ct class C'Ollforming to this ET++ coding convput.ioll. 

Ilfile Example. h 

class Example:public Object { 
class Collection *col; 
int size; 
char *name; 
public: 
MetaDef(Example) 
ExampleO; 
Il . .. 
}; 

Ilfile Example.C 

MetalmplO(Example)j 

Example::Example() 
{ 

1/ .... 
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} 

ln t,11(' simpb;L fOI'l11 both macros, just. talœ tlw nalllf' of th~ dass as argll11H-'nt. 

Itlfol'llléLLioJl ahout t.he instance variables can he spf'dfied with the Metalmpl manu 

illst('ad of t.h .. MetalmplO. III this macro, the instance variable's type and name arf' 

('11 Il 1I\1·ra1. .. d: 

Mdalmpl( Exa.mpl(~,(LO( col), LI(siz(-'), LCS(llame))); 

Tht' Hymhols L'? al'(' lISf'd to HI>f'cify thf' type of an instance variable. This ma.cro 

v('l'Hion is Iw(-·dpd in ordpr tu giw> support. to the ET ++ pl'ogramming environment.. 

TIll' only tinw w(' mael(· IlSf' of t.hf' programming f'nvironment was to df'tf'l'millf' thf' 

dasH tyP(' of a partit:lllar graphkal object. The use of MetalmplO is thf'reforf' 

Sil flident. 

Not cOllformillg tu this mano convpntion resultR in not bping able tu tpst the 

dynalllic LY»(" of an Obj(~('.t with the IsKINDOF nwthod. We leal'l1ed this the hard 

wa.y and it cost. liS aL least half a day of debugging bcfore fillding the pl'Uhlem and 

fillally t.nu'ing it. back t.o this. 

3.2.3 ET++ Dnl:w application versus Macr'otee 

ET++ c1aHs('s art> Ilot docunwntpd nol' are there any manual pagps. Therefore the 

J,(·st way to 1(>(lI'n ET ++ is to stlldy example applications. We studipd Draw (a full 
11(·dgpd drawing ('ditor) and 8uon l'ealized that it sl.lpported many of our requirements 

fol' Mélct'Ot,PC. WI' th(-'rpfore decidt>d to make use of as much of the original Draw appli­

"Ht,ion's ('otI(3 aH possiblt'. Wp modified many of Dl'aw's (~lasses by modifying exiRting 

nwthods, adding new methods and l'emovillg othel's. We also created several of out' 

OWII C\(tHSPS and intpgrat.ed tlwlll into tl1f' existing Draw hiel'archy. Thp original Draw 

application reqllilwl clos(> 1.0 4000 lines of rodp and Macrotec is 110W at approximately 
10,100 lil1Ps . 
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Chapter 4 

Design and its Reuse in 
Frameworks 

This ehaptel' df'scribf's a major contl'ihution of Olll' work, i.(·., 1.\)(' IIHP and !'C'ww or 
framewol'ks. We hf'gin with a discussion of why dc'sign bal' IOIl).!; 1)('('11 ('oIlHid('!'l'd il. 

diffieult task. Tlwll, thf' two lowf'st lev("1s of l'I'lISC~, J'('IIS(·-ill-t,)H'-Slllall iLlld l'('IIH('-ÎII­
thf'-Illf'diul11, are df'serillf'd with a COIlC("IIt,mtioll Oll tht> laUI'!', sIH·rifica.lly I.h(· l'('IIS(' 
of mkl'O-architf'ct1\l'f's. 

4.1 The Challenges of Design 

Design has long bt'en considel'ed hard étud Ims IW('1l al. t\J(' lu·a.I'1. or IIIOSI. dirlicllII.Î(·s 
in software systems. No matter how car(.flllly PI'(·IHU'(·d a syst(~111 :''1)('rilicatioll Illi!!,lt!. 
be, in the end, many f'asily spf'cifi(·(1 tasks éLl'<' "('asÎt'1' said thl'II dOIl(,". Sof'tWill'(, 
design is diffkult in part bf'caus(3 desip,lI(,J's, in most domaills, wurk ill 1.111' 1IllknoWII, 

unguidf'd by the history and traditiolls of ('nI'lÎt'r d(·siglls. Only a f(~w dOlllaills have' 
bf'en workf'd to thf' point that their dc'sigll prindph·s aJ'C~ w(·11 1Il1del'sl.00d. 'l'ltoS(' 
domains which imnwdiatf'ly WI1W to mind at·(> compilm a.nd op(~mtillg syst('II' cl(·:;igll. 
Desiglling withill thf'se domains is sill1plif1c~d hy Uw 1.1'(·J1)C>IHloIIS alllOllllt. of dpsiAII 
f'xperience from whic.h 011<' l'an conHdc->ntly Il(' guidpd. Wc' Cét.IHIOt., 1111 fort. Il lHüdy, 
easily and safely map desip,n pl'incipll's frolll tllPse fc~w "dc·siAII wis(~" dOlllaills 1.0 t.I ... 
many others. We an', in other words, missillg hask pivot l'0illts lLl'OllIlIl wlridl flll't.Il1'l' 
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d('sign d(-·cisiolls may he safdy and easily based. This means that cUITently, design is 
iJl(ltwd "experÎt>nce Iimited". 

Anotlwr ge.neral prohlem is the etfect of changillg design paranlf'ters. Tht' de­
signe!" of an integrate.d circuit r.an easily predict the effed of an increase in voltage 
011 tl)(' individual components and therefore. on the overall fundionality of the circuit 
hoard. Tlw effect of changil1g software design parameters are much more difficult, 
if Ilot impossihle, to pr(3did. When dealing with frameworks, for instance, design 
pammet.ers indude: numher of classes, class protocols, dass size, inter-object proto­
cols, de. Changes in ally of these parameters wuld affect fundionality, reliahility, 
~mJ(~ralizahility, rellsability, etc. of the underlyillg framework(s). 

Thf' desigll of flexible and reusable software is even harder. In the traditional 
waterfall software lifecycle model, design is performed once and for aB, after initial 
system definition and requirements are complete. However, we are askillg designers 
tu (lea,1 with dtang(~s in system requirements throughollt the life time of the software 
pl'Oduc.t.. Additionally, tlw ultimate goal of "design for reuse" is reusable software, 
whirh IWluires the design of general, extensible software compollents. Design for 
a fix(>d, sp(-!eifk set of reqllirements is difficult ellough, and yet we are now asking 

d(>signl'rs to predirt the futUl'e uses of software and to illcorporate the requirements 
for tl)(~SC possible future applications iuto the CUITent design. 

Finally, to complicate things even more, a system should be designed to support 
non-functioual requil'ements. These include reliability, robustness, performance and 

many others whkh are difficult to control due to the many unexpected uses/input of 
a. system. 

W(' find it appropriate to end this section with a quote from Brooks, "We can get 
good d('signs by followillg good design practiœs instead of poor ones. Good design 
pmdi('(' cali be taught. Whereas the differenœ between poor designs and good ones 
may lit' in the sounduess of the design method, the differellC'.e betweell good designs 
and grea,t 01)('8 surdy does not. Great designs come from great designers." [Br087]. 

4.1.1 Frameworks to the Rescue 

Thankfully, tlwre m'e franlf'wol'ks, an object-ol'Ïellted technique to facilitate desi~l1 
!('V('1 I·('use. 

:n 
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In order to al1eviate thp problplll of tlw dl>siglH'r working in tht' IIl1kllllwn, Wt' llt't'd 
a ult'ans to limit tht> hugp ll11mhf'1' of dt'sign dpcÎsions a dt'siglwr 1I111St. t.a\.:t'. Most 
designers havI" rf'cognizpd that working from a sd. of HXt'd low-h'wl compollt'IIt.H (a.h­
sb'ad c1asst"s and sl1hframt"wol'IŒ) providt's many advant.agl's t.u t,lit' dt'sigll t'Xt'ITist', 
This is dut" in part to tht> faet that dt'sign is an it.t'ra.tiVt' prot't'SS in whit'h tlt'sign 
df'cisiollS lllay bp gnided by thf'se low-It·'vt'l rpft,t'l'nn" point.s and hy t.ht' hip,llt'r It'vd, 
mort" abstract dt"sign, of tht" llntlprlying fm,mewol'k. This approftt'h t'an ('t'rt.ainly nut. 
he considet'ed as "top-down" design. Howt>ver, wC' wOIlIt! 110t i III Il \t'(li a.t.C'1 y t.ag i t as 
"bottom-up" eithpl'. ln fad, dt'sign in till" preSl'l1('(' of rt'lIsa.hlt' dt'sign a.hst.ract.ions 
will be somewht're in betw(-'ell. 

During a panel on "Designing Rellsahlt-, [)('signs: Exp('\'Ît'lIct's Dt'sigllinf,!; Oh.it·rt.­
Orit"nted Franlf'works" at the OOPSLA WHO ('Onft'I't-met) in OUawa. [WBV( ~+!J()l, 
objed-oriented gut'us stressed thl3 hottom-up dt'sigll apPl'Oach in tilt' dt'wloplllt'nt. 
of frameworks. Here, we are however not involvpd in tlw dt'v(-'Iopnwnt. of a. fmnwwol'l, 
(heaven forbid), we are c\ealillg with issues in t.he design of applica.t.ions Imst'd 011 a.n 
already developed fraulf'work. We therefoJ'(\ suggest t.hat. we "th'sign wit.h gllidallft'" 
from thp framework's design and possibly the design of suhframt'wOI'ks and t.hat. wc' 
take a mixed top-downjbottom-up approaeh . 

In practice, we have found tbat tilt-' fl'alllework which IInde"'ic's a colllplC'x sys­
tem such as Macrotrc, actually gllidps tlw dpsign of slIbfmllWWul'ks 1'01' slIhsyst.(·llIs. 
A major eharaderistk of franlf'works is t.hat. they an' dc~sigllt~d t.u Il(' re'lilwc\ illto 
subfrallleworks which can be applietl tu sppcifk sllbsyst.(~I11S. TIU'Sl~ Sllhrra.IIWWOl'ks 
may themselves guidt> the design of otlwr suhfmlllf'wurks and so fort.h. This st.c·p­
wise refinement of frameworks thus allows the tlf'sigUt'l' 1.0 COpt' IllOJ"(' (,(tsily wit.h t.l1I· 

constraint of changillg requÎI'ements and softwa!'c' tlxtendihilit.y. Sc'dojoll t\.~ will 1)(' 
devoted to this idea of "framework refactol'ings". 

Using frameworks t.hus allows designers to COllcellt.rat,(· on t,I\(' applicatioll-sp('cilic 
design issues. Tht> designt'l' is »l'Ovid(,d with huth t.Op-<loWII and 1 ,Ot.t.01l\-1I p Sil l'l'ml. 

in the design der.isioll process. Thus, in designing applinttiolls hasc~d olt fralllc'wtH'ks, 
design decisions unavoidably l't'suit in the ll1odifiration 01' int.rodllct.ion or suhsyst,C'III 
frameworks or f'ven in changes to the ulH.lc~rlying, SUPpos(·(lIy stable fl'allwwol'k. Th"sC' 
design df'cÎsions will result in eVf'ntual changes to tlw configuration of fl'allwwol'k 
components and, possibly, to the creation of new mmpulwllts, i.( •. II(~W suhdass('s of 
existillg classes) . 
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As systems grow in complexity, th~ architectural dependencies between its compo­
!I(~n1. parts may hecoll1e dangerously dense. There are different techniques whic:h can 
Il(-' applied to maintain or even improve the quality of the original framewol'k-based 
d(->sign, ('ven after having applied architedural tl'ansformations. Th~se tf'rhlliquf's 
will also apply to coping with the changes made directly to a framework's design 
parameters (as Illentioned in the previous section). Section 4.2.1 will be devoted to 
descrihing these techniques. 

The franwwork-hased design reuse technique mentioned above is only now begin­
nillg 1.0 reeeive gl'eater attention for its potential for reuse pay off [WB.J90). Ser.­
t,iOI1S 4.:1 and 4.4 are dedicated to this topic. 

The r~maining issues, sucll as safety and reliability, are, to a largt' extellt, auto­
matically dealt with by the very nature of frameworks. COlllponents in a fl'am~work 
are, or at least have the potential to be, more reliable, since they should have been 
thoroughly tested and proven in previolls applications. 

4.1.2 ET++ Design Reuse in Macrotec 

A fréulwwol'k, sueh as ET++, hides the parts of the design that are COllllllon to ail 
of its possihle instances. In what follows, we mention two design l'ellse examples we 
experiencpd when working with ET++. 

ET++ represents the design (architecture) of an application in the saille way an 
abstmd class repl'esellts the design for subclasses. Therefore, USillg the framework will 
fadlitate dpsign considerably, freeillg the application designer From COllll110n, low-Ievel 
a,lId of tell IllUndalle deRign issues. Also, the ET++ framework is valuable hf'causp it 
allows 1.1)(" reuse of design pal·ts which are often difficult to ullderstand. 

Fol' instance, in developing Macrotec we did not have to consider low-level sys­
t.t'Ill issues. ET ++ has, as system interface components, a hierarchy of abstrad 
(~lasses. These classps enrapsulate operating system services, window management, 
input handlillg, and drawing on various deviees. The two abstract dasses SYSTEM 

and WINDOWSYSTEM define the entry point into the system interface hieral'C'hy (cf. 
Chapter :J figlll'c 4). 

Allother exampll" of l'eusable design in ET++ is the mechallism called dwnge 
p1'opagatioll. This mechallÎsm allows graphical objeets to sylldll'ollize theil' sta.tes, 
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e.g., change their prest'ntation, according to changt's in obsPl'vt-~d objc~ds. TIlt' clasH 
OBJECT dt'filles the subfraulf'work to syuchronizp tilt' statt> of difft'I't'nt ohjt'ct.s. '1'lwl'C' 
is a l11pthod to rt'gister an object as dependt-'nt on anothl'l', AddOhst'l'vt'rO. Modifica.­
tions to the state of an objed are anlloun(,pd with a Changt'd() llwt.hod, t.l'ig1o!.«'rinp; li 

call of the DoObserveO l1lf'thod for ail dt'pt'ndent objt>ct.s. 1'0 l't'ad 1.0 a. chang«' lIol.i­
fication, this [)oObserveO I1wthod has tu Iw oVt'rrilldt'n in t.lw part.kipal.illp, gl'HphiC'al 
objects. In Macrotec', wp use changc' pl'Opagat.ion to Ilmint.ain COIllH'ct.ioIlH Iwt.Wt't'll 
graphic.al elelllf'nts and to ensurt-' that, wht-'11 th~ir positions a l't' dmllp,c'c\ via. "r!Ït'" 
and drag" opel'ations, ail their depelldent graphie ... 1 ohjc·cI.H arc' IIpt\a.I.t~d. 

In conclusion, ask yourst'If tllf' following qw'stion: Ba.w 1 t'Vel' wOl'kt'" wit.h pOWt'I' 

designers'? If so, thpy pl'obably toM yOll t.hat many dpsigns OCt'lIl' again a.nd agaill illld 

made commellts such as, "Oh, that strut'turt-' is vpry similar to a. willp; .. t. and, typically, 
you handlt' widgets this way [BRH7]". Rarply will tlwy begill fl'Olll s .... a.t.ch. Alt.hollgh 
in this context, tIll" l't'use pott'utial is dil'ectly rt,la.tt,d 1.0 t.lw clt'Higl1t,l's PXIWI'it>lIt'c" t.hc' 
faet remains, according 1.0 Biggerstaff [BR87], that. dt'sigll l'PIIS(' is tlw ollly wa.y Wc' 
cau even come dose to an order of magnitude int'l't-'üse in pl'Odlll'I.ivity 01' qllalit.y. 

4.2 Reuse-În-the-small 

Fol' reuse-in-thp-small in objed-orientt-'d fl'amewol'ks, w(~ disl.illgllislt t.wo approadll's, 
extellsion-by-additiou aud extpusioll-by-modiHcatioll. ExteIlHion-hy-a(lditioli illvolVt's 
framework restructul'ing techniques. Extellsion-hy-modifica.tiull orc:urs wllc'II ail ohj(wt.­
orieuted system is built by reusing au existillg system. III I.his st>dioll, Wc~ will dt'sniht' 
thest' approür.hes aud ilIustrate them with examplt's fl'om tilt-' Ma('J'ot.(~(' dc·vdoPlIltHlt .. 

4.2.1 Extension-by-Addition - Framework RefactorÎng 

The main reaSOll that framework design it('rates is hecausn frallH'works arl' supposc'cI 
to be reusable. According 1.0 Garlan [GarH:J], il. is ilOt. possi hlt~ 1.0 l't~lISc~ soft.war·o Il Il t.i 1 
it is written and wOl'king, and therdom, itc-'ratioll is a must.. 

Iteratively refinil1g the framework, subframewol'ks and ahst.rad. c1assmi (n·call ail 
abstrac.t class is a small scale design, i.e. a tf'lllplate for COllcret.c'> dusse's) iH t.\w normal 
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IH'ocpdurf' of 44maturillg" an application 's framework 1. The.sf' iterativf' refinemf'llts 
wmally rf'q1Jir(~ a lot of hard wOl'k illvolving structural changes to the fralllf'Work 

Ilic'J'iLl'chy, CL pl'OCoe·HH WP cali rf'fadoring. To motivatf' tIlt' practic.al importancf' of 

n.factorin1!. in df'signing framework-hasf'd applications, Wf' will presf'nt example·s Wf' 

call1t' aCl'us:; dUl'illg the deve·lopIlH-mt of Macrolrc. 

Refactoring To Generalize: Creating an Abstract Superclass 

H,t'factol'ing to gt'lIm'alize~ call \)(3 Sf'f'n as au e.xample of iterative hottom-Ilp df'sign as 

1ll('lltiolu·d in t,}H' Pl·e·vious s(·etions. As thf' df'sigl1 of an application '8 framework ma.-

1,III'e's, gC>IH'l'al COlll'e'pts can usually bl' df'l'Îved from spf'r.ific examplf's. Thf' Slwcific 
e~xalllpl(>:; are implelmmted in confl'e.te dasses. As C0l111110n abstractions are df'ter­

millf'c!, if, il' of tell ne.cessary to sepal'ate this COlllll10n behavior and to move it to a 

IWW ahstrad sllpt-'l'dass fol' the set of COIHTf'te dasses [8D91]. 

TextShape 

1 

TextShape 

.... Stiiiierliiis_l_&ioii2-._'!.~ ~ 
Relation CrRelation CoRelation 

(a) a.fore (h) Durillg 

TextShape 

1 
RelatlonShape 

~ 
CrRelatlon CoRelatlon 

(c) After 

Pigl\l't' 1: Macl'otec class hierarehy - Creating an Abstrad Superclass 

DUl'iug the ('al'Iy stages uf thf' Macrotec development, the claSH hiel'archy, with 

1'1'8\>I'('t tu Uw l'dations l)(3tW('f'll actions and places, was as depided in figure 1 (a). 

1 applicatioll'.'! !mllletllo,.k (the architect.ure (dass hierarchy) of an application, e.g. Draw, devel­
oped frolll lUI underlying applicat.ion framework t'.g. ET++) should not he l'onfused with appllml20ll 
!mlllfwo,.k (t.hl' Ilnt\erlying frallll'work, l'.g. ET++, wit,h whirh one dt'vl'Iops applications) . 
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TEXTSHAPE is responsiblp for drawinp; text onto t.ht' drawinp, al'('a (~t,t.t.inp; displa." 
properties, making tht' drawl1 text dt'\wndent 011 ot1WI' ohjt'ct.~, t'I.e.). RELATION 

inc1udf's mt-,thods tu maintain which slmpt's (OvaISh'l\w, for plan's and BuxShapt" 
for actiolls) it is conllf'cting as wt-'H as dat.a.haHt' Havt' llld.htH1H. Ail t·arl." stc\p,t' of 
dpvf'lopuwut had Macro/cc SlIppol'ting unly Ollt' I"t'Iat.ion, t.llt' ·'nt'a.t.(''' I"t'Iat.ioll. fU!,t'!' 
havillg fully implel1wntt'd and t.('st.pt! tIlt' n't'at.t' !'t'Iat.ion, \V(' IlI'p,an int.rod1\rinp, t.llt' 
otllt:'r relations. W(3 soon rea.1izt'd, how('Vt'\", that. must. of t.\1t' llll't.hods and dat.a 
memhf'l's werp the sall1P for aH t.llt:' rt'Iatiolls. A st'rit's of changt's, HlIown ill Iigul"t' \, 
Wf'l'e made to gf'\lf'ralizt3 tlw Ht>lat.iulI claSH in ol'dl'r 1.0 support. hol.l, (~rHt'lat.iun alld 
CoRelation relations: 

1. t.ht" Relation claHs was rel1étnwd CrRt'la.t.ion, 

~. TIlt:' CoHt>lation class was addt'd as il. :m hdass of 'n·xt.s IHl!,t'; da t.a. \lIl'lItlll'r:-; illld 

l1lt'thods Wt-'\'(' copit>t! l'rom tllP CrHt,latioll cla.ss, alld lI1odilit'd, 

:3. tIlt' Relation c1ass was addt'd as a sllhclass of Tl'xt.Slmpt' alld as a.1I ahst.rart. 
superdass of CrRt>lation and CoRt'lat.ioll, 

4. thf' data memlH'rs and nwthotls C0l111110n t.o CrH(·lat.ioll and CoHt'lat.ioll Wt'I'«' 
migrated up to Relation, t.lH'ir commun sIIJ)('rclass. 

This was a fairly straight.-forward pron'du\'(' sinc(' aIl t.1H' 1I1t't.hods wltid, Wt'I't' 
migratf'd to the superc1ass had exactly the sallw implt'llH'nl.at.ioll, in <'it.IIt,1' \'t·Ia.t,ioll. 
If this had nol. bf'en the case, W(~ wOllld haVt' Imd t.o illt.rodlJ(·t' IIt'W lIwt.hods. III 
general, if c1ass A and B have a slight dilr('r('\H'(' ill t.lIt'il' illlplt'lIJ('lIl.a.l.iolis fol' lIH't.hod 
Y, tilt-' different't-'s haVt-' 1.0 Lw separatl>d out. This "('qui\'('s t.hat. lIt'W IIII't.hods \H' clt'Iilll'd 
in each subdass, A and B, in orcier t.o I.ak(' ca\,(' of t.11t' c1ilf(·"('llC('s. 'l'lit' c1i1rt'l'illJ.!, /'och· 
in Y must tllt-'l1 Iw rf'pla,œd hy (~alls 1.0 tilt' \H'W lll(-~thods ill t'ad, of U't' slllwlassl's, 
Then and only tlwn ean th(-, l1wthocl Y 1H' llloVt'clup t.o th(' ahst.rart. Sllpt'I'I'lass. 

Refactoring To Specialize: Subclassing 

Gelleralizing USillg abstract dasst's is uSllally aC(:oJll pan ipc! l,y Hpt~('ialilf,i III-'; IIsi 11/1, Sil ". 

dasses. Common abstradions art> captlll't'd ill absl.rac'l. sll)Jprclass('s, wh('f'('<LS C'iLSt'­

specifie behaviol' is handlt"d in tht" suhdass('s. DI\/'ing t.hc~ c1pvploPlllc'lI1. of M(u"I'ol,'/', 
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Wl' spc'ciali7.pf! ~wwral ahstract sllpc"'rclas~es. HC'rt> we ~how tIlt-' ~pe("ialization of the 
dass SHAPESKETCHER with the da~s BOXSKETCHER. 

'1'1)(' ShaJ)('Sk('tdwl" dass is )"("'spolJ~ihh> fur displaying ta the llSl-'r a graphical 
sh •. LJ)("s bUlllldilJg bux as il. is heillg dragg(-'d and stretclwd on tlw drawing :mrface. Tt 
also sa.vc~~ tlJ(~ 1'('sllltiJJg shap('" in a list of ~hapes list.. We, hawever, walüC'd thl-' ~lléqws 
fOI" ()1IJ" adiolls (and plan's) 1.0 he uf a !ixed size, i.e. Wf' walltc,d tlw 11sc"'r 1.0 s(-'I(-'('t 
t1w Actioll sllaJ>c' from 1.1](-' palc,tte and ha.ve thc' syst("'m plan ... t1](-' shapc-' al. tIlt-' fi\"f;t 

loca.tioll dickc'd in t.lw vi('willg arf'a. Tu do su, the folluwillg stl-'p~ W(-'J"(" takl-'Il: 

~. Slmp('Sl<c·l.clwr was studic'd and il. was determined t.hat BoxSkf'tcher l}(-'(-'ded tu 
oVC>l'I'idt' t.\}(-' nwt.huds TrackFeedbackO and SaveDoitO; 

:J. tlH' COIlSl.l'llctOl' of BoxShapf' was determil1ed ta havf' tu initialize thf' basc' class 
(Shapc>Sk('kher) through a memhf'J' initialization list. 

quit(· ortelJ dass nwthods have cot1ditiollal ~tatc>ments that (-'ach test fur tilt' ~a.nH-' 
:wt. of (,OIIClit.ioIlS. Wlwll ohservations uf this tyP(' are made, this may suggest that suh­
c1assc's shoulcl 1)(-' (Idlnc~d COITl-'Spondillg ta those conditions. ln devc>loping Macrotfc, 

wC' dit! nmkl'" :mch ohs('l"vatiolls. For instance, a method in tbe Rf'lationShap(~ dass, 
call('t! DBSAVECollnectO, hat! the followillg conditiollal codf': 

if (this->IsKindOf(CoRelation» re_narne=strsave("Consurne"); 
if (this->IsKindOf(ChRelation» re_narne=strsave("Change"); 
if (this->IsKindOf(Ch2Relation») re_narne=strsave("Change").~ 
if (this->IsKindOf(CrRelation» 
if (this->IsKindOf(UsRelation» 
if (this->IsKindOf(XuRelation)) 

if (this->IsKindOf(ChRelation)) 
{ 

re_narne=strsave("Create"); 
re_narne=strsave("Use"); 
re_narne=strsave("XUse"); 

DEBUGP(printf ("It' s the Ch relation! ! \nl!») ; 
anRelation = new MA_RelationAPP(a,p,p); 
} 
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else 
if(this->IsKindOf(Ch2Relatlon)) 

... etc ... 

Sinct> tlwl'e W('n' already s(~parat.l· C()IlCl'I't.l· class('s for t.11l' 1'l·lat.iol\s ('J't'alt" ('\111-

S1\I1H-', ('han~(>, IISl' and X IIS<', w(' simply addt'd a vil't.ualllH't.hlld ill t.llt' lklal iOIlShilpt' 
class with eaeh J'('laiioll imph·IlH'IIt.illp; it.s OWII DBSAVE( 'Olltll'ct 1I11't.hlld, 

SUlumary 

The pl'('violls (~xampl(~s W('!'(' qlliü> straight.-fonvél.rd, III /-!,('lll'ml, l!o\\'('V('I', St.III( t 111 ,,1 
changes to a c1ass hil'rarchy may lu' fairly COll1plt·x, III part.irular, dlilllJ.!,(·S 11Iaclt·lllwt·l' 
into tlH' hit-'rétl'chy, Î.t·, c1osm' t.u th .. root., will J'(·quin· aloI. ,,1' at.t.I·lIl.iol1 il1 IIl'dl'l t.u 
('ns111'(> that the l'(>stl'lI('t11l'il1l!, is Iwhaviol'al )ln's('l'vin/!, [< :'l'( :+!)()], 

Inadl'quat.l' iulH'l'it.éLUCl' Sil'lIdlll'l', missillJ.!, ahst.rHct.i()IIS ill t.11t' hit'nll'clry, oVt'r1y Sl)('­
eializ(>d class(~s, may st-'riollsly 1'1'<l1\e(' th(' 1'('lIsahilit,y uf a f'rallll'work. It. is ill1plll't.illlt. 
for a fmmewol'k 1.0 ('volv(> ill ol'd('r to (·limillélt.(· sllch pro"I"llIS alld ht'II('(' illllll'II\'(' 
its reusahility, Succl'ssful n'fadol'ÏlIp, will I(·slllt. ill cI('all('r alld 111<)1'(' ('()II'1,,'(·h(·IIHihh· 
design, in I('>ss cod(> and tht-'I'('fol'(' possihly in fast.,·1' ,·x(,('lIt.ioll HI)(·(·II. 

4.2.2 Extension-hy-Modification - Editing Existillg Class(~s 

The second fan>t of rellS(·-ill-t1w-sm ail , ('xl,(·IIHioll-I,Y-IIItHlilicat.iulI, I,ypintlly (1I','II1'S 

in ét l'eus!' in tht> I1H~dilll11 ('()J]I,('xt. W(· l'('('all t.hat. 1'(·us('-ill-t.!t .. -II\('dilll11 illvolws t.l1I' 
l't>use of miCl'O-al'chit(~c.tlll'(,s and illt('radiolls t.h(·J'(·of. This is ill ra.d t.Il1' n'lIsl' or 1.111' 
at'chitert.ut't' of an application whirh has 111'1'11 il1st.alltiat,t'd fl'olll t.lu' fl'flIIl1'wol'k, 'l'III' 
l'euse of this application illlpli(>s rt'us('-in-t1H'-small, "oth aH, ('xt('llsioll-l,y-additioll 
and as t>xtensÎon-hY-ll1odin('atioll. 

We ap,n>(-' with Lip\wT'llIall [< :ooH7] t.hat. 011(' waut.s fi. sll11111 ('xt('lIsioll ill III'havilll' 
to T'equire just a small eXL(>tlsion 1.0 cod('. III' 1'1I1't.11I'1' l'OlIt.I'IIIIH t.hat. tlildillJ.!, IlI'W ('(III,· 

is good, WheT'l'éLS modifying ('xist,inp, cod(' is h,ul. W(' shaJ'(' t.his opillioll as IOIl/!, as t.llI' 
code is the codl' of tilt' undt-'r1yiug fl'anH'wol,k Îts"lf. !loW('V('I, W(' dai'll t.IJilt. Il1odifyillJ.!, 
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e'xi:;tiug ('mlp, exkll:;ion-hy-morlifkation, is good and desirahle, if tlw extf'llsions art' 
tu tlw application having Iwe'n developf'd with the underlying framework (and not to 
U)C' franwwol'k iüwlf). 

ln ut lwl' wonl:;, e'xtt'Ilsiun-by-modificatioll should only he t>xt>rc.ist>d on tht' ar­
chite'dllrt' COmpOllf'llts of au application d(~v('lop(~d from the undet'lying framework. 
Although c'xten:-.ion-hy-modifkation reWie l'uns a higher risk of rausing l'eusf'' 1lpset2, 
its payofr pott'Iltial, as Wf" have> exper'iencf"d in reusillg DRAW, is worth the risk. 

Orlf' of our expt'ri('llCeS with this It'vel of reusc' was the implementatioll of the 
shape' wit.h which ail A(·tion in Macrotf"c is reprt'sc>nted on tilt' screen. An Action 
shape' is a r·(·e·tél.llgl(~ of a dt'falllt, sizf" that is positioned at the first location clicked in 
t.Iw dl'awing an'a. 

Our sf,arting point was the original class hierarr.hy of Shape graphical objects as 
providf"rl hy tilt' DRAW application (st>t> fig1lI't> 2). 

T .... x~Dha[>'" 

Pi,' ~111· .... Sh'1I''''' 

L:tn .... Gh.:'Il , .... 

ImL1~j .... ~~h"'l , .... 

FigUl'(' 2: DRAW flass hiel'al'chy - Shape graphical objects, abject and Shape 
ahst.mct classes of tilt' llndc~rlying franlf~work and application's framework respectively. 

Wc' cOllsiderc,d and discéll'dt-'d the following l'euse options for the implementatioll 
of 0111' Act.ion shapt' dass: 

, Subclassillg BoxShape. We did 110t, however, becaust-' c.'ollcluded that BoxShape 

2Ut'\lS(" llpst't.: A t.t'rm we have introdul'ed, mell.ning the advantages daimed by reus!:' are lost 
aud al'l.lIally \Vorst' t.hau if t her!.' had b!:'!:'1l 110 r!:'ust' at. ail. 
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was not a valid gpneralization, lt was 111 fart. a fOIH'rt't.(· class wit.h illst.ant.i<l­
tions in the original DRAW applicat.ion, Huw('vpr, \VI' had origillally a).!,t't·(\d t.u 
subda~s ollly abstract. dasses, sin('(~ ahstra~·t c1asst's do ilOt. haw t.o providt' da.t." 
rppresPIItations and futurp subclassps nUl IIS(' ally \'('PI'l·s'\lItat.ioll without. f('ar 
of cOllflicting with tIlt-' O1lt-'S that tht'y i nhf'l'itt'd [.J F~~l j 

• Creating a new class, subclassillg class Shape. Wt' did ilOt., how"v('r, 
bp('ausp thl" fUll('tiollality of BoxShapt', a. suhclHss of Sha.pt', WH.'~ clos(' 1.0 whal. 
we l'l''quin'cl for the Action shap(~ r1ass, TIl<' only difft>\'('n('(' was in I.h(· drawill).!, 
style used and the sizl" of tlw l't'sltlting shapt', 

Our solution was to rmnove remow thp dass HcBoxShap,> a.nd 1.0 l'l'liS\' t,lit' c1a.'is 
BoxShape by dit'pctly 1110difying its codp, (·xtt-'nsion-hy-motlifkatiOlI. This t.ypt· of 
t'eUse involves p1'Ïnc.iplps very similar tu thost-' of rensl·-hy-atltlit.ioll, W,· an' in l'ad. 
introdlldng a new sl1bclass, howpvpr, sonH' of ils implt'Illt'lItat.ioll is ilOt. 0111' OWIl, 

i,e, we are rellsing alrpady ('oded data nWI1lI)f~l's and llH'thods, (llIlik .. t,hl' t't'IIS(' or 
abstrad classps hy sl1bdassing, in which ont> may aSSllll1t,a COI'J'(·ct, ('wh" ('Olll'l't'l.t' 
dasses have 110t llecessarily been thO\'Ollghly teskd, Tilt, J'('lIs(~d ("Olll:\'('t,(, das:; will 
therefol'e l'equil'e testing in the samp way a dass add(,d via sllhdassillp; wOllld l'''qui\'(' 
testing. There is howcver a diffcl'enœ. A class (ahstract 01' (,OIH'I'ett') rmlll t,lu' appli­
cation 's framework has codl" "not inwnted ht'rp", TIll'rdOl't', if tWc'l' t,'st.illp; dl'l.t'I,t.,·d a. 

problem, we woulcl havfl to dehllg another pl'ogramnlt'I"s cod,·, O"viollsly, t.his C'01l Id 
reslllt in time consuming debugging sessions and, possihly, in n'lise IIpSPt., OJH~ should 
therefore careflll1y considfll' tlw following ractors whell ),(,lIsing an appli('at.ioll 's ('0.1(·: 

Reliability - the code to Lw l'cused sho1\ld bf~ fairly l't,liahlt', A p;ood illdicat.ion of 
rdiability is the successfulllse of t.he applit~at.ion ill t\w pastj 

Code Changes - th(> ('odp to hp. \,P11S(-,<I shollld r'('(l'lin' t,lw !t'ast. aillOli Il 1. of ('ha.n~(~s, 
dup to system cnhallCCml"nts and/ol' ll1aintnlHlI)('(~, This is how(wm diflÎt'lIlt. 1,0 

control and predict. TIlP\'cfor'p OllP should rOllsirlel' tlw fo\lowillp; addit.iollal 
factors which dir'edly affect tllP t'ase with whicll ('()(It, lIIily 1Jt> ollhalJ('('d iLlld/or 
maintaiupd: 

3This assumption is basp<1 011 the t'llffent practiep of dl'vplopillg applkat.ioll fralllpworks i/l wl. idl 
a substantial amollnt of tirrlf' is invest.pd in erl.'ating allli t,pf>t,ing ahst,rllI't.iolls, 
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Code Complexity - you shollld Ilot take the t'banee of reusing cOll1}Jlicated 

('ode, If (~Vf>r il, requin'II changes, tlw initial gains (>xperiel1ced due to reuse 

wOllld qlliàly 1)(' lost and l'Pversf'd, i,p, l'ellSP upset; 

Code Size - OIH~ should k(>('p in mind that tlH~ grf>ater tllP numlwl' of l'~It> liups 

ill a nwthod, t.1H' grPé11.el' tlw pl'Ohahility of au enor within that nwthod, 

Ext,('lIsioll-hy-modifkation of an application 's abstrad dassf's, ('.g. class Sha}>f', 

miH('s 1IH' sanw l'OI1(,f'I'I)S as thosp nwntiOllt-'d above whf'n directly rf>usillg code. How­

(lVC'I" whl'n extc'lHling abstl'act classes, we ShOllld he f'ven 1110l'e careful sinet' the po­

tcmf,ial fol' t'xpel1sivf' (~rrOI's is illl'!'(>ased. 

WC', fOI' f'xamplc>, r('lllowd 80111(> data Illpmbers and intl'Odllced new 011PS to tilt-' 

ahstrad, rlass Shape, Such chang('s, to he hehavior preserving, must satisfy certain 

pn·coIHlit.ioIlS. Two simpl(' exampl(1s are tll(> following: 

A. HellloVP Data Membel's, i.e. deI ete variahles at thf' class level. 

pJ'(~condition: =} the va7'iables being drlcted must be unfr!rfeucrd. 

B. Add New Data Membel's, Le. add an ullI'eferenced locally defilled memher variahle 

1,0 a. c1aHs, 

Prp('()J\ditioll: => the IIC10 data mCmbtT nam,e 1nlt.'it not clash with an cxi,<;ting data 
lne1tlbcl' 0/' global variable. 

Optlyke> [O.J90] has i<le>ntifif'd 26 preronditions for such low-If'vel refadorings, 

Th('y SlIppol't the high-Ievel refactol'ings of section 4.:l.1 and are Ilaturally applicable 

j,u ail 01.\)(>1' challges to a framewol'k class hieral'chy as weIl. After havillg studied 

t.IWIlI, wc~ found olll'sc'Ives verifying the assoeiated pl'ecollditions each tillle a r.hangt', 

ally ('ha.n~c~ at a.1I, Wa.H l'<'quil'f'd in eithel' an abstract 01' concrete class. 

Su ll1l11ary 

The' l'('IIS(, of BoxSIHl)w and Shap(~ was a, big payoff for us in tenus of implementa­

t.ioll tinw a.nd codf' quality (thosp who originally developed DRAW wel't' seasol1ed 

pl'OgraIllIllPrs). III fart, in rt>usillg an application, many unkllowns, in terms of im­

ph'IlH'lltation, may Lw resolvf'd hy studying the functionality of the existing code. 
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For instance, after having pel'fol'Illed Hw aboVt' nwnt.iolll'd l'('fact.orinp,s, \VI' had t.hl' 
class hierarchy propf'r1y reflect.inp; tlw class BoxShap<, a.s a suhelaHs of claSH Shapl' 
and without subclassf's. Wt" wel'e h()\VI'vpl' at a loss as t.o ho\\' \Vt' t'\l\IItt dlélll~l' t.ltl' 
hehavior in order to draw a l't-'d.angle with dl'fallit. sizl' at. titi' tirst. locat.iull clirk('d ilt 
the drawing éll'pa, i.p, elilllinatp tht" \'('cl.anp,It·' sl\l't.chinp" \,vltt'n \'\lIIl1inp; 1.111' orip;illéd 
DRAW, we realizf3d that t.he shapes PolyShapt', Ih'gillIlShapI', and BI·~il·\'Shélpl' «litt 
not have the sanw drawing fil IIrt ionalit y as tlw otl1t-'I'S. Wt' t.ht'I'('fo\'(' (It'ddt'" t.hat., 
in onlf'r to properly chanp;l' tilt' \lt'haviol' of BoxShap(" (i.('. Illakl' t.\1t' rhallp,l's ill t.11t' 
con't'ct metlwds and/or dass~'s) we wOllld Imw t.o dt"f.t>\'Iniul' how t.ItI'SI' t.hl'('(' sltapl's 
had implenwuted their Ilniqul' Lwhavio\'. TitI' Ilt-st. lop;iml st.Pp was t() (,Ol1lllé'l't' t.llI'il' 
dass definitiolls. W(, imnwdial.ely rt>aliz(·d that. (>ad} of t.ht'SI' t.hl'('t· slmp('s Imd t.!wit' 
l't'spf'ctive slœtcher dasses dt>fined in t.1\t'il' .h fil(>s. W(' insl)('rt.(·(1 t.1lt' c1ass "il'I'arrhy 
and il1deed we found shape sketrher c1assps (s('(' fignr(' :J). 

SI.al,cSketclwr 
• • • • • 

aeg:1.onSk_tcher 

TextShap_sketcher 

Bez:1.erSk_taher 

'. POl.ySketaher 
' . • 

\ Bc •• x .. Jk,......,r-, ·/J ...... 'L 

Figure:l: DRAW dass hit'\'al'chy - ShaJ>(' Sk('t.dH'1' dasi'ws 

We now realized that, to change t.he drawinp; hehaviol' of BoxShap(', w<' Imd to 
introduœ a llew class, BoxSketcher. Wt> <.litt, and IlSill~ H('gionSkddwl' as a. t,1·lIlplat,(· 
(with few changt>s reqllired to tIlt' codt» Wt> slIcn~( .. d(··d in t\\(' illlpl(>I\I('lIt.at.ioll of t1)(~ 
requil'f'd behavior. 

4.3 Reuse-in-the-medium - Framework Applica­
tions 

Before clescribillg th(~ lowest levd of ,'(·us(·-in-th(·-IIlt'dium, LI'. t111' l'('lISI' of IIlif'J'o­
architedures, we will dis(~uss in t.his S(>(~t.i()1l tl\(> higlH'st.-I(>wl of f'(·lIs(~-ill-thl~-II)(·dillll\, 
I.e. the reuse of an application d("v('lop(~d frolll an llud('l'lyillg fl'<Lllww(JI'k. Wc' f('('1 
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tlmf. this ol'dl'I' of !>1'('sPlltatioll will faeilitatf' Hw rf'adt'I's effort 1.0 properly undl-'rstand 
0111' dl'l,aih~d ('xplallatiolls of micro-al'chitf'ctUl't' l'I-'I1Sf', 

WC' ('XIU'I'i('lIn'd I.his higlJ('l'-lt~vd J'I'lIsf'-in-t.he-n1f'diulll wlwn dl-'vf'loping Ma('1'olt,c 

from J)m:w, il prt>('xisting application df'vf'loped with tilt' ET++ franlf'work, Draw 
is il 1!,('II(·l'a.l-pul"}>WH' p,raphical (~dit()1' similal' 1.0 Mad)raw, allowing tht' "diting of 

lilll'H, gmphical :O"lilPPS, t('xt, sJ>lilll-' CIII'Vf'S, (->te, Wlwll Htlldying [)mw, wc' r(~alized 

il, lIIatdwd vl'l'y dOHPly tlw fllllctionality n-'q1\il'(,d in Macrotpc's graphi"al lllod(311inp, 

colll POIll'IIt. 

III ol'd('I' 1.0 sW'('('ssflllly accompliRh franwwol'k application l'PIIS(', it is essl-'lltial to 
1)(' al,ll' 1,0 diffnI'Plltiat(· t.lu' IInd('rlying franwwol'k dass('s frolll tlw application-specifie 
c1aHR('s, ThiH is impol't,allt fol' many 1'('aSOns, incillding, 

• Mllch (',1.11 hl' 1('éU'IH>d fmlll application rias:'> impl('I11t'ntation 111 tprl1ls of th(" 
illt,('met,ion with the lInd('rlying fmnlf'wol'k, for instance, 

I,h(, class(~s of the Illldt"rlying framf'work which Wf'rf' slIhclassed 

tlw nwt.hods which w«"rt' oWl'fidden Whf'll slIhclassing 

tht' gt>Jwml pl'Ogramming style adopt(3d by tilt-' application dewlopl-'l's, LI-' . 
naming Htalldards, approximate 11111111lf'r of codt' lines pf'l' nwthod, I-'te. 

• 1 f 1.1lt' .. hos('11 application c10sely matd1t's the flluctionality reqllirl-'d in the new 
application, 1,lwll, most. (3xt(3IJsions, \lf' it additiollR 01' modifications, will he COIl­
fÎlwd to tl)(-' application c1asst's, This has the dired benefit of rt'u::;il1g the effort 
originally rt'qllil'('d to ulldf'rstand the ahstract classes' protocol4 and specializa­
tioll 1'('qIlÎl'el1H'ut.s. 

• Aft.(,1' l'Nlsing ail applicatioll 's application spt'cific dasses, it will lw lleCt-'ssal'y 
t.o 1'('1ll0V(3 thww c1ass('s which an' not US(>(1. 

CItI'J'('1l1. pl'Ogramllllllg ('lIvil'Onnwnts a la Sniff [BisH:l], display class hiprarchy 
hOlllldal'Ï('s t.mnspareJltly, Î.(>, withollt a c1ear sepamtion between applkation and 
llllth'rlying fl'a\llf'wol'k c1asseH. In ET++, although Wl' Wt')'e tempted to assume tbat 
tlH' applicat.ioll SOlll'C(, Cotit' was witbiu sf'pamte dirt'ctories of the ulldprlying frame­
WUI''' 80111'('(', Wt' hat! no gllamntee of this. Tht' sault' is true indl-'pendent of tht' 

1 Prol,oeol: I.he sel. of messages t,hat. l'an bp SPllt. t.a l'Ia.<lS inst.ances . 
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Iludt-'rlying framework lwin~ I1s('d and thl,\'(·fol'l' (1)(' shollid avoid Illakin~ slIch IliIivl' 
assllll1ptions. ,",Vl' weJ'(-' looking fol' a safl'. ~l'IH'l'al \Va~' 1.0 idl'nt.ify [)"I1Il'-spt'cilk classt's. 

Our first, simpl,\ ul18tlldied appl'Oal'h, \Vas (,0 locat.!' ail il Ilst ra!'t. c1assl's. 'l'Il dll 
so, Wt-' procel'dl~d with tilt' knowlt'dp,(\ that Hn ahstmd, c1ass is il c1ass \Vit.h .11 It'as! 
ont> o}J(-'ration It>ft, Illlimplt-'lllt'ntpll. Bl'('ans(' SOlllt' tlpl'rat.iolls an' IIl1iIII p\I'lIlt'IIt.t'd, 
an abstract, class has lto illst.ancps and is IIs1'd only a!' il SlIpl'l'l'lass [l'''d :H::!I. 0111' 
hypotlwsis \wing that ahstrad r1assl's an' 1lH'1ll1H'l"s tif t.h!' IlIldl'dyill).!, ft'illllt'\Vol'k's sd 
of classeR only, Wh('rf'aS COIlCl'I'tt> c1as:,ws lwlollg to thl' a.pplil'at.ioll 's sl'l. of c1ass('s. \Vl' 
l'loon, with t'xpPl'il'llce, ohviollsly l'l'aliz(·t1 t,hat Wl' l'ollld Ilot, 1)(, ).!,lIal'ant.l't'cl t.hal. ail 

abstract class was not part. of tIlt' applicat.ion's sd, of cla.ssl's. 

Our s('cond approacllt>d J'('sllltt-'d in t.h(' p,('Il('ml, d('<\,1\ solllt.ioll \Vt' hacl illil.ially 
set out to find. Wt> assunwd that hy cOlllparÎnp, tilt' (Lccolllpallyinp, a pplical.ioll 's c1ass 
hit>l'arr.hies and det(~rmininp, tlw c1a.ss illt.('I'SI'dioll S('t., t.hi!' sd, wonld illcltHlt' ollly t.hOSt' 
cla.sses belonging to the IIllderlyillJ?, rmllll'wol'k. Thl'I'(' is hOW('Vl'l' t,Ill' pO!isihilit.y t.hal. 
difft>rput applicat.ions hé\.vp classes wit.h tilt' sallH' llallH' a.t tlll' salllt' \'(,Iat.ivl' hil'l'al'I'hy 
position. We tlwrt>fort" had to t'IIHI1I'(' t.hat. t.\H' 1I111ll1)('r of applkat.iolls was slIfliri('lIt.ly 
largl', redllcing tilt> prohahilit.y that ail applica.t.iolls ha.! ct cla!'!i wit.h t1lC' t'X;,,'t, Sa.IIl(' 
lléLllW and at the sault" position in tlwil' rel'lp('ct.iw hi(,t'al'chi('s . 

Mor~ formally then, W(' d('fiJl(-' il clasH hil'l'ardlY, H, a.s il. t.l'iplt, (N,l>, S), wl 11'1'1 , N 
is a st>t of c1ass llamPH, 

D : N -+ cla.'i8-dc.'ilTipl ton,; 

is tlw class l.h-'scriptioll f\lndion s)wciryillg U)(' d(·script.ioll of p(Le" l'hlss, alld 

S:N -+ scq(N) 

ts th~ superdass fuuctioll spt·cifying t.ht' S(~(I'I('IIC(, of illlllH'dial.(' SIII)I'I'('l;ls!i('s of 
('aeh c1ass [OH92]. 

The underlying clasl'l('s of a franwwork ar(' obt.ailll'd hy t.1)(' n'I)('at.('" appli( atioll of 
a hit~rarchy comhination operator, "I><l", 1.0 tI)(' sPI. or das!i('s ill (';wh applil'a.tioll cla.sH 
hi(~rarrhy. 

nI I><l no rpqllir(~R nI n no alld Hm!. is l'xé!.ct.ly what. W(' ;1./'(' lookillp, fol', 
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OsslH'r :LIld Harrison [OII9~] have pl'Oposed tools for the rumbination of r1ass hj!,l'­
archi"s, Wl' daim that snch tools muId he l"xtended to inrlude IlnderlyÎnp, franwwOl'k 
c1ass (·xt.l'éLctiou, as w(~ havI' pl'oposed I](->I'l" , 

Wit.hout. 1'('lIsillg t.llt' Drawapplication, Wl" would haw lark(~d a guid!'d d(~sign fol' 
1,/1(' 1'('(luirell shape dassl"s and wOllld not haVI' \)(>f'11 abl<, to impll"l1wllt tht> behaviol', 
d(·t.aih·d in I,IJ(' prt~vious section, with t.lw l"asl" in which Wf' did, Wl" agr!'!' with thos(~ 

who argIH' t.ha.t, 1IIld('I'sütnding sumeolw t>lse's code can be a considl"l'abl!' intl"lll"ctual 
dmll('lIgt>, Il oW(' V(' 1" , if t.Jl(' ('od(, is w(,11 writt('n and consistent, this l"ffol't will :mon Il!' 
absorlwd, and rpading tlw "Ilot inwllted lwl'«' code" Illight (~ventually l'l''(Juirf' littll" 
1lI0l'l' efrort t.hall l't·ading uue's own, ET ++ (and its applications such as Dmw) W(>J'f' 
w,,11 Writ,t.PIl with a c.onsist.ent style throllghout, We S0011 found ollJ'sl"lves (~omfortabh-, 
in rl'adillg the uudf'r1ying franwwork and applications' l'Odl''. 

0111' (,xlwri(~n('e agl'eps with that l'eported in thl" (;c1lf.'ii.'i pl'Ojf'ct [RGP88] in that 
il. is g('IIPt'ally a good idl"a to rellse an application, heure its cod(', even if tinlf' and 
changes <trl" l'('qui 1'<'(\ in i ts Ilndel'standi ng, relis!' and/OI' maintt>naIH'f', Thf' pot!'l1-
t.ia.\ off«'l'('d through such ('ontrollf'd cotIf' rellst>, i.e. tlll'ough thf' USl" of a reliablt> 
a.pplication, is l'xciting, to say the least . 

4.4 Reuse-in-the-medium - Micro-Architectures 

w(~ sl!o1l1d IlOW hf' in agl'('>l"ll1t>nt that applications' frauwwol'ks l'eu se both design and 
cod('. SOIll(-l aSlwcts of a desip,n, sueh as the kind of objects, art> easily dt>scrihed hy 
('odl', Otl)(>1' aSlwds, howev('r, sneh as thf' interaction among groups of objects, al'~ 
Ilot ('XIH'(~ss('d w( .. ll a.s code, Th is makt>s franlt'wol'ks hal'df'r to lluderstand than fol' 
instant'(' ahst.mct dass('s, 

W(' tlwl'I,fol't, need a level of abstraction betweell that of code and fl'amewol'ks 
tlwllIs('lws. H('IH'e wC' introdnce mÎc.ro-architt>ctul'es, the lower level of reuse-iu-the­
Il Il'dillm, abstmcting oh.it~cts and their interartions. As fl'auwwol'ks codify df'sign 
knowlt'(ip,t' of a parti('nlal' dOlllain, obj!'cts and their interactions rodify dt>sigll knowl­
('dg.' in tl~I'IllS of tilt' lwhaviol' of objt>ct collabol'ations. Wl" refer to this type of l'~l1Sf' 
as "mi('t'o-al'chitl .. ctlll'e" l'l''lIS(', A framework desrribes thl' arcbitedurt> of a syst!'111 
inl'tant.iat('d from it, hel)('e mi Cl'o-architecturl"S can be considered just that, i.e. mkro­
arrhit('d1tn's of tilt" largf'r fl'al1lt~work al'chitect1ll'e. Micro-architectures l'f'llSf' both thf' 
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design and code describing tht" kinds of llhjt'cts and t.ht' intt'raclions and cont,l'ol lIow 
among thel11. 

Micro-archit('rt1\I't-~s an' a. way 1.0 ahs(,rad. and to n'l1St' th'sigll l'xl)(,I'Ît'nl'l" AI'­

curding to Coad [Coa91], tlwt't' an' ub.krt.-orÎt'nl.l'd dt'sigll S(.l'lId.lIl'l'S th"t. l'Illt'q..!,I' 
rt-'peatedly in t!w dl>ve1opnwnt of frault'wol'!..:s. TIH'st' StI'IlCt.IU't'S, 1l1it'\'o-a l'l'hi t.1'1'(, Il l"t's. 
arc-' of coms(" known by the dt'signt-'r(s), h1\t, IIllfol't.l\nat,t'ly hy "t'l'y ft'w ol.l1t'I'S, 

The situa.tion dt>pictt'd in figlll'(' 4 is that of il fl'a.mt'wOI'" 1\St'l' 11 Il aWlI\'l' of tllI' 
collaborating objt'ds and t.ht'ir l't'sponsibilitÎt-'s. Wt' t'xP('I'Ît'lIl't'd t.ltis salllt' void or 
the l1uderlying mit'ro-alThitt'('t1ll't'S in 1\sillg ET ++, W" dit! (·vt·ul.lIally disl'lIVt'I' a.1lc1 

undel'stand some of tllf"1l1 Imt only aJtt>I' a gl't-'at dt·a.1 (ami 1 llH'élll (:H EAT) or It il l'cl 
work and pf'rSeWl'éUlCf'. 

Providing dt~siglwrs ant! applicatioll t!t'WIOPt'I'H wit.h a spI, of lllil'\'o-at'l'hit.I'I't.lIl'1'H 
would: 

• proville a 1'0111 111 on voeah1\laJ'y fOI' dt'sign; 

• rt'dllce systt'm complexity hy uallling and dt>fillillg ahst.radiolls CtlIISt'lJllt'lIt1y 
rt'dudng a framework's It,at'ning tin\('; 

• providf' huilding hlo('ks fl'om whit'h \IlOI'(' l'olllplt'x cll'sip;lIs l'ail III' hnilt, fur 
example, ET++ itst'If; 

• pruvidt' a tal'gt-'L fol' Hw t't~fact()l'illg of c1ass hiet'H.l'dlit·1'{ (d. ~,~,I). 

We shall intl'oduc(:"' l1t'W t(~c.hniques, desi~1l patkl'Ils [Cl Il.JV9:Ja, CoaH~l alld ("011-

tracts [HHG90, Ho192], for desc.l'Ïbing high-lI'vd dt·Hip,ll. {TllliIH' fl'alllnwol'ks t'xPl't's:'wd 
in a pwgl'amming language, tllt'se tt'chlliqUt's dl\I)(,11I1 011 iL spt,,'ia.l plll'pllHI' lIota­
tion. We shall now descrihe tlwst' t('chniq1H's alld pl'ovidt' t'xalllp1t's t·xtl'iI('t.t'd frolll 

Macïotec, 

4.4.1 Design Patterns 

In football, a pattt>1'll is a St~ries of sprints, 1, 11 l'IIS, t:/'osslIIgs lLlld twist.s rLl'Plit'd ill 
an ove l'ail stratt'gy for impl'oviug field positioll. III étl'chit,t,t't.UI't·, Il. paU!'!'1I is ail 
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Framework Dellil1ner Framework User 

1' .. ···1- micro-architectures 
.......... 

Fig\ll't' 4: Framework Conceptual View - Designer versus User 

architt'ctllt'al dt'sign or style. An architect, Christopher Alexander, was Ol1e of tht' 
t'arly piolwers in d(.lsign pattern theory [Alt'79], "Illdeed each building and each town 
is UIt,illlrLLC'ly madt' ont of patterns in the space, and out of nothing else; they [patterns 
in tlw span.l] are the atoms and molecult's from which a building or town is made." 

Similarly, ('adl framework and its derived applications are 1lltimately implemented 
ont of mÎero-architectures, they are the atoms and molecules from which a system is 
dl'sigll('r1 and bllilt. Design patterns, as prt'sented by namma in [Oam91], are a new 
way to idt'Iltify and nallle object-ol'ÎellLed micro-mchitedllres. They are a l11f'dlallism 
fOI' t'xpt'essing how components illterrelatf', a high-leVf~l representation tedll1ique fol' 
Pl'opt'l'Iy rapt1ll'ing and t'xprt.lssing design experieuce and iutent to ultimately facilitatt' 
dl'sigll 1'('11 St". 

A dt·sign pa.ttt'l'l1 consists of till'ee parts: 

l. An abstrad description of a class or objt'd collaboration and its stl'lld11l'e. 
Tht' desCl'iption is abstract bt'caust' it concerns abstract design, not a particular 
dt'sigll; 

~. 'l'lU' isstl(· of system design addressed hy the ahstract structure. This determilWs 
wIH't1wr the design pattel'l1 is applkable; 

47 



• 

• 

• 

:J. The COllSf'qllelll'l'S of applying tIlt' abst.rart St. \'\1 ct li t't' to a. sySt.('lll'S al'chit.('C'l.1ll'I'. 
Thesf' df'tel'minf' if the pat.tern shollld tH-' applil'd wit.h l't'S\wcl. t.u ut.llt't' dl'sip,1l 
constraillts. 

A designer familiat· with CL largt-' St't of dt'sign pattt'l'lls (mÏt:l'o-al'chitt'ctul'('s) t'illl 

apply the111 immediatf'ly tu design pl'ohh'l11s wit.hollt. n'tliscovl'ring tllt'lll. WI' illsl.l'ad, 
in developing Ma.el'otf'c, rf'llsed many dpsign pa.tkl'lls, wit.hout. init.ially Illldl'I'st.alldillp, 
thf' illtf'l'llal pl'Otoeul and fllndiollality. It was 1101. Ilntil l't'ct'iving a. ca.l.alog tif dt'Hi/.!,II 
patterns [GH.JV9:Jh] that we l'ealizt'd w(' W('l't' ind(·t'd c1t'alillg with \ll't'-dl'sig1l1'c1l11inu­
architecturf's. This consequently helpI'd 11S impl'Ov(~ UIU' dl'Hign and, Illort· impol'talll,ly, 
lf'ad to the ll11del'standillg and henet' l't'solution of SOUlt' 1'1111 t.inlt' ('ITOI'S WI' ha.d l't'('­
viously beell unable to deal with. For examph~, Wt' Wl'I'I' ulla.blt, t.o IllHII'I'Ht.a.lld why, 
when the position of a gt'aphical shape, l'.g. au Action Hhap(', wa.s t'ha.lIgl'd, it.s idt'II­
tifying label would llpdate its position to that uf tilt' Hlmpl' in qlH'st.ioll, Il <1.11 11'1 Y 1.0 

a defalllt po::;ition at thf' Uppt-'l' I('ft hand CO l'lW l' of tilt' i\rt,ioll Hha.p(·. Sun' il. Wa.H 
wOl'king the way we wOllld have wantl3 d 1.0 imph'IlH'lIt il, oI1I'Ht'lvt'H, yt'l. WI' f('It. 1111-

comfortable not kllowing the internaI::;, i.I'. tIlt' ('ollahol'atill!!, ohjt'I't.s and 1IIld('I'lyill/!, 
Pt'otocols. Almost lllHLvoidably, an f'ventllal <:Jlallg\' in l't'qllil't'llH'lll.s 1·('<lII<'HI.I''' that. W(' 
update the label's position such that it rf'IlHtÎlwd in t!w sanw t't'Ia.t.iv(' posit.ioll wit.h 
respect to that of the graphical shape, i.e. 110 IUlI!!,I'!' adjust tilt' lahl'I t,o t.\1t' IIt"'a,lIlt. 
upper left corner. At first, we had no idf'a how j,o pl'u(,(·t'<I, bul. I.h('11 t.\lt' OIJ.'wI'III'I· 

df'sigll pattel'll hecanw available to ilS. Th(, ObSfl'l1CI' pal.l.(·rn ('Ial'ifit'd how chall/.!,(' 
propagation was designt'd in ET++ and t!mnkflllly Iwlpt'd us idC'lIt.ify 1.111' 111'('('HHa.I'Y 
dasses and methods fol' implf'menttng tlw new 1·t>qlli\,(~ll1etlt,. 

Other cataloged design patterns we fOllml 01ll'st>IWH 1'1'fm'l'ing I.u dll!'illJ.'; ill1pl('llwlI­
tation included Fadory Method, C01nmatul, and (}oo~~i('. W(~ rd('1' 1.lH' l'mt!I'1' 1.0 I.h(' 
catalog [GH.JV93b] fol' a description of thes() pat,tt>l'lJH. 

ln developing Macl'Otec's graphieal l~dit.OI· (,Oll1pOlWIlt., W(' had 1.0 d('Hip,1J alld illl­
plement the ohjeet collahoratiolls lW('t'SSétl'y fol' !!,raphkal shap(~ (·OIlIl!'('\,ioIlS. W(, 
procf'eded in an iterative way and dt-'ddt'd tu P,('III~l'étlizl' 0111' Hulnl,ioll, dt'Hcl'Î"illp, il. via 
a deRign pattel'll, the COllnediull paUI'I·n. TIlt' J,c·J.aviol' deH(~ril)('d l,y 1,1)(' pat,t'('1'1l iH 
that whit.h is rf'quired in cOl1lwr.t.ing two gmphkal shapt's (Ht'P fip,lIl't, .~). Tlw pat,l.c!1'I1 
is nwant to SUppOl't ll1aintailH~l's of Ma(~rot(>(: as weil as d(!siglwl's uf ot,ll('l' sySt.(!IIIS 
that have a gl'aphical editor cOl1lponent. ft is J>owe!'flll (!(1IJ11gh 1.0 (m('ompass ('dil,o!'s 
with many different shape types that cau h(~ t:Onll(>d,t't! via val'ÏollS ('ollllt!d,ion Hllal'(!H . 
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,---Sh_ap_e1--,~"";"" -~ -----..(;ap;) 
\ , ... 
\ l ' 
\J \ , 

\ 

connection shape 

Fip,ul'(>.1: A cOllllpction I)('twf'~n two graphical shapf's 

FOI' dpsnihing 1,111' COlllwd.ioll patt(~l'l1, W(~ slightly Illotlifit'd the design pattern 
t,Plllplal,t' sllgp,C'st,(·d in [CH.JV9:1h]. Th~ Illodified tf'mplatf' is d~pictf'd ill Hg1ll't' 5 . 
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DESIGN PATTERN NAME 
The name of the design pattern is very important. It should clearly convey ItS intent. 
As this name will become part of the design vocabulary, it must be chosen carefully. 

Rationalellntent 

What does the design pattern do? What is its rational and intent? What particular 
design issue or problems does it address? 
Category 
What is the classification of the pattern? 
Mutivating Example 
A scenario in which the design is applicable. the particular design problem or issue 
the pattern addresses, and the class and obJect structures that address this issue. This 
example will help the reader understand the more abstract description of the pattern 
that follows. 
Applicability 
What are the situations in which the design pattern can be applied? What are ex amples 
of poor designs that the pattern can address? How can you recognize these situations? 
Description 
Describe the objects participating in the design pattern, their resposibilities. and 
collaborations. 
Diagram 
The graphical notation based on the Object Modeling Tec.hnique (OMT) is used. The 
notation gives a compact and language independent view of a design pattern. 
Additions to this method include explicit object references and method pseudo-code. 
Discussion 
What are the tradeoffs and results of using the pattern? What do es the design pattern 
objectif y? What aspect of the system structure does it allow to be varied independently? 
Implementation 
What traps. pitfalls. hints. or techniques should one be aware of when implementing the 
pattern? 
Contract Examples 
This section lists example contracts from real systems. 
SeeAlso 
What design patterns have closely relaled intent? 
What motifs (cf. Chapter 6) describe issues involved in the pattern? 

Figure 6: Design pat.f.('1'11 t(~1lI plat.e 
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fil 0111' II(':-'('J"iptioll of t.lH' COIll)(>ction patt(>rn, we l't-'ft"1' to tIw COlllmand pattt-'I'll 

which is iba'lf (Ipsnilwd in gn>éttpl' dd.ail in [nH.JV9:3h]. In short, tIH" COll1mand 
pat.t.PI'll J'(·lat.(·s how ('oll1ll1allds d('coup"> tIw t reatioll of a l'Pqlwst from the pXt-'clIt.io!l 
of t1)(' J'('qlH·S1.. A collllllalld ohj('ct.ific>s t.!lf' l'eqllt-'st fol' a st-'l'vice. 

1 Jsillf:!, t.he abow tt~lllplat.(' (has!'d on [GH.JV9:1b]), Wt-' canle' llP with tbe followilll?, 
dl'sni ptioll of t.Iw COlIlll'd.ion patt(>I'll. 

CONNECTION Design Pattem 

Intent This patte l'Il allows lilles, i.e. colllwdions to 1)(> crt>ated IwtWt>(-'ll graphical 
shapl's. ft. ('xt(>lIds t.1](' Oommand dt>sign paUt->t·u. It It-'ts gl'aphical shapt-'s tl't-'.Lt 
il cOIlI1(·ctioll n-'qu(>st in tlwil' own way decollplillg tIw ct'(>atol' of tIlt' conllf'ctioll 
('(·qlll'St. from t.h(> eXI·(,lItOr. 

Motivation U!-;(·c1 Whl'III->Vf-'1' COllllf'etious éU'(,' l't-'quired lwl.wpen graphieal shapt-'s. A 
dat.a. st.l'1Ict1\l'(· is l'l>qllirc>d 1.0 Illaintaill eonnf'ctioll l'ulf's which are used to det(>r­
lIlilU' ifalld what type of a l'onn(3dion Iwtwef'1l two shapf's is legal (8hapc.<;Mat1'i.I; 
Siaie ill tlw diagJ'a1ll b(31ow). The key to thf' Command pattel'll is tlw ahstract 
COlllllland c1ass. SlIbdasses of Command ston> the tal'get of tlw l'f'qllt-'st, \'('. 
Connection, and invokt> on(' or mut'(> spt>l~ifk J'(~qllests on the tarp,t-'t. 

Applicability S(,(_· Command pattel'll, Wlwn ind(-')Jelld(»1C1' on the partÏrlllar 1'0))-

1H'd.ioll )'('c)1)(·sl. is !'t'qllired. Wlwn d(>aling with a gl'aphind edito!' t>l1compassillg 
1Ila.lly difrt'I'PIlt. shap" types that. l'an 1)(" COl1llt>ct(,d via various COlllwction slléqws, 

Participants : 

Command dl'clares a g('lw!'ie re(pwst pl'Otocol fOI' f'xecutillg tlw COlllméLIHI. 

SlIbclass('s dditw and implt-'Illent this protocol and maintain a r(-'fel'eIU'(' to 

a l'omIlHLlH\ t.al·{!;f't, Connection. Subdasses reqllest tIlt" spf>cifk service 
l'Will tl\(' cOlllllland targpt and add Htate thl'Y Ilf't>d tu carry out tht' 1't'CJllt'Ht. 

COllnectionCommand ahstracts tIlt' vel'ificatioll of wlwtlH"r or lIot a COllllec­

t.ioll lwt,w('Pll tl)(' two shapt's is legaJ. Tllf' state iuformation, Shapr,r;Mat1'i:c, 
will haVI' t.u illclndt' s!)('cifk information fol' eaeh gl'aphi(~al shapf> pail' which 
ma.y 1)(' COIllH'cL(><.1. 
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Shape 

Testl'onneCIO Shal'e2 

ConnectIons Stata 

If « 'onncctRe'lllcstO) 
COIUlect -> ConnectA () 

ExecuteO 

ShapesMMflx Stata 

If « ·oJUIC'l..ll<.C.·ll"~'U)l 
LU.Ulcci .. > (·unnc-cIUo 

Connoc::llon 

C·ttllUl"I..IAl) 

• ''''IUll"lllll) 
( ·"Inu.·" ,,",) 

Il ("huile 1 - Il"" 'l"Uh'~ 1() 

.uul '1,.llh.-2 - Il,n"''IUl\.''' tt \) 
rd'Inllnll' 

If ( ·.uull"LtI(C'llllt."'H H 
l..ulUlcod -> (·unlll·t te '0 

COllllectiollTypeX l'('spollsihl<' rOI' illst.allt.iaLilll!, LIll' ('Ollll(·(,t.i()11 tyP(' .lIld (',dl 

ing tlw pl'Opl'I' Ilwthod in 1.11<' t.éll'p;<-1. (,Olllll'dioll, 

COllllectiol1 (target) 1.1](' targl'I, is Ct ('olll\('('1.ioll shapl' Hlld IS lik('ly H slll,..lass 

of a gl'aphical shap(' rOI' dmwilll!, il Ihl(', A IIl1'thod fol' ('êldl dill'I·I'I·II!. I.y!,t· 

of eOI1J1P('t.iOIl is J'('eom nWlld(''', 

Shape Each fihape illvolVl'd ill t.11(' cOIllJ(·(,tiulI is pollt'd wil.lt n·ll·vallt illfoJ'lIIa­

tion t'(~ganlillg tite Pl'Opos(·d colllwcl.ioll. Ea('11 sll .. 1'(' will dl't.(·rlllillc· if 1.I1!' 
eonuedioll 1'('qllestl·d is IH·l'll1itted. '1'11(' sl.a.I.(· shol1lc1 llraillta.ill illf()l'lIli1.tioll, 
Cmmecti01!fi Stalc J'(~h-'vallt. 1.0 paelr HIH'cili(' ('(JJlIII'I'tiOIl t.YI)(· tllC' shape' 1'('1-

mits a.s weil ft:'! illfol'lnatioll as t,o I.!tOSI' ('()IIIII'('l.iOJl:; il. is aln·ady illvolv(·d 

III. 

Collaborations Tilt' HlIlJ('1assPfi of COIIIJ(·('I.Colllllllllld will {'adl J'I·I'J'I·S<'II!. a dif­

fprpl1L tyP(~ of roJlnc'diolJ Î.(>. al'J'ow III'ad, daHIH'd, l'I.e. 'l'II(' p,J'al'hÎ<'al slla\,('s 

involwd in tlw ('onI1Pcl.ioll a.n· (,él('h pollpr! wit.h I.IIC' 1'{·I(·Wtlll. ('OIlIl!'('1,j1l1l iul'ol'lIla­

tion. Each shape' will tlwlJ dd('J'lIlilH' if t.1){' J"(·cpII'sl.{·d ('OIlJl(·(·t,j()1J i:; !,(·l'lIliu(·d. 

Discussion TIr(· stal.p illfoJ'lIlatiolll.o 1)(· lllailll.a.ÎllI·d "y t.!w COIIIII·('l.illll( :01 Il IIIil.lld, 

fihould coutailJ dat.a. sllch as th(' 1I111J111t'1' of ill\JIlI.S/OIII.Plll.s roI' ('(JIIIII·('l.iolls, 1.1)(' 
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COIIJlPctioll I}('gill aJ1(1 (~nd positions, etc.. The statt' maintaiued hy each graphical 
sltapl' sllo11ld Iw lIs(~d hy TestColllledO to determiut' whether connf'ctions arf' 

I)(·rlllittt>d. This information is spef":ific to e.ar.h graphic.al shape. 

Implementation Tlw target, cOl1l1ection, could Iw paraulf'terizt'd III ortler tu 
avoid ct'('ating multiple COlll1edion subclasses. 

Contract Examples (,'mmcction contrad from an ET ++ application. 

See Also 
J)c,r;ig7l PaUr7'n: {;olllllland (hel'e we (lJ'(3 simply extt'nding the Command design 

pa.t t.('1'1I ) 

Molif:DH.AW COllllpctions hetwt'f'n Graphkal Shape.s (cf. section 6.2) 

Not(· t.hat, to Iw illdllded in their catalog, Gamma t't al. require that a design 

patt.(~I·J) Iw l'('pf'(~selltativ(' of good ohje.ct-ol'iented design and have a .. eal pradical 

applicat.ioll histol'y in at l(~ast two differeltt domains. We feel that the. Conuedion 

pattel'll illtl'mlllc(·d hel'(~ is of good object-oriented dt'sign and is usdul fol' our own 

p1ll'pmwH. How(~wt·, Hincf' it has not beel1 l'e.lIse(l yet in other domains, it dues not 

qllalify yet. fol' inclusion in the catalog. 

0,,1' first. (3xp(~rienct' with a design pattern was for the pUI'pose of darifying an 

illlplpl1l('nt.{ld df'sign in tht' DRA W application, Spf'ei fk aIl y, that uf Factol'y Mcthod 
d('sigll pat.t.c'l'l1. In allalyzillg the code we l'ealized that thel'(3 were collaborating ob­

j('cts, hOW(lV(ll' Wt~ !litt Ilot fully understand the l'eason why such a dt'sigll had heen 

lIs('d, Î.P. it.s int,f'IIt. Il was <fuite ohvious that the design in question was non trivial 

and had t.u haw hpell cart-'flllly thought out. Wp tht'refol'e suspected it to have a 

d('snihill~ d('si~11 paUf'rn, ypt whic.h OlW'! We had absolutely no idea whic.h pattern 

Spt'cifkally applil'd, if éLny at ail for that matter. lTpon studying the ahovp llleutiOlH"d 

cat,alog, W(~ l'<'alizpd that. thp dt'sigll under consideration matdlt'd with tlw factory 

lIH'thod. 

Tht' ahov(3 l'XiUllplt" illllstrates two majol' pl'(31'Pquisites fol' the sUt'cessful use of 

d(lsign pat.tt'I'lls, nélnwly, a ft'aIl1Pwol'k and/or applications whose design is hased on 

d(lsip,n pat.t.c'l'Ils and a. catalog df'sni bing thost-' dt'sign patterns. Once thf'st' prerequi­

Nit.c's an' Nat.isfic'd, wc' s\:,(' t!ut"t' major ways to make use of df'sign patterns: 
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Blueprint - as a ~l1iding blueprint to int.rodnCt' a IH'W dt'sign; 

Reference - as a rt'f(>rl'nfe lo t'llS1l1'(~ that hit-'rarchy r('Ht.rl\ct.llrin~s alld/ol' dasH 1'1'­

dt'sigllS do 110t affpct behavioral collahoratiolls; 

Understanding - as a means to nlltlt'rst.and tht-' Ilnd('rlyil1~ frallH'work and/or ap­
plicatioll(s) developed from it. 

Pattern identificatioll remains as 01H' of tlH' f1llHlanH'lIt,al )ll'Ohl('IlIH ill IIsill).!; dt·siv,1l 
pattel'11s for the purpose of Understanding and Reference. Wt' tht'I'('fol't, SIl).!;!!.t'HI. 
that new design implement.ations indndt' an idplüificatioll of tIlt' /!,Ilidinv; paU.'I'1I ill 
the rompollent dassps. This woulc.l a\low OIW to ('<lsily idt'lIt,ify LIu' ('Ul'I't·ct. pat.t.t·1'I1. 
This is ullfol'tul1ately not the end of th(' story, for aft.l'r having idt'lIt,iHt'd t.h(' pa.Ut·l'lI, 
it is likely tbat one realizl' that therp arp more COmpOIH'IIt.S involVt'd ill t.J1(' collalHII'a­
tions than origillally identified. This wonld tlwrdol't-, l't>quirt' perfol'lnil1!!. t,ht' opposÎt.(· 
identification assigulllent j,P. identify tlH' rt-'st of the implt'IlH'lIt,at.ioll COlllpOlIl·lIt.H 
involved in the behavioral composition. To this ('11(1, WIU'II illt.rodllcillg II('W cJt'si!!,lIs 
guidpd by a pattern, Blueprint ust', the application c1ass and Ilwt.hod IIlUIH'S illvolv(·d 
in tht' pattern shonld incol'poratt' the dass/nwt,hod na.llll' as givt'II ill t.Jw dl'Hip;1I pat.­
tern. This has the advantage of making tlw dt'sign paU('I'11 alld hl'lI('t· t.hc· illvolVC'd 
dassps and methods easily identifiahle. COlllllliug had:. 1.0 t.he' "',,('t.ol'y M(·t.ho.!, wc' 
arp cOllvillced that, if this had heen t,hl' ca.c;p in t.h(· dt,('d (·XéLlIlplt·, Wc' wOlllcl ltaVl' 
murh faster idelltified tlw dpsigll as ail illstallt'(~ of t,lJ(' Fad.ol'y Mt't.hoc\ pat.t.(·I'II. 

These simple suggestions would allow OIW tu <Jl1iddy 1'('[('1'('11('(' t.!w l't'Ic·va.llt. pil.t.­
tt'rll(s) and subsequently aU illvolv{~d compOllents, l'psltlting in a 1111ldl J,t't,t.(.1' IIl1d('I'­
standing of the design implt-'l11t'ntatioll as wpll as an ovc'I'all 1't·1I11et,ioll ill t,lH' t.illl(· 
req ni l'ed to do so. 

Wp agl'l'e with Gamma that tl'Ut' dt-~siglJ pat.t(~l'Ils an' SlIppOSt' tu lit, v,('IIt'rally a.ppli­
cable. Howevpr, we stl'Ol1gly sl1gg(3st that. d(~siglJ patt.t'I'IIS 1)(' d('v('lop('d fol' 1'1'il.IllC'WUI'I<­
specific designs as weil. Franwwol'k sp(~('ific desiglls patt.(~I'IIH will pOHsihly support, t.!H' 
dt'sign of nunwl'uus applications built 011 top of t.hp pal't.Îculal' fra.m(·wu!'k and t.ItIlH 
yif'ld a big payoff. 

We are currently plaborating ET++-sp('(~ific I)('haviol'a.l ('ompositiuIIH illt.o sllch 
fl'ault'work-spt'cific design pattt'l'Ils. FOI' instal)(,(" ET++ haH ils OWII lI11iqlll' start.-up 
requirenwnts for each application. TIl(' main pl'Ogl'am CI'('at('s ail Applimlio1l, ol,j(~d 
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alld l'ails t!J(' IlUtt llH'thod fol' that ohjert in ol'dt'r to hand over control to ET ++. 
This p,('Il('ral start-lIp bphaviol' is d('pidt>d in flgurf' 7, which is a exct>rpt from 0111' 

/.;'/'++ ,c;larl-11.1J d('sign patt.I'J'Il, tlw figurp also shows the illtel'llal bt'havior of tlw 
Applicat.iolJ c1ass, d('pict.illg tll(> intpl'llal nwssag(' passing path ulltil tlw DoMakd)oc-
1Ill1('llts IJwssap,(' is ('v(mtllally s(~nt.. This patt.PI'Il has alrt'ady provt'n lIst'fl1l. It lwl}wd 
I.W{) I)('ople who n·('(·nl,ly joitwd 0111' gro1lp, with no prior knowlt'dge uf ET ++, tu 
(plÎddy undl'I'sl,étnd ET++'s st.al't-lIp workillgs, 

main(int urge, ehar **argv) 
( 

largetApp(Iugc, argv) RlIn() 

1 MakehlltManagerO J----------i 

~===============:~ : , , ----NewMMnger(rnamJ)ocllmentType) ---- - --j 

1 

::j Lu __ _ 
Ll~)I~.M~~~eM~a~n~ag~cr~(t~yp~e~) _____ ~~ ~ ______ _ 

Application 

RlInO 
MakelmtMwlager() 

NewMan3gerO 

l 
'""'4 ,- ------- -- DoMakeManagerO 

LI~)I~,M~ak~el~)Il~~~lrn~e~nt~'(~ly~p~e) ____ ~~ ----~ ~~~~~~~ 

largctApp(1II1 argc, char "Iugv)' 
Apphcalioll(argc,argv) targetApp 

1 } 
~---------- largeIApp() 

L-____________________ --J 

,- - - - - DoMnkeDocument\< 
1 

relurn ncw t .. lfgctl)oclIlllent ------, 

F'ig\ll'(' 7: ET++ Ht.al't-llp IH'havior for an application, targptApp 

J)PHign pat(.('I'tlH I,('IHI 1,0 1)(' di fficll It, to Iludt'I'stand in isolation) mainly lwcallse of 
tllt'il' high 1(·v(·1 of ahstraction, This high-Ievel of ahstl'action is howevel' intpntional 
allt! indf'pt! J'('qllir('d in ol'der to PtlSIlI'(' wide applicahility, A morp detailt'd fOl'm uf 
('xpl'('Hsiotl wOllld ilOt. Iw optimal fol' l'eIlS(" since it wOllld Iw diffkult tu separatp tilt' 
individllal d('sign factors, i,(', t1lP involved ('ompotwnts: dasst's, nwthods, instanct' 
val'iahl(·s. Cons('ql\('nt.ly, it. WOllld lw ditficuJt t.u ul1d('l'stand and adapt a pattel'n 
t.u flll.1l1'(, d('sign ('otlsid(·rations. Abstract design vat.te1'l1s allow designel's 1.0 t'dit, 
(·ulllhint'. 1'('IlIUV(', ('te, t.ht> invo!v('d ('ompollPnts and 1.0 come IIp with uew design 
i III ph'IlU'I\ ta t.ions. 

I>('si~n pat.t.('l'IIs \>t'('OlllP \llllch d(·étl'('I', when they al't> accompanied hy t·xamplt> 
Îlllplt'tllt'11l.atioll ('()(It .. "VI' Ilt'Ii('vp thal l>xamplps, as descrihed by Contracts (set' llext 
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sf'ction), IlPlp df'sip;lH-~rs l111dt'rstand SOlllt' of tht', illt.t'lIdt'd dt't.ail~ IH'hind thl' dt'~ig", 
For this rt'ason wt' have Illudified t.ht~ dt'sip;n pat.t,t'I'II t.t'Illplat.t' orip;illally pl'OpoHt'd 
hy GamIlla et al. to inc\1\de t.1l<' ~I'ct.ioll Contract. Examples. ThiH Hl'diOIl iH 
intel1df'd ta make n-ff'J'(-'lWt' 1.0 ditft'l'!'llt COlltl'actH t!t'wIOpt'd fl'olll t.11t' d('si~11 paUt'nl 
in question, 8eluw, wp will introdlll't' (\l\Itra('t.H and dPHniht, é\ (;on\.ract, clt·\'t'Iopt'd 
fWIll thf' Conurcf.ùm d(3sign patt('I'II, 

4.4.2 Contracts 

Dt>sip;ll Patterns descrilw fl'iLl1lt-'WUl'k d(3Sip;1I al. a vt'ry Iti~h kw\. '\'0 t'a~t' t.llt· t!('l'ivat.i(ln 
of conaf'tf' df'sip;n from tlH'lll, an int.(>1'1l1t'diatt- J'(·I))'(·sl'lltat.ioll iH l't·q1\il'l'cl. ort,t'Il t.ltt·Ht· 
internlPdiatf' rf'prest'ntatiol1s art' ca.l\t'>d Contl'act.s [lIIHHlO, l\oHl~], 

A COl1trart is simply a cOllst\'lld fol' ('xplicitly sp('I'il:yin~ intt-rildiollH aillOli)!, 
groups of objPc1.s, Rf'ct'lIt. lit(~ra.t1\l't' r('('op;nizt's t,J\(' import.all!'!' of o\'.ÎI·d "dlaviol 
collahumtiuns [WB.J90] and 1'I-'spo\Jsihiliti('s [WBWW!}O]i l'tllll.\'adH fOllllaltzl' \.h(·:-;(· 
collaboratiolls and hf'havior l'(-'Iatiullships, 

Tht>\'(-' is a. dt'finite lack of COllS(-'nSllS amonp,st 1.ht· illvolv(·d \'t's('ardu'l's ilH 1.0 ('011 1. l'ad 
fUl'malisms as wt'II as to tlwil' l<'wl of ahst.ra('t.ioll. Th!'\'(· 1\aV!' IH'('ll IlIfllly at.t,t·II1Jlt.S 
to dt'scrilll' contrads. Attl>mpts tu IISP spt'cial-plll'posl' pl'o/-',rallllllill)!, lall!!,I1:1/-',I':-; Itav(' 

not bt-'~n sllcc<-'ssflll to datt-' [Hu19~], Most. 01.11,,1' apPl'oac!lt's, illdlldill/-', (lIlr OWII, an' 
hast'd on informai notation, mostly SOIllt' rOI'\11 of pS('l1«1o ('mit" 'l'II<' COllt.rad 1.1'1111'1<11.(' 

)JI't'st>l1t~d in figUl't' 8 i1Imtrat.('s o1l\' t'Ont.ract. dt'snipt.ioll t.f'I'hlliql\t •. 1<:11.1'1. 1'0111.1';1,«'1. 111'­
gins witb cl'oss-rt>fel'ellct's 1.0 tlw pert.ilH'llt, d('sip,1I pat.t.t'1'lI alld/ol' '/IIO/U(S) , Th"ll, il 

spt of participants (dasst's) with (>adl part.icipallt having it.s oWll sd of (·ollt.raC'l,llal 
ohlip;ations is given. Tlwse ohligat.ions ('all 1)(' boUI t.ypl' uhliga.tiolls, wltt·J'(· t.ltI' ptt\'­

tiripant must s1lpport ct'rt.ain variéLhlt's and (·xt.pl'lIal illt.(·l'fan·, aJIII t'(I,lIsal obligat.iolls, 
wh("'l't> tilt' participant. mllRt pl-'I'forlll <tn ord('\'('d St'qlll'I)(,(' or act.iolls, Also, C'ollf.rads 

may defillt' invariants that. participallts JlI1\st ll1ilillt.aill wllt'Il l'ooIH·ra.t.ill/-'" Fi Il a. Il y, 

('ontl'acts may spt'cify }l1't'fOnditiulIs on participant.s 1,0 t'st.al,lisll tilt' ('ollt.r;lC'f. alld t.h .. 
nwthot1s r('quil't'd for tIlt' illsta.utiat,ioll of Utt· ('(JlIt. rad , 

Wt' havf' maÎlltaÎlwd tl\(' origillal thc'ory l'''''iull l'ollt.rHl'f.s, howt'vc'J' Wt· ImvI' 1101. 

st.l'ic1.1y adberf'd tu tlwir (val'ying) rorlllalisllls, OI1I'S is rllo\'(' or fi. PSt'UdO-"Oc\I' st.yl(· 

wit.h adaptations fOI' tIlt' s1\pport. of OUI' fmllu'wol'k r!pst'I'iptÎol1 t.t'r!tllicIIWs, 11f1I1J1'ly 
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CONTRACT NAME 
The name of the contract is very important. It should clearly convey its Intent. 
As thls name will become part of the design vocabulary, it must be chosen carefully. 

Pertinent Design Pattern and Motif(s) 

Identlfy the design pattern abstracting the contract's design Le. If of course one exists. 
Identify the motlf(s) within whlch thls contract Is Involved i.e. If any at ail. 
Participants 
A participant may elther be Active or Non-Active. 
Non-Active participants support type obligations oniy. 
Active participants support both type and causal obligations th us maintaining 
Non-Active participants. 
Partici.Jant(s) Pseudo Code Details 
Each participant details ail type and/or causal obligations I.e. the class data members 
and methods (in pseudo code) Involved ln the contract. 

Invariants 
Definition of the invariants that participants cooperate ta maintain. 
Instantiation 
Indentification of the preconditions necessary to establish the contract as weil as the 
methods for its Instantiation. 

Figure 8: Con trad telllplate 

t.lIost' uf dl'sil!,l1 pat.t(>rns and motifs (cf. chapter 6). U llderstanding how tht-' par­

t.icipantH int.erac.t via mesHage passing (nwthod ealls) is th(" iutent and importance 

of U1II' cOlltmct df'SC1·iptions. In reading a contract Ollt:' should therefort" Bot expend 

1.00 IU1\ch ('frort in IIlHlerstauding inc\uc\('d implelllentation details. This beiug said, 

W(' an' 1I0W rt·-'ady 1.0 illt.rod1\cf' a contract extracted from Macrotrc. For the sake of 

),n'vit.y, W(~ »)'("S('lIt t.he contract without its participant 's nwthud implementations. 
W.' rd.", t.J)(' l'(-'adm' 1.0 aplwlldix A for tht" cumplt-'te l'('presentation. 
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CONNECTION Contract 

Pertinent Design Pattern and Motif( s) 

Design Patte 1'71: (:on IH'ctioll 

M otif(.'I): nOllt' 

Participants 

Active: 
Command 
Shape 
Shape 

Non-Active: 

ConnectionCommandRequesti 
Shapes; 
ConnectionShape; 

MatrixConnect in ConnectionCommandRequest 
Connection in MatrixConnect 
ShapeConnect in Shapes 

Participants Pseudo Code Details 

ConnectionCommandRequest supports [ 
matrix : 2DArray(HatrixConnect) 

] 

Legal(begin:Shapes.end:Shapes):HatrixConnect{} 
TrackMouseConnectRequest(begin:Shapes.end:Shapes. 

connectType:int):boolean {} 
BeginExecute(begin:Shapes.end:Shapes,connectType:integer){} 

Shapes supports [ 
value 
Coll 

Value 
: Array(ShapeConnect) 

GetValue():Value { return value} 
TestConnect(connTypeInfo:Connection.other:Shapes):boolean {} 
Search(conntype : integer.ShapeValue : integer):ShapeConnect {} 
Create(conntype: integer. ShapeValue : integer): void {} 
GetConnPos(Origin:Point.Extent:Point.conntype:integer • 
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] 

ShapeValue:integer):Point {} 
UpdateIO(conntype : integer. ShapeValue : integer):void {} 

ConnectionShape supports [ 
NewConnection(start:Shapes,end:Shapes,matentry:MatrixConnect){} 
Draw(BeginPoint : Point, EndPoint : Point){} 

] 

MatrixConnect in ConnectionCommandRequest supports [ 

] 

conne ct Array(Connection) 
begin-origin 
begin-extent 
end-origin 
end-extent 

Point 
Point 
Point 
Point 

Connection in MatrixConnect supports [ 

] 

conntype 
max-begin 
max-end 
relShape 

integer 
integer 
integer 
GraphicalShapes 

ShapeConnect in Shapes supports [ 
ShapeVal integer 
conntype integer 
count integer 

] 

Instantiation 

ConnectionCommandRequest -) BeginExecute(begin:Shapes, end:Shapes, 
connectiontype : integer) 

An Overview of the (~01mcd ion contract 

NoUe!' how W(' idplltify tlu.l dpsigl1 pattern ahstractillg tilt' contl'act's df'sip,n, if ont> 

t'xis\.s. TIH'l'l' a.n' thl'(,t-' act.ivc' participants in tht' contract: Connt'ctionComman­

dH('qIH'St., Shapl>s, and COlllwrtionShapp. Tlw thrt'e non-active participants Matrix­
(:Olll\('('t, (~()l1l}('(·t.ion, Sha})(,Colllwd al'p data strurturt's, i.e. participants with typf' 
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obligations ollly, maintail1('d by othf'r participant.s. W(, ha\'(' illt.l'OtlIICt'd Uw idp,1 
of Activf and Non-Activf participants in ordl'I 1.0 allo\\' Art i\'(' part.icipant,':.; t''vPI' 
uhligations, i.e. Non-ActiVl' participant,s, tu 1)(' l'XI)J'('sSI'11. \VI' rl'alizl' t.ltis atlds illl­
plf'llleutation details howewr a.s long as slIch ,'llalf dl'srriptiulls an' l't'st.rict,t'd t.u t.ltOSI' 
identified in tilt' design pat.tt'rtl, t.hl' lIndt'rsta.nding of hot.h t.11t' c11'sip,1l pat.t.I'1'1l and 
contract, and the J'(3latioll lwtwt't>n tIlt' twu, shunld IH' impl'OvI'(1. 

ConnedionCommandHt>qllf'fit :mpports an import.ant. t.yP(· ohlip,at.ioll, 1/1/11"/,,., il 

t.wu-dimensiol1é11 al'l'ay strllct1ll't3 of typl3 Matl'i,rUOlll/f'(·I. '('ht, mat.rix is st.at.il' aI\(l t.lw 
information it maintaillS, Matl'ixCol1l1t-'ct, is IIst'd t.hl'OlIp,hullt. t.!\(' (,ollt.ml'l" passl·d liS 

arguments tu uther partieipé~lItS. TIlt' Matl'ÏxCulIlIl'ct. st.l'llct.lIJ'(' is dl'snilH'd al. t.h(· 
t-md of the contrart, 

The rontrad is instant.iated one(-' t.1H' Illl'ssagt' H('.fIi1l.B.I·(,(·/I,1 (' is r('('I'i wd hy t.Ilt' 
COllllPctionCollunandRe(!1wst participant. This willlt'ad t.u t.1)(' sl'lIdin/!. of a. IIlt'Hsagl" 
TfstConucct, to hoth graphiral shapI's il1volVt'd in t,l)(' COIlllt'ct.ioll. De'I)('lIelillp, 1111 1.111' 
result of the TestCol1l1ect cali, Nf'wC:OIl7lrclion, l'01l1d 1)(' HI'IIt. 1.0 (!olllll·ct.ioIlShill)(· ('01' 

the purpost-' of crt-'ating tht-' colllwctiull. 

The ShapeR participant, also SlIppUl'ts an import.ant. t.ype ohli/!,a.t.ioll, C'oU, a. sill/!,h­
dillWllsional anay stl'uctll1'(' of t,yP(' Shnp('Uortw'ct. TIlt' al'l·H.y iH dYIIHlllÎl' H.JIII t.llt' 
information it maiutaius, ShapI3Colllwct., is IIsl'd ollly withill t.ht' ShapI'H partiripalll.. 
An array entry will be Cr(3éttf'd fol' (-'aeh difrm·('Ilt. cOIllIt'ct.ioll t.YPI' alld il ('OIlIlt.I·I' fOI' 
eaeh will be maÎntail1t-'d in ol'del' tu kt>('!l t.mek of 1.1)(' 11111111)('1' of COIIII(lct.iollH of 1',\C'h 
pal'ticulal' type. The Shapt-'CoIllH'ct Stl'1lct.1\I'(1 is dPHnilwd al, t,l)(' ('lId of 1,11<' cOllt/l'ad. 
The method Tf'stConnect is rf'spollsible for dt'l,('J'lllilling if t.11t' C(JIIIII·('t,ioll is pOHsihll' 
at that time, fOI' that pal'tÎc1l1ar "ot\WI''' shap(' al,,1 cOIIIII'dion typl' l'(·qlll'st.(·d. 

Tht-' Nt-'wConnection pal'ticipallt iH faidy Htraip,ht. fOl'wmd. II. s('lIdH a. III1'SHflW' 
tu each gmphical slutl>p, Gf'tConnPos, fPqu('stillp, that. t.lwy ('alntlat.(' tll(' ('Ollll('(,t.ioll 
points fUI' t.lw dmwing of t1w COIIII('ctioll. 

An important ff'aturt-' lert t.o nwntion is t.Imt. of ('(",tract. ('(mfol'1I/.{t1/,(·'" (:ollful'­
l11étllCe dedarations art' sp(3('ifil'atiollfi of how classl's an' ('V('lIt/llally IIHLppe'" 1.0 partjci­
pantR in a ("Outra!'t. Confol'ma1H't-' dt,claratiulls allow tilt' t.ypillp; alld cali sai obligatiolls 
uf collt.raets, tu Iw sat.isfil,d hy t\w palticipants, t.u 1)(' disl.rij,III.('d 'I.IIIOII/!, 1.11(' Î1l1pl(l­
nwntation of an ahstl'act class and il.s suJ,dasH('s. A (·ollfOl'III<I.lII'(· dl·(·lal'at.ioll IIIIISt. 

therefol'f' df'c1al'f' t-'xplicitly whirh oJ,ligatiolls art' flllfill('d by t.1)(' abst.racl. ('Iass alld 
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which by the suhrlasscs. This aspf'ct of confol'mau('e declarations, llndel'stalldillg tlw 

Împh'nwntation depC'IHlenCÎt's hetwe(~n abstl'ad classes and thf'ir slIhelassf's, is a fea­
tm«' that wC' 1)(~li(·V(' ('o1lld improw the undprstandahility and heurt> lise of ahstrart 

dassps. 'l'hl' cOllforlllalWf' dC'darations hdonging to the Conncction colltract follow. 

COllformance of r:on1lcdComm.mulllcq'Ucst participant 

class ConnectCommand conforms to ConnectCommandRequest in Connection 
ConnectCommand supports 

Matrix of MatrixConnect 
TrackMouseConnectRequest(Shapes,Shapes) 

requires ALL subclasses to support 
BeginExecute(Shapes,Shapes) 

end conformance 

Conformance of Shape,'; participant 

class Shape conforms to Shapes in Connection 
Shape supports 

Array of ShapeConnect 
GetValueO 
Search(conntype : integer,ShapeValue : integer) 
Create(conntype : integer, ShapeValue : integer) 
UpdateIO(conntype : integer, ShapeValue : integer) 

requires ALL subclasses to support 
TestConnect(connTypelnfo:Connect,integer:id,Shape:other) 
GetConnPos(Position Point,conntype: integer, 

ShapeValue : integer) 
end conformance 

COl1fOrmallce of (:01UleclionShapc participant 

class LineShape conforms to ConnectionShape in Connection 
LineShape supports 

Draw(Point,Point) 
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requires subclass to support 
NewConnection () 

end conformance 

class Connection conforms to ConnectionShape in Connection 
inherits from LineShape; 

Connection supports 
NewConnection(Shape,Shape,MatrixConnect); 

end conformance 

Contl'acts art' an illtt'I'nwdiatt> rf')lI't'H(,lltatioll hd,Wt'('1l a. mi('\'o-.uThit."I't.IIJ'(' alld 
its rUl'l'CHpOllding design patt("l'll. A ('olltmct Cati t.h(,I'('fol'(~, hut. ilOt. IH'('(':-ISHl'ily (J'(.f(.1' 
to path C figure 9a»), he an intel'llwdiatt' dt>v('luPIIH'II1. "('qllinmwlIt, wht'Il applyillf.!. 
a design pattern to the creation of a IWW miCl'o-al'chit('c!.IIJ'(·, II. iH, how('v('f', ahso­
lutely necessary to develop a cOlltmct as an intl'I'nwdiat(' Ht,aKt' ill t.11I· d('VI'I0I'"H'III, of 
a design pattel'l1 fl'om a mirro-al'chited1ll'(' (pa1.h C of figlll't' Ba) is uniclil'(·('l.iollal), 
The fad that Wt-' alluw mÎcl'o-al'chitt'C'tIlI'('S t.o \)(' d(1Vl'lop('d di l'l'I't.ly 1'1'0111 a /l,1I id­
ing design pattp.rn, cuntl'adicts the 1tsag(' IH'Opusl'd hy I-Idm d al. wlU'J'(' ('ullt.ract.s 
are first-class objp.rts in a IIp.w design pamcligm, inlc'radim/.-orif'7l.lt'tl clt'Hi/l,II, J)t'Hi/l,1I 
thml becomes a two-step pl'On"8H, wheJ'(~ llt'havioral COlllpOHit.iollS éLl'(' fi!'Ht. c"·'illC'c! via 
contmrts whic.h are in tUI'Il fadort'd illt.o c1aHs dt'fillit.iolls anc! hi(·I'H.I'C'hic'H via. t.11t' ('011-

tract's cOllfol'lllH.llCf' declal'ations, Ol'Ïginally, as 1lH'lItiolH'cI ill t.1](' illl,l'OcllIC'l.iulI of I.his 
section, a programming lang1\agt> was (~Ilvisagc~d, f(JI' t.he' cldinitioll alld ill:-lt.a.lIl.ial,ioll 

of cOlltracts. Such a language woult! Hhift pl'OJ?;rétllllllillK 1'1'0111 t.1H' c1as:-I h'vd III' 1.0 1.111' 
intf'ractions among the mol'(" ahstract ohjPdH uf cont.mcts, 

However, aH Holland [HoI9:l] has Ilut("cl, f'Htahlishill/l, CL formai ('OI'l't'C't.IH'SS nil,('f'ioll 
to verify conformallce declal'atiolls at compile tinH' iH a difrÎt'ult, !,l'ohl('III, Clll'rC'II1. 
support for the alltumatk gp.IH'mtioll of eontracl. i m pl(·Illt'IIt.at.iolls llIay :.;01 Vt' t.h is 
vel'Îtkation problem, yet at the COHt. of shifting tilt' 1 III rcl l' Il of dc,t.aiJt.d c'ollt.rolloS!,ic· t.o 
the specifkation aud IWllce to the dPHiglH'I' inst.(·acl of 1.0 IJIt' Împlelll(·IIt.a.t.ioll, 

Specifyillg a cOlltrart for the purpOHt' of éLlltolllatic illlpltmH'lIt.at.ioll p,t'I)(·mt.ioll 1'011-

Hequf'utly rf'quireH that cOlltractH be Vt~ry dt'taih'd. III oUI' opillioll, t.!1(':-w :-11'1'(":-1 would 
he too detailt-'d and would 1'f"'8pmlllC' tlw adllal cod(' illlpl('llIt·"tatiol ilJ tI)(' fl'alllf'wol'lc 
Thus thf' ultimatf' pUl'pOHt> of im)ll'Ovinp, Ulldt>I'Hialldahilit.y, would 1)(· (t.~f('at,(·(1. Wt· 
seriously doubt that cuntradH will ewntllally \)(' 1.1)(' ImHiH of a. progl'allllllÏlIS!, 1 ... 11-

guage, Wf' do hUWf'V(~I' f'nvisagt' cOlltmcts as a IIs('ful l' 01'11 IH.I i:-l III t.o (~XPI'(':-I:-I high-It·vd 
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:'qwc:ificat.iolls of ohj"ct. Iwhaviol', with emphasis on the minimum detail requil'f'd to 

(~xpf'('SS oh jeds' (pal'tki pants') i ntel'actiolls. 

Contract.s ma'd to d('scri\w frauwworks in this way pl'Ovide the application desiglwl' 

wil,h: 

• a vo(~ah1Jlary with which to descrilw the application; 

• I.hl'OlIgh confol'll1a.lI(,(" d(>(~laratiolls, tllP identification of the application-sp(~cific 

c1éLsf{(>s, variahlC's, nwthods, and hooks fol' cllstomization, allnt'Ct-'ssary for idt'n­

t,ifyillg, mainl.ainillg and Ïtnplt'l11enting a Iwhavioral composition; 

• Imowledp,e of, and a better UlHIf'l'standing of, illdividual mino-architectures 
P1'<'S(·1I1. ill th(~ lInderlyiug framework, th us improving tllt-' und~rstanding of tllP 

oVPl'éll1 fl'anwwol'k; 

• gllidanc(' wh(~n l'efadol'illgs affed participants in a contrad, as fol' instance, 

during micro-architecture design iterations. 

(!ontrads should not 1)(" taken as a ll}('anS to ullderstand th~ fllnctionality of classes 

and n1<'t.hods. A dass may participat(> in ll1any contrads, its total fuuctionality being 

s(>pamt.(>d int,o ditfer(>nt ('Ontexts thus nmking it difficult 1.0 assimilate and llnd~rstand. 

Also, Ilu,thods dt'scrilwd in eontrads specify the minimum actions l'equil'ed, i.e. th~y 

llIay adllally imph'lllt'nt more than that described in a ('olltrar.t. Indeed, the sanw 

nwt.hod may conforlll to more titan one action body of a contrac.t participant. This 

typically 0('C1ll'S wlH'lI the class to which the method belongs to pal'ticipatt's in IllOI'(> 

than 0Il<-' (·()J)trad. If one wants 1.0 thoronghly llndel'stand a c1ass and/or nwthod, 

code illsJwdion still rel1lains the most precise and sure way. 

4.4.3 "Design Patterns and Contracts in concert" 

Th\' Jl"('violls s('ctions dl'scrilwd the techniques of d~sign patterns and contt'acts, botl) 

lIs('c\ for tht' high-Ic-'wl desCI'iption of hehavioral compositions, ll1iCl'o-ar('hitedllr~s. 

They art' howt'v<:'t' diffel'('llt in tpl'lllS of theiI' lewl of abstradion in theil' descriptions. 
I)('Sigll pattpl'llS art:' of course higher in abstraction. We do see both as df'scribing 

int.t','actions among groups of obj(>rts, how(>ver, a contract l'~pres(>nts but one imple­

lllC'lIt.a.tion/interprt-'tation of ct behavior composition. As depicted in figure 9 h), a 
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design pattern may be applit'd to many difft'I't'ill. eont.l'adjmit'ro-al't'hit.t'ctll\'t' illlplt'­
l11rntatiolls, and Wf' hav(" a Ollt' to many (I:M) rt,tat.iom:hip, AH ail allalogy, if 1 Hskt'd 
a group of peoplr 1.0 writt-' a codt' spgnwnt. t.u rt'Vt'nw a. singlt'-linkt,t1 IiHt., t.ht' Ctldt' 

segnwnts would nndouhtrdly all br ditft'I'ent. yl't t.1H'ir p,t'llt'l'Ht strlld1ll'('s wOllld ail 
1w similal', Dt'sign pattt'rns l't'preseut tllt' t'xpt'rit'nn' alld illtt'Ilt. ht'hillt! t.llt' dt'sip,1I uf 
a \'hroad" micro-a.rchit.<-'cI,lln' spt't'Îfyinp, only tll(, major st.r1ldlll't'S, This hwad vit'\\' 
may tlWll 1w interpn"tf'd and 1't'litH'd 1,0 t'vt'tlt.nally f01'1ll a. dt'sigll t'OIlt.l'ilt't.. A l'Ollt.lal'l.. 
on the otlwr band, dt.>seriht's one and only Ollt' miCl'o-ardlit.t·('I.III't', alld COIlVI'I'Ht'I,v, i\. 

mÎcro-architt."d1ll'l> is the implell1(>lltation of OUt' alld ollly ollt' t'Oll t rat'!, (\: \), II. is 
therefore possible to have sev{>ral collt.racts t'x\)J'('ssillg t.ht' illt.('lldt't1 ht'ltaviol' of li 

single design pattern, thns Illldel'lillillp, t.1lt' ('xpn'ssiV!' \lOWt'l' of d('sigll paUt'l'lIS, 

Con',.",' 
l'nrtILill"·II", 

Figure 9: Description of mkl'O-al'chiü,ct,nJ'('s: t!t'WIOpllH'lIf. paths a) a.lld J'(·lat,iollships 
b) 

In developing a mkro-architt>CLUJ't> From Ct dt'sigll pat,t,t'I' 1 1 , tlt('J'(' ilrc' t,wo ways f.() 
proceed: 

Directly, path C - To do so, fully llllt!pl'st.andillg t.lw illt(·llIh·d l)I'haviol' hdlÎlld tilt' 
pattt>1'll is eSS(3IltiaJ. Thpl'pfol'e Ollt' will 110 dOIl!,t 11('('d t.u J'(·fc·1' 1.0 IH'C'viollsly d(·· 
sc.rihf'd ('ontradjmic.1'0-al'chit('c:t1ll't· pairs Illt'lIt,ioIWc\ ill l,II(' (,'(mt7'fu'l E:u1,1uplr·.'I 
part of tht." design pattern templat.t', l'I~fc'r t.o (ligu/'(' (j)j 
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Through an intermediate contract, path BA - The fil'~t stpp lH-'re is tu tl'y tu 
Hlld('l'stalld tlw patt,(~1'JJ with tlw hel]> of previulI~ly d(3scrihed }whavioral 1'0111]>0-
sil.iolls i.(·. of,lwl' contract/ll1icl'O-arc,hitf'rt1lrp pairs. Tlw next st(']) is to d(·wlop 
LI)(' pat.tpl'll as a colltract alld fador it into th(> c1ass hi(-!rarchy via conformancf' 
d(·darat.iOlls. Tlu'n, as t.lH' implenll'Ilt.(·d mÎc.ro-architectur('" d(3sign it("'rates, Ow 
dl'snÎbiug cOIlt,l'act. shollid Iw updat,t·d to reH(>ct, t.he design. This update timing 
dpsigu it,,,rat.iolJ is d<,]>icted hy tl)(3 daslwd al'I'ow A in t.h(' diagram. 

III d('vf'lopillg a dpsign pat.t1'1"tI fl'om Cl mirro-architpctlll"(", tlH-'I'(> is only OIH-' way 
!.o IH·()("(~I'(1. 1"1](')"(> a)"(> howpv('1' two distinct. stt-'ps in the pro("('ss. Th(" first. st,ep is 
1.0 .ll'slTilH' t.lw miCl'o-archit,('>dur(> hehaviol'éLl compositioll hy a cOlltl'act. In doing 
HO, (l, .Ic'sig/H'r may /'(,éLliz(' t.hat. the miero-architectuJ"(3 d(3sign c01\ld tw improve(l. 
III fa,ct, , descrihinp, the cOlltract will mot.ivat,e 1.11<" d(3velolwr to go }lI'yond conn,(o·tp 
ohj(·d.s, i.(·. if. forCl's one 1.0 tho/'OlIghly IInd(3l'sl.and ohjpct intpract.ions and 1)(31)('e 
ohj(·ct.ify cOllcep!.s which ar('" ilOt, imnwdia.t.(3Iy appan>nt as objectH in th('> prohlplll 
(IOllmill. Improving tl)(-> micl'o-al'chitpI't1ll'(' dt'sign and suhspquently updating t1w 
cont.!'a.d. l'l'slllts in it.(~/'éLtion a.s depic.ted by the daslH'd arrow A in t.ht> diagram, This 
it,('ratioll 1>/'OC("ss should continue lIntil a st.ahle d(3sign is l'f'ached. If thf' df'signer 
t.11I'1I l'(>a.lizl's t.hat tl)(' helléLviol'al composition in qu("stion has pot(~ntial fol' hl'()ad(-~l' 

applkahilit.y, tlw /H'xt st.ep of desnihing a. d("sign pa.ttpl'll should Iw takell (arl'Ow 
B). If 1101., how('wr, th(3f'(' is ahsulutely nothing lost, Î.f' tlw PI'OC("SS of descrihing the 
('ont.nu't. IHul ohviolls Iw!wfif.s. Also, a cOlltl'ad, in a contl'actjmic:ro-al'chitel'tlJl't' pair, 
wit.II or wit,hout, a COlT('sponding dt>sign pattt"I'n, will have the sanw potpnf.ial for US('> 

as t.h", .. st,at,(o'd for d('sign patt,t"'l'lls, i.('>. Blueprint, Reference and Understallding 
(H('(' H(·ct,ion 4.4.1), 

It. is i mpol't.ant. t.u Ilot(· thaf. Ilot ail cont.ra!'t /micro-al'ehit.ect ur('> pa.i rs wi II !HlVl' a 
d('HlTihillg d(o'Hip,u pat.t.(·I'll, in facl. W!'y fpw, A t1'11t> d(3Sip,n pattel'1l will 1)(-' non-trivial 

a/ld williw applicahlt· f.o seVl'l'a! applications [GH,JV9:la]. This agrees with t.he daim 
maclp hy Biggt>/'Ht.aff [BrUn] that. the broad st/'1lctur(3S (partial mkro-al'chitf'ct1ll'ps) arf' 
hi~d"y /,(·IIHahl(· and thal. t.h(> dt:'t.ails t.ypically art:' Ilot. Tbe broad stl'1letures mUHt be, 
at, a hip;h-Ic'wl, P/'('cÎst'ly d('scri1wd, whi!e t!w details must tw left illcomplete and par­
t.ially a III hip;IlOllS, This is ind(-'(-'d sllpport(3d by tllf' on(3 to many relationship hetW(~Pll 

a pat.t(·/'II and tlw l'olltmctjmicru-architeetllre pairs, illdicating tlw high r('usahility 
of pat.t.l'l'lIs. 

W(· cOllsid('!' dpsign pat.tf'l'ns and contract.s aH va!llable Ilwans to simplify and 
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guidf' pxistinp, ob.it"~ct-uri('nt.ed dt"'sip,ll nH't.hods [HBP+!lI] [\VBW\V!Hl] [BllU!lIJ. III 
fact, micro-architednn'H are fragnwnts of a fral1lt'work arrhit.t'd.nl't' alld "ccontill).!; t,\) 
Watf'l"s [WT91], by l'ensiug fl'agnwnt.s of hip,h-It,Vt'1 dt'siglls, a sllft,Wal't' t'lI)!,illt'l'r cali 
dpscri1w a program <tnickly a.nd concist'Iy. Thl'I't'fon', il. llIakl's SI'IISI' to c\1'sniIH' and 
rl"'llSf' design knowledgt' [ASpn:l] Wllt'll, 

• working on syst.ems t.hal an' iuht'n'lIlly dif!ic1\lt. t.o 1111dt'rst.alld S1\ch as Vt'I,\' lar/-',I' 
systt>ll1s and hip,hly complira.t.t'd applica.t. ions. l' .p;. as t.hwH' i IIvol vi Il)!, h i/-',h Iy 
intpradive p,raphical syskms wit.h illtl'icalt' displa.y l't'qllin'IlIt'IIt.S, 

• workillg on systt'IllS with a. high pruhahilit.y of dt'si/!,l1 illforlllat.illll ht'ill/-', n'u~l'tl. 
Tllf'sl:' indudp t.ht> d(~vt'lopnlt'l\t of sySt.t'lllS wit,!J a st.a.hle' t.1,t'!Jllolo/!,y hasl' as 
for instann> obj('cI.-orit>utt'd fralllt'wol'ks. A Il a pplical. iUIIS dt'VI'lo\l,'d 1'1'0111 fi Il 

Iluderlyiug franwwork ha.VI' t,lH' pot,('lIt,ial of n'usill).!; 11l1lt'h of t,lit' H,lnlt' dl'Hign 
knowlt~dgp. Ilsed in t.ht" dt'VI'lopnwnt, of ot,lH'r applicat.iolls frolll t.hl' sallH' 1\IIc1t'l­
Iying frauH'work. 

• workillg Oll systPllls with short, pl'od1\ct. dc-'vI'lo)lllll'llt. lir,'-cyrlt'S alld/ol' t.ItUH(' 
systems wit,h long livps and/or thost', kllOWIl ill advall(,(" 1.0 l't'q IIi 1'1' "VI'II 1. 1\ a 1 
fllt1ll'e pxt,ellsiolls i.(~. (-'volving applicat.iolls . 

Lets cO\lcllldc-' with a quotl' fl'om .Johnson, clt'a.rly snpport.ill/!, tilt' dt'sigll t.('l'ltlliqlll's 
nwntiOlwd throllghollt t.his St·ctioll, "1 don't. "dit'v(' dl'awing lot.s of pidlll'l's 01' di,l' 
gramH is pitlw!' dl'sign 01' analYHis. 1 am J)('rft'\'I,ly ha.ppy 11I1t!t'rsl.alldillg t.\lt· dl'si/!,II ilS 
abstrart dasHPs aud int('radiolls IlPt.Wt·t'!1 ohj(·cl.s. 'l'hat.'s ft Illod('1 1 l'illl Iluid ill Illy 
head, and WhPll 1 look at code and intl'rfan' fill'H, 1 HP(' I.hal. lllod('1 l'I'étli;l,,'d. 1 dOIl't. 
!'t"'ally know how to draw picbll'('s ahout. iL", [WBVC+mJ]. 
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Chapter 5 

Reuse of "Black Box" 
Applications 

J\lthollgla J'('llf·w-in-tlw-Iarge is not the main tupic of this work, fol' completeuess, wt> 
will hri('fly illt,['Odll(,(~ Hume hasic considf'l'éLtions and discuss our exp("l'ienres as weIl as 
0111' ('XJ)(~ri(,I]('('S with this impurtant If'vel of l't'lise. We feel tbat th!" l't'us!" of black box 
avplicat,jolls hm; l'ullsidf'l'éLbly simplifif'd the Macrotec development (d. chapter :J). 

5.1 Reuse-in-the-large 

TIH' higl)(~st. J<'vel of remit>, l'('lIse-in-the-Iarge, is the reus(" of objeets which an" them­
~H'IVt'H ind('J)('ndt'lIt. syst.t'IIlS, systems which are rellsed as they are, withollt heing 
lIIodifi('tl or ('xü'IHlet! in any way, Wf' cali tlwm "f'xtf'rnal systf'I11S", It is tbf' system 
whkh ,'P\lSPS t.llPlll, tl\(' "targt't systf'm", which is l'esponsible fol' adapting itself tu 
t.lw prot.o('o\ rpqllil'('llwutH of thl' ('xtt'l'Bal system. The f'xternal systems may or may 
Ilot hav!' ill'('1l dt'wlup(3d with tht' sanw frault'work as the targ!"t system, they may 
('WH hav(~ 1)('('11 devf'luppd in Ct diffel'<~nt progranllnin~ J~tllguage, The point to hf' 
st.I'(·ssC'd h('!'!' is that. tilt' targd sySt.(3111 lle!"d Hot hotht'I whit thf' internaI implenwnta­
t.iun and d(3sign d!'tails of tlw ('xtt'l'Ilal systems sinet> t:\. H' is absolutely no intention 
of mod i f.vi ng or exl('lIlli ng tlWl11, 
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Reusf'-ill-the-Iarge involvf's prohh'llls typically ('IH'OIl1l1.(,l't'd wlH'1I illl.l'p,rat.illp, s~rs­
tf'l11S. 1'0 integrate an extel'llal systl>1ll into il t.al'gt't, systt'Ill. tirst., illt.I'l'fadnp, \'('­
qlli l'pl11ents of t lw f'xtf'l'llal system III IIst 1)(' Il Il dt-'I'st.ood . In g('IH'rél 1 !.1'illISfol'llIi1 t,ÎOll 
pl'ograms will tlwn be requil'pd to t,mnsfol'Ill informat.ion l'rom t.h(' t.arp,t'I, syst.t·1l\ ill!,\) 
the appropl'iatt> fOl'mat of thp ('xl,('I'nal int.('l'facI' and. (,ol1\'I'I'sl'ly, fol' ('xl.ra('t.ill~ t.llt' 
nepded information and t.ransfol'Illillg it hélck into tl\l' I.arp,t'I, syst.t'llI's lill'm.lt.. 

Reust'-in-thf'-Iarge and syst.em intl-gra.tion pla.y:; illl inl)lol't.allt. 1'011' in Mano!.t''', 
The appl'oach Wf:' have taken is, accol'dillg t.o MI'YI'I":; ('al,l'gorÎ;"atioll [M('y~I\J uf Îllt,(·­
gl'ation and extensibility, a blf'nd of thl' simpl<' dat.ahasl· and, t.o il Iilllit.(·d dq.?;I'I·(" \.lit' 
l'allonÎca\ l'l'presentation appl'oaches, 

In Mac1'Otcc, we al't' using (lc11I,,<;lour l , an ohjl,ct.-ol'il'nt.l·d dat.ahww 1l1i1I1ap,(·III1'IIt. 
system allowing for tlw stomgt' and l'ptl'i(>val of tilt' 1'01'1' l'I'pn'H(·lIt.a.l.ioll, Sl'(' fip,III'(' 1. 
The l'O1'(' 1'Cp1w;cutation is tht' hl.'al't of Ma('f'()/c(' wil,h a.1I infol'lllat.ioll I.u alld 1'1'0111 thl' 
val'Îons tools, both internaI and ext('l'lIéll, 1l1ana~l·d wit.hill, A w\'akl\l'Hs off,('11 rit.l·d 
with the databast' integration tedllliqllt· [Ml'y9 1] haH hl'I'II t.hal. 1.111' dat.a St.l'lIrt.lIJ'(·S 
supported by the datahasl-' al't' in gP Il ('raI ilOt. HOJihist.ica\'(·d ('Ilollgh t.o 1)(' IIH(·d din·('\.ly 
by the tools. COllsf'quently, t.ools oft('11 J'(·t.ri(·v(· t.11I' 1l('I'(kd i Il 1'01'1 11 at.Î 011 1'1'0111 t,1 H' 

database and bllild their OWlI intf:'l'IIall'epreS('lItatioll, At. lal,I'I' pOillt.S, t1H'y wl'it,(· 0111. 

aU the modified data all at once hac).: illto 1,111' datahas(', This iH, ItOW('VI'I', 1l0\. t.ltl· ('as(' 
in Mal'1'otcc. AlI Man'otf'e' touls wPI'e Wl'it\'l'll lIsin~ t.1\(' ohjl·('\,-oI'Ît·llI.l·d pi\.l'ildip,lII, tilt' 
C++ pl'Ogramming lallguagp, and may tlll-'l'l'rol'l' dir(·cl.ly ilS\' I.I\(' class lti('l'al'('hy, ('Ol'!' 

reprt'sent.ation, as defilwll hy tlH-' (;('I11St.OI\l' C++ illt.\'l'fan·, just, as t.Il1'y w()lIlt! ally 
otllf'r ohjpd-orientt'd c1ass h ierarchy, 

Accol'ding to Meyers, a c,anonÎral forlll is a si IIgl(~ dat.a !'(·I)J'(·sl'lll.at.ioll, slm!'l'd l,y 
ail too\s in an environmellt, Althollgh this is 1101. t.11I' l'asl' ill Mat'1'o/n', W(' do hav(' H. 

single data represrntatiol1 fOI' f'xtl>l'Ilal tools which lIlalliplllat.1' /l,I'a.pIIS, Alld, altlHIIIJ!,11 
not fully shared, in the sense of heillg diredly sllpport.(·" "y ail t,!\I' t,ools, 0111' (';\.11011-

kal for III has i lldeed fad litatl>d t.h(' intt'gmtioll or (~xl,erllal l,oolK. 'l'ypÎl'a.l ('allOIl il' al 
l'epl'psentations havI' some fundallwntal dat.a SI.I'I1I'\,III'1· fol' 1,\\1' ('OJ'(' did,a, alld 1.111'11 

let tuol-spt'ci tic data 1)(> addl->d. OUI' callollÎcal fOI'III, I.I\(' r: X F+ l't'I)/'''8f'7tlal,jol/., is 
no exception, GXF+ is hasf:'d 011 GXF [MENn~]. OXF allows J!,l'aph IlliUliplda.l.ioll 
]>l'ograms tu upeJ'atl-> 011 data ('llCodl,d in iL 1'0111111011 fOI'IIIa.t. whkll illl'llId('s ('!'l't.a.i .. 

lOemstone is a registered t.radellJark of SprvlU Corporat.loli 
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(·ssl·llt.ial f(',üuf('s of 1!;l'aphs. III additioll, GXF a\lows programs to add ally al'hi­
t.nu·y illformat,ioll t.o a (lXF n"p!'I'st'lüatioll in a cOllsist(3llt, pOl'tahl(3 mal11WI' that IS 

1.ra.lIspan·lJt. t.0 ot.IH'1' prop,rallls whirh do not. {'X)wct, th(3 (3xtra informatioll. 

5.2 Application reuse in Macrotec 

Fip,ll1'(' ) dl'piets t.lw diff('J'(,llt tools illvolv(3r\ in tlw Marmt(·c toolset. As "hlack-hox" 
applica.tions, W(' hav(' illt('grat,(~d tJH' 8/JNP Iwrfol'111anct> analysiR tuol [TMWH9:l], 
an allt.omatÏc p,rapltic layout paclmg(~ h(~ing d(3vt>lop<'d at thp. lTlliVl-~rsity of Toronto 
[MEN!)~J, a.lId a :mhstit.utioIJ tool df'wlo)wd al. Laval lTniv(3l'sity [.JBB+9:l]. 

User Interface and Control 

Animation 
Tooi 

[Jalabase 

GXF+ 
Reprel!lllntation 

'l'III' ).!l'l'forma 1\('(' analysis 1.00\ manipulatps llon-graphieal data and thel'eforf' does 
Ilot. d('al wil.h tilt' GXF+ rppr(3sPlltatioll, hllt it rpquÎr(3s a data transfer pl'ogram 
t.u aud rwm tlH' ('()rt' rt'pJ'(~S(,1l tation. W(3 first had to study tlw 8PN P system i 11 

ol'd,'!' 1.0 dl'tt'I'miuI' its input file (p(,lf"f~.C) and output fih" (pcrfrf8.out) formats. Wt' 
I.hl'Il Wl'Otl' a. da.ta t.ransformation program, Transformer 1, creating an input file to 
S/'N/' \Vith t.ll(' followin1!, t.hl'l'f" most J'(·lt'vélnt S(3etiOl1s: parametfl'S ser.tion storillg the 
))('I·rOI'l11<lIl<'(' a.nalysis panU1H't.f"I'S, net Sf"ctiOll deseribing the. lllod(3lle.d ll(3twork, and 
a.1\ (ll'_final sf"ctioll st.ot'Îng thf" J'('slllts to he romputed durillg allalysis, The same 
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transformation pl'ogram is responsibh' fol' ext.I'é\l'tin!!: tht' rl'll'vanl infurmat.ioll fl'olll 
the output filf' (p(,ljl·('.~,Ollf) and tl'ansfol'millp, il. hack into t.lH' "0('(' ('('pn's"III,at.ioll. 

TI1f' S/Lbstitution aud Allfoma/ic Layoll/ t.ools. maniplllat.t' p;raphica,1 dat.a, SUl'h 
tools stOI't' th,'il' da.ta ill tht' GXF+ rqJlT,o;l'llfa/ùm. As 1l1l'1lt.iOIl",.J ill chapll'l' ;~, SlIp­
porting GXF+/OXF allows 11S to l'éLsily ,>xdmng\' dat.a wit.h ot.llI'l'. spI'cinl-p1ll'pmil" 
(jXF-based systPll1s s1Ich as t.llt' ftlltomal.ic la.yo1lt, t.ools Iwillp; dl'vt'IupI'cl at. t.h,' Ulli­
versity of Toronto, N on-(: X F +-hasl'd syHt.I·I1lS n'qui 1'(' daLa t.ra Il St'Ol'lll CI t. iOIl pl'o)!,ra II1H, 
For instance, integrating Oll\' suhstit1ll.ioll 1.001 (impl(-·llll'lIt.I·" J"o('on' aclupt.illg 1.1,,· 
GXF+ st.andard) requiJ'(-'d tilt-' df'vt'lopnwnt. of t.hl' rl'a".o;jo,."II'I'f! pl'ogl'anl. Wit.h­
out the internwdiate l'eprp.sl'lltation of (lX F+, ('(lch p;raph I1mn i pli 1 a.l.i 1lP; l·x\.t>l'na 1 \'u,,1 
would rl'quire a transformation progmlll Ilt't.wl'l'n il.st-,If and I.h,' ('01'1' 1'('pn·s'·IIt.at.ioll, 
Cons(-'q1lpntly, a changf' i 11 tht' datahasl> C()\'(· n'pl·('st'lltat.ioll ma.y 1'('<)11 i rI' il dta,IlP;I' 1.0 

pach of thpse trallsformutioll pl'Ograms, ohviously ilOt. t.hl' I)('HI. of sil.l\a.t.ioIlS, Atlupt.­
ing the C:XF+ rrpresentation l'esult.H in Mappf'I' h('ÎllP; t.h(' only pl'Op;ralll \'('qllirillf,!; 
maintf'lIanct-' dllt-' tu databast' ('On' l'<'I)J'(>s('ntatioll challl!;('s (sip;nilin\.llt.ly, t.11<' (:X F+ 
l'ppl't-'sentation is very stabl(-' as c0Il1)léll'('(1 t.o tlt(· da.t.allas!' rI'IU'('H('IIt.al.ioJl), Wc' hop(' 
that futlll'I:' graph manipulation t.ools will adopl. 1.11<' (;XF ll'III'('sl'lIt.a,t.iulI allowillJ.!, 0111' 

system to bl:' easily ('xtf'IH!,"d if eVt-'r tl\(' r('qllin·IJl('nt. èl.roS(·, 

Thel't' is not yet a. COllS(-'IlSUS about tl1<' 1l1l'ttnillg of illl.q:!,\'a.t.(·d syst.(·1I1. Wc' c1ailll 
that Olll'S is int(>gl'ated, hoth p.xt(>l'tlél.l1y, aut! at tl1<' IIs("r illtl'I'fa.n' It'VI'I, a.nd illt.,·nmlly, 
Althollgh, as we have just dpscrilwd, transformal.ions or a.1I t.yP('S a.I'I· IlI'l'fol'IIII'c1, al. 
the liser IpvI"I, the Macro/cc toob al'(> SI'éun It'ssly i Il t.(·gml.('d i ,1', 1.11<' lIS('\' i 111.1'1'<11'1.:; 

with tlIf' Systf'lll through Oll(-' singlt' hast' window allowinp; fol' l'asy Hwit.dlÎlIJ.!, lH't.w('('1I 
the ditrel't'nt tools. Intema1Jy Ma,('1'olf'(, 'fi loosely COll pl('<1 al'('hit.(·ct.lIf'(' fa ci li 1. a.t. !'s t.\1<' 
addition of llew tools, Addillg IWW I.oois will ilOt. \'eq1\i\'(~ t.ha!. (·xist.illJ.!, !.o\)ls ('haIlW' 

thl:'ir functionality or eVl:'ll be ma.tIt' awa\'(~ of 1.11<' adtl i t.iOIl, 
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Chapter 6 

Prerequisites for Successful Reuse 

Ohj(·d-OriPIlt.ed frallH'works telld to h(~ large in t(~rms of tht> total llllmher of classes, 
Fol' ('xltlllplp, ET++ cOlltaills 1110I'f' thall ~:30 c1aHRf'R, tht-' Illtervi(~ws franwwol'k [LCVH7], 
11101'(' t.han IIlO c1ass('s, III addition to framewol'ks heing hug(-' monstel'S of classes, 
lI1<'tho<ls, alld codt:>, tlwy typieally conw with littlf' 01' no documentation, ET ++ 
('OJlWS wit.1t vil'tllally 110 doeUllwlltation, whel'eas Interviews has comprelwnsive dOf-

1I1ll('lIta.t.iOIJ ahout ('(tell daHs in tlH" lihrétl'y but provides Iittlf' information on how to 
IIH(' t1)(,IIl, '1'0 fully exploit thesp. vast amoullt of (~xisting code for l'eusf', Oll<-' must 
IIl1d(·l'st.and tht> Ilnd(-'l'Iying framt'WOl,k dasRes. Ct)l1sequf'ntly, developing systems IIS­
inp; ohj('et-ol'Ît'ntpd frall1t~wol'ks rf'qllÎn-'s df'vf'lopel's to spend mlleh more time readinp; 
pxist.ing rot!" (mostly ot.ht'I' t!<-"wlopel"s code) rather than writillg, often l'f'invellting, 
II<'W ('()(It" 

W(, will now hri(-'f1y discuss pl'Ogl'ammillg, design, and doeunwntatioll iss1les W(3 
11aV<' round 1.0 din'ctly impact 1.11(-' learnahility, and hel1ce lIsahility of fl'anwwol'ks. 

6.1 Learnability 

Most. dt'V<'\oJl('J's would agl'(-'(~ that reading anotlwr pl'ogramnwl'S ('mit' is a major 
inl('II"ct.ua\ challt'ug(' mal OI1f> W(' pt'ê:lclÎca.lly a.1I try to desp('l'ately (tvoid. Modpl'll 
pl'Ol!,l'a.ll1l1lillg ('J1VirOIlIl1f'IIts sll('('essfully support this }>l'O('ess by providing facilitit's 
fol' hl'Owsing, (,l'Oss-r"fpl't'IH'ing, d(3sign visua.1izatiun, pditillg, l'te. Howpv('l', thpy do 
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not, and will prohahly lwVt'r, t'limilHttt' tIlt' nl,t'd rOI' null' 1·I'ndin/!,. NI'\'!'rt 11I,II'ss, 
tlwrt' af(~ dl'sign a III 1 pro~raml11i\l~ t('chniqlll's t.hat. rail considt'rahly facilit,,!.t' 1 hi:-: 
lluderestÎmated task of lllldl'l'standillp, "not ÎnvI'IIt.t'd Iwl't," codt'. 

Prior tu Itndf'l'.'iianding, we must Jind tilt' dt'sÏl'I'd l't'\I:-:ahlt' (,OlllPOIlI'III,s. Mali." 
factors afft'd the t'ast' with which dt'vI'lop('rs l'an jimi, and :mhst'qlll'lIt.ly 1111111'1· ... 1(/1/(/ 

compollents in a largt' franwwork. WI' lu'lil'VI' that. tilt' must. import.allt. onl'S il l'l' 
common vocahlllary, llUllllw\' of levels in a class hh'ral'clty, é1l1d (,OlllpOllt'llt. :-:i,w (c1i1ssl's 
and nwthods). Earh wi 11 Lw discllsst'd in t.ltl' rollmvi liA :wct. iOlls. 

6.1.1 Common Vocabulary 

An uufo\'tunatply col11mon ohject-ol'Ït'nt(·d progmlllminp; pl'adic(' is t.o IIsl' I.hl' sailli' 

llanw fol' two l111\'datt'd p1ll'pOSt'S [HOLHO]. This nat.1ll'ally ll'ads 1.0 ('I)lIfllsion wlH'II 
tl'ying to understalld as wl'Il as locat(· a COmpOlH'lIt.. Tlw WH' of difrl,l't'1I1. 1H1.III1·S fol' 

similar ohjeds, has resll1t(·d priméLl'ily fWIll 1'('qllil'('IlH'nLs or PI·oc(·dllral pl'o/!,I'allllllill/-'. 
languages that sl1bprogram naml's 1)(' 111liqlW withill a. ~iv(,11 pl'ognllll. POIYlllOl'l'hisll1 
pl'Ovided by object-orit'uted programming langllap,l's ('lilllilléd,l's t.Jw 1I(·t'd t.U lIs(' di 11'1'1'­

l'nt names for similar 0lwl·atiolls.WhaL W(' want is a comlllOIl voralJIIlal'y li,,· silllilal' 
entitit,s, and diffel'ent nanws roI' dim~I'l'Ilt. (·Iltit.i('s. 

The lwst Imowll SUCC(~ss(-,s with compollt'Ilt J'('lIS(' ha.v(· 1)('('11 ill a.pplit-atiolls u:-lill/-'. 
standard data structures. Data stl'1ldlll'PS I](LVI' had cNtai Il IJaIllPS 0('('111' i Il i III pl('IIlt'II­
tations ov(,1' and OWI' again, for ('xéunpl(', a lirst,-in, fil'st-ollt qumH' has two op('l'atiolls, 
usually called l'tiqueur and dCq'llf'ltC, 1,0 adt! d('IIH'lIts to alul !,('Il\OV(' pl"Il)('IIl,s rl'OIII 

the queul', l'espt'c.tively. 

Abshact dassl's, t'specially the tupmust It·wls, t'sl.ahlish, hy tI)(' Vl'I'y lIatlll'l' of' 

inhl'ritaufe and claSH hierardü ... s, a stalllléu'd illtl~l'ral·I·. TI)(~ sp(·('ifil'iLtioll or stallda.rd 
nwthods, with standard t1wthod néLIIWS, t'IISI1I'('S tiraI, a.11 Hllbdass('s will (·ollliJl·III. 'l'lit' 
goal heing to minimizp tIlt' llumlwl' or difr(~I'('III, lIanws alld IImXillli~(· 1.1)(· 1111111111'1' or 
nanws sharl'd by a set of dasst's, Î.t'. standard pl'Otocols. For' illsl.all('(" t.\](' ColIl·(·t.ioll 
class of ET++ pl'ovidt's a st.andal'd intt'I'fan' which indud(-'s 0p(·ral.ÎolIs A(ld, HI!III0V(', 

Find and many othtH·S. Ail subdass(·s or Co\l('diOIJ (S<,qCollt'dioll, OrdCo\l(·('l.ioll, 
Set, etc.) use tlwse llallWS stalldardizillg the (mtil'e rangl' or colh,l't.ioll c1assl·s. 
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'1'1)(' !>Ul'pose of a nwthorl is to operate on an instance of a class or to provide 
iJlformat.ioll regal'ding th(~ stat(> of an instance. M(,thods ronstitute the interfa('e of 
t.I)(' clasH 011 which t.hey art' defined and should tl)('refore reflef't this urielüatiun. For 
('xalJlpl(', Point, is a typical c1ass in many fratm~works and providt's nwthods to access 
t.lw x alld y (·oordillatt's. TIw Ilanw r('adX could he uSt-'d, however, it wOllld imply 
l'('ading fl'Om a devict-'. Naming tht-' nwthod getX would lw 111uch mort-' descriptiw. 
TIH' :mp;p;est.ed Ilwanillg of getX is mu\'(' dt-'scriptiw in itself but even mort-' so due tu 
i1.s st,<l.nda.rd IlS(! and h('nc(' famiIial'ization, 

III lIêLminp; l'ompotwlIts, Oll(' should kt't-'p in milld that namps shollld giw a l'ea­
sOlmhlt' indica.t.ion of the point of vit'w of the 11l1derlyillg defiigll. Also, tbpy sbould 
('onfol'm t.o tilt' standard language of thl:' domain. Fol' example, getA instead of getX, 
is dt'finitely 110t as c!ear d1\1:' to "x" éLnd "y" beil1g so COllU110n in geonwtry and 1'0111-

p"ter graphies domainfi. 

tJlt,inmt(>ly, él. common vo(~ahlllary would be broadly applicahlf· to I1mltiplt> franw­
wOl'ks in l1Iult.iple dOllléLins. Those ('ompol1pnts common to several ditfprpllt franw­
WOl'kH ill m1\lt.iple domains should share common llames. The abfitrad cJass, Collec­
t.ion, :-IllOlIld \)(' nanwd tht' sanlt' in ail frall1ewol'ks (ET++, Interviews, Smalltalk-RO, 
t'I.e.) t,hat. implell1ent a set of containt>\' classes. A first step towards this id<:>al is 
t,II<' r('WH' uf mÎ<:ro-arc.hiteet1ll'('s as descrihed by design patt<:>rns (cf. section 4.4). 
AIt,ho1\p;h the lIallles that. apppar in a design patt(31'n are typically tuo abstract to 
appt'al' dit·('(·,tly in an a.pplica.tion, we suggest they he incol'porated in the implemell­
ta.t.ion Il <t1lH'H. li'or example, in using tlH' Ob.<;C1'Vf1' patteI'1l fol' the dt:'sign of change 
propagat.ion, w<' wOllld IHlnH~ tlwthods DoObse\'ve, RemovpObserve, etc. 

TI\(' pn's('nt. lack of a common vocabulary has caused serions communication pl'Ob­
I('ms i\.lId has Immp(.>J'(-'d t.he id('lüificatioll of compolleuts éLnd thlls tlw' l'eusability of 
1.11<'111. 

A component which canoot be found, cannot be reused! 

6.1.2 Number of Levels in the Class Hierarchy 

A c1aHs d('scl'iptiotl in an inheritancp hiPI'archy, togetlwr with tllP dass df'scriptions of 
it.s SUpt'ITlas:H's alld tlwir auct'stors, dt.>fil1e Ct dass [OH92]. Definillg a dass hierarchy 
(\'(.[,.1' tu s('ct,ion 4.:1 for dptails), H, as a triple (N, D, S), we have a formai defillition 
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of a class, The rf'pt'ated application of a c1m;s coll1hinal.ioll (1)('I'al.ol', "dl", t.u t.hl' t'Iass 
dt'scriptions in an aI1Cf'stOI' St-'qIU'IICP, dpfilH's li class, 

Tilt' dt'finitioll of the c1ass comhinatioll opt'l'at.ol', '\1-)", is sl\ch t.h,,1. 1I1t'I.hotls Sllp­

plif'd by tht" left upt-'rand OVPITi(h-' idt'IJtically Ilallwd Illt't.hods slIpplil·t1 Ily tht' l'i~ht 

operalld, Accordillgly, t tIf' greatl-'I' tIlt' 111ll1l1wl' of lt'wls i Il t.11(' h il 'l'il l'chy, 1. hc' h" rcll'I' 

it is to detel'll1ine. tIlt-' complf'te. dass dpfinitioll, Shallow hil'l'éll'dli('s lIIal\(' il. ('asil'I' t,o 
Sf'f' which class implf'll1ellts what nwmllt'l' fUllctioll, 

Effort of 
Learnlng 

4 K 

Number of Levels ln the Class Hlerarchy 

Figure 1: N um hl>!' of hie.\'a!'chy I('wls l'ffl-'ct. 011 EaHI' o[ 1 ('rl.l'II i 1If.!. 

Figme 1 ilî ail informaI depictioll of tlw l'lfl-,(:t of t\w Il Il III 1 lI'l' of hit·ral'c!ty "'wls 
on the effort to If'arn the dass hi('>I'(t!'chy, 'l'III-' (liagram !'dh'ds 0111' ('XllI'l'i('I)('I'S a.lld 

contradic:ts Rulc .5 in Rulcs /07' Findinfl Ab.'llmd Cfa,';,';(',., propos('" l,y ,Johllsllli tllld 

Foot€' [.JFSS] which statf'S that claSH hil~I'a)'('hi('s should hl~ dt'c·p éLnd Il ILI'I'OW , If, dOI'H, 
hOWf'Vel', agn'>e with the df'vdopcrs of tlw 11I!.(,l'vÎt·ws lihrary, Th(· c1ass lilmu'y of 
Intf'l'views was kt'pt illt(~n!.iollally slmllow (most c1ass(~s flI'(~ al. Il'v(·1 ~ 01' a) hw;(·d 011 

their experiencf' that. many levels owrwlll'Im progralllllU'I'S, 
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6.1.3 Component Size 

As tlw Ilumhel' of (~Iasses in a franwwork itH'l'pases, a ~reater invf'stulPnt is l'f'qnired 
in t,lu' drort 1.0 fJl'olmrly identify compollents, TllP identifkation of compunf'nts in 
ft fl'anlC'work has howev(~r Iwen notably facilitated hy the use of powerfn] ohjt-'ct­
ol'h~nt(~d progral11J11iug tools [Bis92] and other highly spf'cÏalized tf'Chlliques [P[)~Ha], 
Pl'Op('J'ly id(>ntifying a COl11pOI1("llt dO(-~s Ilot l1ecessarily rf'quire an exact match, It 
llIay silllply l'l'quit'(> t.hf' location of similar eompOllf'nts heeause fol' reusf', often only 
part.s of éLn (~xist.ing romponent. an' Ilf'edf'd, This aspf'ct of partialrf'usf' redncf's f'ffort 
and illlpl'Ows r(~liahility, as dt'sCI'i1wd in s('ction 4.:l with tllf' reuse of dass BoxShape. 
TI)(~ "dose" Jl1atchin~ of compOlwllts is tl11ls 1110rf' directly affeded by COmpOllf'llt size, 
and is a dJaI'étd,f'rÎstic laddng satisfactory support in existing programmillg tools. 

Expt'rillH'nts ha.VI' shown that size is a significallt fador affecting :mccf'ssflll \'('1\81' 

[WESH7]. As a claHs aud/or method grows, il. becol1ws inereasingly diffkult to \'('nst-'. 
Tht' growth of a compolll'Ilt. causes it to hf'come more and 1110re spedfic and COl1se­
qlJ(·nt.ly nalTows its applicahility. A rlass with small methods is easier to sllhclass, 
HiIU'(~ lIH' Iwhavior cali be changed by modifying a few smaller (and henœ easier to 
l\Iull'rstand) methods illst('ad of larger (and heuce more difficult to ulldPl'stalld) 1lH'·th­
mIs. We havI' found that a dass with greatf'r than 40 methods is in most cas{'s too 
lal'gt' and lwn('(' 1.00 diffkult to relise because of its spt'dfidty, Such classes should Llt' 
r{,d('sigut>d and r(,factored illto tht' dass hieml'r.hy. 

As Bigg{'I'statr haH point('d out [FBPD+91], the importance of fillding a compollent 
is c\OS(-!.V relatt-'d to the t(~nSiOll lwtwf'f'n size and reuse potential. Sizf' is a nwtl'Îc that 
l'los('ly cOlTdat('s with specificity, and spedfkity is tht' factor that vel'itably atft-'rts 
1'(·lIsahilit.y. 

Dlll'illg 0111' parly stag('H of dewlopment Wp found ollfsf'lvt's erpating highly spe­
l'Îaliz('d dasH('s tlw\'('fore l'{'quiring that we havf' many of them, (aIl of them Iwing 
V('ry similar). Such a cÎrclIlllstanct-' placl's even greater importance and difficlllty in 
tilt' Hilding (nmtching) proceHS [WMH9:3], An applkatioll will typkally go throllgh 
H(w{'ralmatmity stapps as depicted in figure 2. As design itf'rates, the c1ass hierarchy 
is 1'(·stl'1ldlll'(>{1. TIH' l'P::;tl'1lt'tlll'Ïllg process l'eSll]ts in the maturing of a franwwol'k. 
As th(' c1as~H\s alld mdhods Llt'collw fl'w('r and smallel' in size, it beCOIllf'S relatively 
t'aHy t,o IInd('I'stand {'(tch small compolwlüS code, easier to find an appropriate match 
a.nd (·uns(·qtltmt.ly faeilitat(-·s reus('. This therefore suggests that to prar.tice software 
l'('IIH(', it is important 1.0 lInderstand the stage of an applications maturity. 
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NUMBEROF 

C()MP()NENTS 

TIME 

FigUf(3~: Applicatioll Lift' Cycl(' 

6.2 Describing Frameworks 

Docllm~nting fralllt'workH for relise r('quin's thdl' d('st'\'iptioll at dillè·I'(·Ilt. II'VI'h; of 
abstraction, most importantly, at tlw d('sign It·V(~1. FurtlH'I'1Il0rt', slIch dOclIlIlI·lltal.ÎolI 
should address thp lw(3ds of d("v(~lopers wit,h val'yillg It~VI'ls of l'XI)('I'i('II('(' with 1.111' 
framework. 

Novice uSeJ'S are illtewst,ed in genend, high-h'vd asp('cts uf 1.11(' l'rall)(,wol'k \,,'1'01'1' 
dpaling with thp design details of mÏc:ro-archit,('cLIII'('S, III ot,IJ('1' wUJ'ds, t.h"y 1'('qllir(' tu 
know how 1,0 ust:' the franwwork b(3fore knowinp, how il, sIJl'cilically works. W(· propOSt' 
the use of a S(3t of Motif.'I to show huw tu IIHe> ft fl'étllH'Wol'k, 'l'Il<' ('ollœ,,1. of lIl()t.if was 
introduced hy ,Johnson [,Joh9:l] und(3" t1w 1.('1'111 paUI'I'I)' W" ltaw :·dip,htly lIJodili(·d 
his id(~as and adaptpd t1WIll to tlw abstraction l<~v(>ls of frallll'wul'k d('sip,1I d(·st'l'ipl.iolls 
propusf'd in s(~ction 4.4 (cf, Figuw 9 a)). WI' haw illl.l'Odll(,(·" 1.\lt' 1.t'1'I1I Motif' ill 
ordt'r to avoid confusion with D{','Iign /)aUn'1!.'I, 

The do(~un1t'ntatioll of a fra.nwwol'l< sh01lld l'lIcompass: 

• tilt' purpose of tilt' IIl1derlyillg fmllwwOl'k; 

1 Motif (Merriarn-Wphst('r): 1. Ho dominant id('a or ('('IMal t./WIII(' ~, IL single· ur r('IH>at.,·d dl'Higll 
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• lJow 1,0 use t,I)(' Ulld('I'lyi ug frallwwork; 

• th(' IHIl1JOS(' of application ('xamples; 

• IJOw to l'(~US(' applicatioll ('xamplPs; 

• tlJ(' d('sigll of t!w fl'allH'wol'k; 

MoUf,c; al't-· mspollsihl(· for desCl'ihill~ the first four of tl)(' above IiHt items wlwl'pas 
f)('."l,fJn IJal/ fT7t ,'.; alld Uontmd."i addrf'ss tllP last item, tlH' dPHign of the fl'étllWWork, 
1h-.'iÎ,fJn /Ja.llfTH,'1 "l'al with ahstract dpsigns, and CJontracf.'l ('ope with th(' detailed 
d('sigll of 1'011('1'('1,(· ('xampl<'s, 

Ead. Motif d('iH'I'ÎI)('s a sit1latioll whirh must 1)(' replicated in M'th.:.r to usp the 
fl'<LIlI(,WOI'k, wlu·tlwl' it 1)(· t.1lt-' Illldf'rlying fr'anwwol'k 01' the ft'amework of an applica­
tion, Ali motifH "a.v(· t1H' sél.nw format (S('('> fi~um :l), Tlwy hegiu with a title of tl)(' 
format, Motif:alJplim/,üm nam(', TIlt' applimUo71 is tht> fran1f'work in q1\('stioll, i.p, 
t.11(' ulld('I'lying fntmework such aH ET ++ or th(' fmlllt'work of a dpveloped application, 
(',g, nUA W, Th(· 1UL1I/.(' is Himply tilt-' nallle most relevant to thp situation d('sniLwd, 
TI Il'II, tlH'Y hl'i(-'fly d('HCri 1)(' 1, he si tllation (Si tuatioll), followed hy a d('tai1(,d disCltHSioll 
of how t.he situatioll ma.y 1)(' adapt.('d and/or utilizpd (Situatiun DiHcussiun), A motif 
('IHls with r('f('>J'('I)('('H tu 01,1)(>1' )'plated 1ll0tifH as weIl as to relevant design pattet'lls 

and/ol' ('Olltt'a.d.H, 

• th(' 1\llllt'l'Iyillp; fl'anl<"wol'k, (',g, ET++. A first motif wOllld descril)(" tl)(> ap­
plicat.ion dOlllain uf ET++ and liHt f'xample applicationH dewloppd frolll it, It 
w01\ld also Iist ail ot.IH"1' mutifs which dPHcrilw ET++ as wdl as CL sllgg('sted 
(miN of l'('adillp;. 

• ail (\XéUllplt' a.pplication, <-'.g, DRAW, A first motif wuuld deserilw th(' appli­
ca.tion and it.s p;C'IH'ml fUlldiollalit.y, It wOllld alHo liHt ail otlwr motifs whkh 
t!('sl't'i 1)(' tht' applit-at.ioll élS wpll as a. S1\gg('sted ord(>r of l'eadillg, ThiH Het uf mo­
t.ifs slumld 1)(' wl'it.t(,\1 with a 1'('IISe tlwllw, Tht.> mutifs shuuld fucus un dPHcrihillg 
how t,)u' applÎ<'at.iun in question cau and shuuld be l'eused, Fo)' exampl(', the 
Illotif b(,low t!('snilll'H how to il1trodllce lIew graphic.al shapes into the DRA W 
application, 
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Motif:Application Identifier 

The name of the motif is very important. It should clearly convey its usage. 
As this name will become part of the design vocabulary, it must be chosen carefully. 
Application - is the name of the framework in question. 
Identifier - the name most relevant to the situation described. 

Situation 
A briet description ot the situation is given. 
Situation Discussion 
A detailed discussion ot the situation, clearly highlighting how developers should 
proceed in arder ta benefit tram its understanding and reuse. 
References 
A list of related motifs as weil as involved design patterns and/or contracts, 

F'ip,ul't':I: Motif I.l'l1Ipla,t.l' 

Motif:DRAW Nf'w Graphieal Shap<, 

Situation 

Thel'c arc a Vn1'ifly of 9mphical ,<;hapc,<; Iha/. ('(m b" Î1/('o/'lw/'II.lI'd 11! Il ,f/l'llfJhil' /'Il­
it01'. flfl'c wc dCHI'1'ibc tho,<;c ,<;/w]J('.<; (md how Oltl' HOf' .... (/,/wlI.l illl/'.I/I·a.III1!/ III/III 11/ 11/1 

application, 

Situation Discussion 

Each gl'aphkal shapp is a suhclass or ShalW. TI)('I'I' 'l.I·c· alr'('ady Sil 1 wlass(':-, or SllilJH' 
for tht> simplt' ohjects (Liru3SIHLpl'>, BuxSha.pe, OvaIS!rapc', l'olyShapl', 111I<',J.!,(·Shilp(·, 
DynShape, PietureShap(~, l'tlxtShal)('), alld t!rl'SC' lIIay ill t/UI'1I lu' l'II 1 u·l;l.ss(·d t.o ('/'(';1.1,(' 

mol'l-' complicated shapps (R(>giuIlShapc', I3l'zil'l'Shapll, AI'('Shapc', Ik BoxSltal'(', COII­

nection, DynShap(32). 'l'Il(' millimum l'c'qllil'<'d t.u dl'fillc' a slIlwlass of SlrilJU' ilwllld('s 
the definition or the nwthod:'! Draw, 01ltli,1l' alld <:l'I,llIlilJ.!,l'. 

Each applicatiun dpVI'lop(·d from DH AW will IléLVI' il. dass tl1'll/ll w hosf' f'IJIlSt.IIlf'l,O/ 
is r(3sponsihle fol' setting 11» a palpU(' of slrap(·s. WIr('1I ar/dillJ.!, il IWW shap(', yOIl il/'(' 

re<luil'pd to Itpdatl'> tlw palett(! C'ot'l'(·spol1dillJ.!,ly, To do so, ail illlllJ.!,(· i1.f·l1/ (I,itflmp), tu 

1)(> displayed a.s tlw :'!l'h>('tioll hUt.tOIl, 111111'1. 1)(' ('f'(·a.t(·d illld il/l'II//It·d ill t.!f(' fI(!W da.:-.:-.\ 
i mpll'l11Putat. iOIl, for pxalll pl(~, 
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static short Boxlmage{}={ 
# include "images/BoxShape,im" 
}; 

'l'lu' IWW slrap(' class JllIISt t.IWII 1)(' add(·d 1.0 tllP lisl. of shalWS in thf' paJ('ttf', i,t>, 
add(·" t,o a collf~d.ioll ca.lh·d, ]Jl'Olol:IJJH"<;' This is p(3rfornwd in the COllstructor of tllt-' 
dasH rIra"', 

prototypes-;'Add(new BoxShape); 

Mu:-;t. Hllap('s will addit.ionully ddint' strf'tching fuuctiona.lity, input./olltput l'élpa­

}'ilaips, H('I('dioll hal)(II(>s, pte, 

References 

• (~I'aph kal HllalwS III ay d('I)("11d un puch oth(> .. - S('(> design pattern: ObM1'Vl'1', 

• St.I'(·l,chillp, capa.hilit.ips - S(,f' motif: C:mphical Shapes Strrtching Uapabilitirs, 

• (~ra.phkal shap('s may he C0l1nf'ct.(3d - s<:'e design pattern: Oonncclion and/or 
Contract: (:07mrl'!ùm, 

• (:olllplicat.pd p;raphical slmJ>ps - set· motif: Subcla,<;smg Simple Shaprtô 

END --- Mot,if:DRAW Graphical Shapp 

lllllik(· .)ohm;ull, WI' Sllp,gest tha.t dl'VP!OP('I'H 1)(' l'pqllired tu kllow how Cl franwwork 
wOl'ks, A d('v(·lu!>pl' awart> of t!w 1Il)(1(3rlyil1g dpsign, e,~, tlw micro-architf'dlll't,s as 

dl'SI'I'il)('d hy contrads al1d/or dt'Hip,n pattf'l'Ils, will try to mailltaill the design int(311t 

tlmillg modificatiolls ellslll'ing t.hat. \whavioml compositiuns al'P prop(-'r!y maintained, 

Mot.ifs cOlllplillll'llt. dl'sigll dOCIlIlWIJtat.ioll. Thl-'y do so infurll1ally withol1t det.ail­
ill~ algol'it.llllls 01' ohjl'ct, collahorat.iolls, Inst.I·a.d, tht>y onen ref!:'r to d('sip,n ]>att(3I'llS 

alld/ol' ('ollt.rad.s, fallliliariziug tilt' n·ader with important. df'sign df'tails thf'y should 
1l1t.illlal,(·ly hl' awal'(' of ill or'd('r tu pl'('st'rvp tilt' dpsign of the application and/o!' 1111-

dl'r1yillp; frallH'wu!'k, ln g('nl'ral, CL motif should }w d(3wloped fol' any and ail aspI'cts 
or il f!'allH'\Vot'k, t.hat pot.(·ntially l'I'qui!'(' adaptation ur 1)(>(3d c1arificatioll, 
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It aplwars that. we havI' 1l0W ('o\'l,rt'd ail as)>!'!'ts ill 1,1'I'IlIS of fl'anH'wul'k dOl'llllU'1l 

tatioll, "Vell, Ilot qllitt:'. Wt' 1)('1'11 dOCIlIlH'lltat.ioll suppol'l 1'1'0111 III!' 10\\'1'1' Il'\'I'I!- of " 
franwwork, tI)(' franwwork classl's as \VI'II. Earl. c1ass shollid ha.vI' n,l'l'I'l'lIn'S to 11I(/11t:~, 

df."iign /)(1,ttfTn~, aud/or (,()1Itradli il, Îs illvolvl,d in. In ,uldilioll, \\'11I'1l!'\'I'1' plIssil,ll" lhl' 
illdividllal nwthods of a clasH shOllld ('é\.ch idt'nt.ify tI\(' pat.1t'1'Iljcolltl'ill'tjllllltil' ",il hlll 
which tht:'y participéü(· (t'l'cali t.hat Ct cla~m ilnd/or ml'! hot! tllél~' pilltÏl'ipa(.(' ill 111011' 

than OUt' micro-archit,t·cl.IIJ't». 'l'hl' c1ass format. s1tollld Ill' sitllilar to 1 h,1l ""i\'I"I t'III' 

the [-J(u8hapf' c1ass lwlow. 

#ifndef BoxShape_Fust 

#define BoxShape_First 

#include "Shape.h" 

/ /---- Box Shape Participation ----------------------------------­
/ / motifs ==> 1) motif: DRAW Graphical Shape 
Il 2) motif: DRAW Oatabase Save/Load 

/ / design patterns ==> 1) Connection 

/ / contracts ==> 1) Connection 

/ / ----------------------------- ---------------------- -- ----- ---- --
class BoxShape : public Shape { 

SeqCollection *ExistingConnections; / / Contract Connectlon 

public: 

MetaDef (BoxShape) ; 

BoxShape () ; 

short *GetImage 0 j 

void Draw(Rectangle) j 

void Outline(Pel.nt pi, POlnt p2); 

boal ContainsPeint (Point p) j 

boolean TestConnect(Connectien*, Shape*) / / Contract Connectlon 

/ / ---------------------------------------------------------- - -----
virtual void DBLOADConnect (GPTR) j / / Mohf: DRAW Database Save/Leau 

virtual void DBSAVEConnect (GPTR) j / / Motif: DRAW Database Save/Load 
}j 

#endif 
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HélVill~ classl'!'I lt'fl'l'l'llI'l' thl'II rol'r(,splllldil1~ dlll'llllll'lIt!'l Pll'\I'lIt:-. itllpll'IIIt'III(lI" 

l'tom il1éLd\'t'rtl'l1t1~' clldllp,inp, t.1((' ('(':-,pollslhilitit's 01'.1 l'I,,:-.s th.1I otl\('l:-' IIl.I~ III' gl.l\I'I.\ 

dqH'Ildil1~ Oll, FOI instclll(,('. Ikktillp,,, llH'thut! thllllp,ht tu III' Ilo IOIlp,\'!' I\('('dl'" 1.111 IH' 

di!-<é1st.l'OllS. t',p" ail illlph'IllI'llt 01' wOllld CI'l t "illl~ hl' wisl' t 0 look-Ilp t 1\1' ('011111'1 t 1(111 

contrart. Iwfol't' dt'Idill~ t.ht' Tl'st('OIlI\('ct IIldhtlt! (\\'l' no\\' .dl kilo\\' tilt' 11lIplllLlllt 

l'Olt-> it plays ill thl' obj<'1'1 l'ollabol'.tI.IOl\S 1'011 \(,,,till).!,IIIIIIII'l'tioll:-' (1'1' :-11'1111111 1 1)) 

AlLhull~h lIIofl.f.o.; a\'(' pl ill1é11 ily aillH'd at d('sn il,ill/-!. ho\\' 11111' :-.llIl1\ld 1'1111'1'1'" III 

J'('IL .. ill~ él frélllH'Work. t.!wir !ln'SI'lIn' /-!.n'at.lv "dd~ to t III' dl':-II l'ipt i\'(' pll\\'I'1 (II dl':-.i~~I' 

pattt'1'Ils alld COll'I'<lct.S Tlwy cl"rif,\' Illrlll\' t!1'Ic,ib a!'l tll ho\\' 11\1' dl'~i).!,11 i!-< ,q'plll'c1 \(1 

<ln applicatiull a!'l c\ who'" 

KI 
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Chapter 7 

Summary 

Oltl ('XIH'III'IIC(' wit.h ET++ has cOllfirllH't! t.hat. dl'Vl'lopillg ail applic<ltÎolI héls(~d Ol! 

;1.11 ol'.Î(·(·t-ori(·ld,l·d fI élllll'\Vol'k n'qllil ('~ a sul):-.tdlltial initial iIlV~stIlWI1t. ill ICéLl'llil1g. 

Wp I('qllil('" a 1'1111 t.wo alld a half 1II01l1.hs of il1tl'lI~e cmk illSIH'ct.ioll and hacking in 

old('1 to 1'('('1 cOlllloltal,k ('Ilollgh wit.h ET++ to hegin thl' MaC/'O/fi' dt'VI'lopnwnt. 

TI\(' pl(·dolllillallt. Il'clSOI! fol' SII( h :-.t(·(,]> kal'lling 1 mYes is I)(,Cctl\s~ dl'sign illl'ulll1atiol! 

is "pill).', lo:-,t alld hUl'i(·d il1 t.11I' illlpll'nH'lIt.at.iulI cod". 

As IloJ'Owit.z poilltl·d 0111. [II MX~l, Olll' of tIlt' main inhihitillg factors for t\w rells~ of 

dl':-.igll is t.It(· laI k or d('sigll \('l'''('~('lltélt iOlls that promot(' l'I'IISI'. WI' have pl'o»osed [)t­

.~1.lJ1I /)allt nl.~ alld (fOIl//'Ild.~ as d('sigll n'))J'(':-'('lItatiulls of miclO-éUchit('1 tllJ(·S. \V' haw 
«()II('('lIt rat ('d Ol! min o-iln hit.('ct 111(':-' (lH'hc1viul'al cOlllpo:-,it.ioIlS. collaho, ating ( lasses) 

alld tlll'II IIllcktlyilll!, cksigll letlltl'!' t.ltall 011 c1ass('s. AltllOtlgh c1assl's havI' 1)(,1'11 1'1'0-

p":-.t,d .r:-, IIl1it.s or C IId.' n'IISI', c\ 1'1,,:-,:-. oft.('11 <I('1)('11IIs 011 ot.Ilt'I':-' 111'11('(' it. is Ilot, :-.illglt' 

cl"ss('s hllt ).',1 OllpS ()f l'la:-':-'I's whil'h an' Il'IIsl'll. III additioll. \VI' sllggl'st th(' 1I11tÏI'rlyillf.', 

It.IIll1'\VOl'k as \\'(,11 <tS l'élch l'Xéllllpk application dt'I'ived from it, haVI' tht-"il OWll S(,t of 

1I1011f~, i\I()/lr~. hl'sid('s dl':-.crihillg how Olll' llSt'S a sy:-.t.t'lll, may incllldp l'"fl'\'('I1(,('s to 

,dl (ksi!!,II-II'vt'1 dl'HlTiptiollS illvolv('(1. i,I'. to ail dl'sign pattl'l'Ils and contract.s. 

'1'0 SII( t't'ssflll J'('dlll'l' t IH' It'ëll'lling CllI V", tilt' fI étnwwork dpscript.ioll t.('ChlliqlH's 

propusl'd. dl'si!!,11 l>ctt t.1'I'IIS, cOlltrads, and motifs, alon~ wit.h tht-, CO!TI'spollding cOlk 

('()1I1IHllIl'lll s. (\,ISS('S cllld nll't.\lOds. 1I111SI. cross l't'fl'l't'IH'I' l'élch otlH'r Wht-"IH'WI' appl'o­

l'ri .. t(·, TllI'll' ail' mail." advallt.ap,l·s 10 d('scrihing ami Ol~allil\illg, frallH'wol'ks this \Vay, 

inl 11t(lill~: 

\,}.) n_ 
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• tht-' \'('ll'it'Vetl of \'('ll:-.ablc complllll'lIt::-. (1Ilil 11h11' hl\(', 1111'\':-' "1111/01 I·I.I""I·~ .11111 

ll1t'thods). i~ facilitall'd 

• tlW dfOJ't l't'<illil't'd tll 1lIldl'ISt.llld 1::-. l'l'd'Il'I''1. Fol' l'\ollllpk. \\'hlll Il \ illg III 

1\IIdl'I'stand dll illlpk1l1l'1Ilt-d lH'haviol,d rull,dHllalillll. 1I,I\'ill/!, It·ll'll'lIt ,':-' III .d. 

··tl'act dl'si~n <ksl'1ipt.iolls SIl< h ,1:-' COlltl',H'ts "lId/llI' .11",1~1I p.IIII'IIIS i:-'.I ddlllllt' 

hlt'ssillg. 

1I0Wt'V('I" in Ol't!l'I' t.o avoid ('l'l·at.ing ail o\,l'I'wl\(,llllillg \\'l'h 01 t IIl:-'S'll'll'II'II( 1':-'. 1 lit' 
t!<>velopt'I's of fl'<tnH'wol ks d,lId applicatiolls haVI' t.o follow 1 wu I,<I:-.it /!,lIidl·IIIlI·" (\\'1111 il 
<'Xpl'<'SS llot.hillg lIlo\'(' t.han good ohjl'l'I.-ori(,llt('d Ik:-.igll) 'l'lit' lils! IS III IlIillll1lil.(· 1 lit' 
Illllllht'1' of collahorat.iolls a class Iras \Vith ot.lll'l' d<l:-'Sl'S. ,lIId thl' :-.t·ctllld i:-. III 1I111111111/t' 

t.11l' 11111111)('1'01' di/fl'l'l'Ilt ('01II"lId.~ sllppol'l l'cl I"v <1 11<1:-':-' 

III short.. 0111' <ksnipt.ioll t.('(·hlliqll('s I\I'C'l'I'a:-'l' a fl<lIl\('\\'\lI\-\ 1(',,1 IIi Il)..'. 1 IIIV(' "Ilel 

('(>II:-.t'C(IH'Ilt.ly ill('J'('as\' cl frall\('\Vurks Il'll:-.,'')ilit.~,. 1'11l'v will hO\\'I'V('1 Il'qllll(' t 11.11 1 lit' 

dpsig,1l Ill' oril'IJI,I'd !.owalds ill\.(·I'II\1'dia\.('ahs\.l<ldioll 11'\'(·ls <1 Il cl tlt.1I 1111:--' kllld 01 dt·:,I!.',11 

Iwcollw ail intq.~l'ai palt or t!\(' sortwaJ'(' pro('(·ss. 'l'III' illit.ial, "ddit.lolI.d 1 os!. illl\lt':--'I·t! 

hy this appl'Oét('h ,a.1l 1)(' aIllOl\'i~('d OV('I tlH' l'Iodltl'l.s (1t'\'('IIII'('" Iltllll tl\(' d('S( 1 t1l1'd 

l't'Ilsahle <!Psigl)' This i\lhkd iIlV('sl.lllt'lIf. (: tl l'i Il).!, \.1\1' soft.\\'a\(· 1'11J('('S'i, i~ .J WII!! Il,\' IJlIl' 

i n<l(,(,(1. 

7.1 Advantages of using Fran1.eworks 

D1ll'ing, tlH' d('velopllH'nt or j\;f(/('/'o!t,(, w(·hav(' ('XIH'li('II('('d S('V('I',Ji .tdv,JlII,.I).!,(·:-' 1IIIISill~', 

fl'alllt'works . 

• Thwugh polYlllorphisl1l alld illllt'I i\.all(·(· (wit.\1 fralll('wol ks, ilJlll'1 il.iJlII·(' i:-. illl 

importallt. r,·at.lIl'1' fol' ('()III' 1'('USI'), W(' ('xlH'ri('III'('" SI)!,lIilil',lIlt. ('(1(/' ,'1/ ..... '. 1"111 

('Xétlllplt" li\(' use or vilt.ual f'1I11ct.ioIlS ill C++ allows tlld,IIY IllI't.IJ(J(b t.u 1)(' )t·II:'>I·'1. 

• The !'l'liS,' or (ksigll pat\'('I'IIS IH·l'IlIi\.:-. d(,~/.fJlI /'f /I.M ilOt, ()JJly wit.hill d ir.alllt'Wlllk 

hut amoll?, diff('r('II1. fralllt'works as w(,II. FOI ('Xillllpll', tilt' OI,s('1 VI'I d,"'\i~.11 

pat,t,('t'II, IIs(,d ill ET++ fol' 1.111' illlpJt.III(·II\'ltl.ioll (Jr (!J,JlI)!,(' fJltlpd)!,<lt.ioll, i:-. .aI .... " 
IIspd in Intl'Ivi('w's Ihlidmw [VUm). 
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• FI éllI]('WOI k:, fil 1 1.1)('1 :, y:,1.1 'Il 1 alld lI1achill(' port.allility \Iy Illdillg dl'ppndl'Ilcil>:' 

withilJ Il,,:,sl':'. FOI 1Il:,I,;Ul« (" 1,111' I.wo allstract ( lasse:, SIJ. .. tt'1II éllld "hndol/l 8,11 ... -

Ir 111 ;11'1' 1{':,pollsï,!P fOI illstalll,iatillg lll'W ol,j('cts J'('I"'t-'f,('ntiug window ~ysl.elll 

!(,~O1ll'( ('s. 'l'II(' sYf,t.('Ill-dqH'IIr!('IIf. part san' sJ>('cifipd Ily p1II'1' vil tuai fllllctiollS, 

"n'S('IIUy, ET++ l'1IIlS Ilnd('r SlIllWilldow. NpWS 01 tlH' XII window ~\'stl'll1. 

• Codl' ,lIld d('si~1l I('IIS(' 1'1'«111('(' lodillg alld d('si~1l tillH', !('sppctiVl'ly, This 1'11-

l'Ollra/!,(':-, (h'v(,lolH'I'S t,o tly UlI1, 1l('W id('Wi, ln Ot,J](,1 worcls. fralll('works PIlC01\ragt-' 

/'fi pul pr%t IJjJl1l.'/. 

• Frallu'wol'ks facilitat(' thl' coordillation of 1)('01'1<' working ou tIlt' salllt' project, 

Wu!'k ('ail 1)(' dividt'd into diff('rl'll1. parb of t,\w fralllt'work hit'ralThy wlH'\,(' 

('hclll~('S 1,0 c1ass('s éI\'(' illlkpt'Ildellt. 

7.2 Future Research 

Idl';dly, tilt' "bOVl' 1lll'lltiOIH'd ('IOSS n.f('n'Il(,('S would 1)(' sllpport,l'd hy a hypt'l'tpxt 

:,ysklJ 1 prllv id i Il/!, " IlIl'llta l "lOdt'l of t11l' li Il ks 1H't,wl't'n com])ont'nt.s. Hypertl'xt systems 

slIdl ,IS /)""/1 'l't',rI [< :"aH(ij allllw for \VI'''S of sllcl! cross \'(.[1'1'('1)('(' information that. 

SI\loot.ltIy illt('/!,!'eL1,(' t.t'Xt., /!,raphi( s dia~l'al1ls, ;tlld cod(', Thankflllly, tlH' PIallt'Text 

SYHt,I'III edlows ('xist,illJ!. cod(' lih·s 1,0 1)(' allllotat('d withoul Iwillg allert-'d. 

Fi~"n' 1 dt'piets a t..vpical \VI'" of cross r('ft'n'II(,(~s lH'lw(>ell cod(', dp~lÎ~1l de:-,criptiolls 

alld lIIot ifs, A fI c\IIlt'work ('olllph'IlI('IIt,('d hy ~ Heh a sysll'Ill wOllld impl'ovP rdl'ieval 

,lIld IIlId"l'stalldahilit"v b'y pl'oviding installt a( CI'SS tu sllpportinp, informatioll. 

As lIH'nt.ioIH'd, ('Olll.r,II'I,s l\t'lp in t.l\(' 11l\(kl'sl.allllin~ of l1liel'O-al'chit(>('tlln~s. Tu 
1Ilt1h'l'stalld ho\\' lIIirro-architt'I't.III't'S tht'lllsplVl's intnart, WI;' haw mot.ifs, providillg a 

tex!.lIal t'xplallatioll, 'It'xl lI(d ('xplanatiolls arl' Jill(' hut. oftPI1 too wrhos(' and amhip,l1-

OIlS. 'VI' wOllld III '('d 10H11 pph'lIIt'lIt. 11101, ifs pidoria Ily, B1l111 and Cass(>1rllan [BC9~] 

hel\'l' propos('d 1 lit' IISI' of tillwl h\'('ads as a visllal notation tu cUlllmllllirat(~ tIlt' illtpr­

cldioll c1IlWII).!, nml rad s. Pict.IIJ'l'S, a:- ShOWll in h~lIlT :J.. wOllld no dOll ht hl-' 11 sdll 1 to 

allcho!' tht' «(lII('('pb J1It'~('l\kd in motifs. 

~4 
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7.3 Concluding Remarks 

W" tll(' Ilot ,Itlllllill~. wi1.l1 111\" OIlt,I·Ilt.:-. of t,hi:-. t!J(':-.i:-.. to IldVI' ('J('cll('d d l'cl 11 ,1( l'a. Il i:-. 

1 Il'tll 1.I1t11 1 (JII:-'Idl'r alll<- work Il'II1ailis to 1)(' dOIlI' ill or d('1 fOI ('v('111 liaI cél1.alop,l\('t! :-']>('­

(iltc ft,IIIH'WOI b with widl' :-.pn·cld prclctil al élppli"édlility, \VI' havI' how('v('1 plovil!<·d 
tI 111:-'1. :-.t,!'p, il :-,l,('p W(' 1)('li('v(' to \)(' ill tJw ri).!,ht dil (·ctioll. To :-'llc('('ssflllly lIS(' éllld 

1('11S(' frllllH'works. il is IlOW l1P to liS to 11('col11<' a IJ('W \)\'('l'd of (~evl'lop(-'\'s. dl'v(·lo!>P\'s 

wlt,h a II<'W ,d,t,it,lId(' t,ow<tl'ds lISill).!, "ilOt, illv('lÜec\ by Ill<' ("lHh-" \ d('vdoJl('\'s, tu qllo!,1' 

IrOIIl Ib-k [OBIISX(i]. "with aIl o)I:-'('SSiOIl for sill1)Jlicit.y. who ar(' willillp, to n"WJit(' 

('(HI,· Sl'V"I al tillW:-' t.u plod1l1 (' ('tlSV-Lo-IIIIII(·rs1.éllld alld t·dsy-l,o-sllhrlas:-. class('s"_ 

.Just as the Eskimo has many different words for SHOW, we have luany 
wonls for rellsahility. A plausible conclusion is that reusability of frame­
work cOlllpollellt.s is (or should be) as ÏInportant in our lives as snow is in 
tlw lifp of the Eskilllo . 
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Appendix A 

CONTRACT 
Constraints 

Th(, Connection Coutract 

contract Connection 
DESIGN PATTERN : Connection 

participants 
Active: 

Macrote(~ 

Conunand 
Shape 
Shape 

ConnectionCommandRequest; 
Shapes; 
Connect~onShape; 

Non-Ac-tive: 
MatrixConnect in ConnectionCommandRequest 
Connection in MatrixConaect 
ShapeConnect in Shapes 

ConnectionCommandRequest supports [ 
matrix : 2DArray(MatrixConneGt) 

Legal(begin:Shapes,end:Shapes):MatrixConnect{ 
return m at location (begln->GetValue(),end->GetValue(» in matrix 

} 

TrackMouseConnectRequ9stCbegln:Shapes,end:Shapes, 
connectType: int) : boolean { 

MatrixConnect : entry 
entry = Legal(begin,end) 
if (entry) 
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] 

} 

If «begin->TestConnect(entry.connect[connectType] ,end)) and 
(end->TestConnect(entry.connect[connectTypeJ,begln))) 

return true l.e connectlon permltted 
el se 

return false l.e connection NOT permltted 
el se 

return false 

BeginExecute(begin:Shapes,end:Shapes,connectType:lnteger){ 
if(TrackMouseConnectRequest(begin:Shapes,end:Shapes, 

connectType:int)) 
return ConnectionShape.NewConnection(begin,end,entry) 

else 
Refuse the connection! 

} 

Shapes supports [ 
value Value 

Array(ShapeConnect) Coll 

GetValue() :Value { return value} 

TestConnect(connTypelnfo:Connection,other:Shapes):boolean { 
ShapeConnect : ShapeConnlnfoj 

} 

If «ShapeConnlnfo = Search(connTypelnfo.conntype,other->GetValue()))) 
if (other is END shape) 

if(connTypelnfo.max-begin == (ShapeConnlnfo.count) 
return false 

else 
UpdateIO(connTypelnfo.conntype,other->GetValue()) 
return true 

else 
if(connTypelnfo.max-end == (ShapeConnlnfo.count) 

return false 
else 

UpdateIO(connTypelnfo.conntype,other->GetValue()) 
return true 

else 
Create(connTypelnfo.conntype,other->GetValue) 
return true 

endif 
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] 

Search(conntype : integer,ShapeValue : integer):ShapeConnect { 
forall c in Coll{ 

} 

} 

if Cc.conntype == conntype AND e.ShapeVal == ShapeValue) 
return c 

return 0 

Create(conntype : Integer, ShapeValue . Integer)' vOld { 
Coll->Add(conntype,ShapeValue,O) 

} 

GetConnPosCOrigin:Point,Extent:Point,conntype:lnteger, 
ShapeValue:integer):Polnt 

{ 

return position according to Coll.conntype,Coll.ShapeVal 
} 

UpdateIO(conntype 
{ 

Integer, ShapeValue : integer) vOld 

} 

At entry in Coll with sarne conntype,Shapevalue 
Coll.count = Coll.count + 1; 

ConnectionShape supports [ 

] 

NewConnection(start:Shapes,end:Shapes.matentry:MatrixConneet) 
{ 

} 

Draw(start->GetConnPos(matentry.begin-origln, 
matentry.begin-entent, 
matentry.conntype,end->GetValue()), 

end->GetConnPos(matentry.end-origin, 
matentry.end-extent, 
matentry.conntype,start->GetValue()) 

Draw(BeginPoint : Point, EndPoint 
{ draw line shape } 

POInt) 

MatrixConnect in ConnectionCommandRequest supports [ 

K!) 



• 

• 

• 

] 

connect 
begin-orig1n 
begin-extent 
end-origin 
~nd-extent 

Array(Connection) 
P01nt 
P01nt 
Point 
Point 

Connection in MatrixConnect supports [ 

] 

conntype 
max-begin 
max-end 
relShape 

integer 
integer 
1nteger 
GraphicalShapes 

ShapeConnect in Shapes supports [ 

] 

ShapeVal 
conntype 
COUl1t 

integer 
integer 
integer 

instantiation 
ConnectionCommandRequest -> BeginExecute(begin:Shapes, end:Shapes, 

connectiontype : integer) 

90 
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AlIglI:-.t lq!)~, 

!)! 
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[ BI/of) J 1 

[BIO';7] 

ll>l\Îli] 

(;I,"ly B(Jo(11 ObJ,d (Jmll!,r! IJr""/ri 10t/11 A/JfJl/(·allon" B<'n-
j'lIllirl/Cllllllllillg:-. 1'1II,li .. .,Ilill)!, ('(JIIlI'rlIlV Il)( .. B(·d\\(J()!1 Cil\'. CA. J!HIJ. 

'J. l{rggl·I .... 1..dr dlld ('. Hiclll('I. I{(·":-,,d,ilit\ 1'1 allll·\\'()J'k. d:-':-'(·:-':-'IlH·"l. alld 
dil('( tl()IJ:-'. 1I~'lj'F ,)'011 wu/'( . 'Icn'll (11). :\Iitl( h 1!IXï. 

FI(,dl'l i(')'; J' I{rl/!lb ,~o sIlv('1 '"I1kt - (':-,:-'(,11('(' ,lIld d('cid('lIb of' ..,oft\\',l\I· 

(·lI11.")(·(·llIlg. /lj'fj''''' (fmI/l'III, T'. ~IJ( '1) 1- 1,1, Apl il 1 m';i, 

1,(·1,('1 ('Odl!. OI,j(·rl,-oJ'i(·II1.('t! patt(·I'Il:-'. ('O/f//IIIIII/(·O//OII ... of !III A( '.\1. 
:~!i(!I)'I!i~ 1 r;!I. S('pt('IIlI)(,1 1 !19~, 

St(·V(· ('o(Jk. l'dl)(·1 l'~: Varil'1,i('s or illlJ('J'iLIIICt· III I)/y)( l' dlllq., of 1111 
J.')H7 (.'(J1Ir, /'(1/(', 011 objtl'l-Ol'/fltf,d e/'O.'lI'OIIIIIIIH,f/ S'li"!' 1/1", Lan,ql/(Ul(." 
(///,(/ ;\fJfJ/i(,(I/I01I."', Addf'1ul/l1/l /0 IIIf fiI'o('( 1 dl1l!l'~. pagl':-' :{f}--:1II. Florrd". 
1 rSA. 01'1.(1)('1' ) !IX7. J\ssoci"tllln roI' ('Olllp"t illg MachilH'ry. f'arwl Dis­
(·"S~I()lI. 

L. l'. I)(·ut.sdl. Hl'lIsahilir.y in tlJ(' sll1ctlltalk-XO plugJ(llJlllling sysl,I·1l1. III 
WOl'I" . .,ho/J 0/1 Ut lL • .,a(J/!illl III I)mq/'flilil//,//IY. p<1)!,I':-O .ïi il. (:\(·\\'pUIt., H. 
1. SI·Pt.), I!m:l. ITT l'rogl'étllllllillg, StratJol'd, COI1I1. 

1".1,. J)pHI'IlJ('1' éllld II.II 1\1011. Prop,rallllllillg-ill-t.IH'-larg(· V('I :-011:-' 

pro)!,rrlllllllilll!,-ill-tlH'-Slllélll. IEEE T/'a1l ... ncllfl1I8 01/ Sor/lI'n/'(' 1,-'/lf/lllf, l'-

111.'/, SE-~(~):K(I ;-';fi, .JIJIJ(' 1 !l7H. 

ll':(:!)~] Tholllas Eg)!,l'lIsdl\Vih'r alld Erich (;alllllla. E1.++swdpsm<tllag('1 : \l:-.illg 
(JI,j('( t. 1.1'( 11I1(JJogy ill t.he lillancial l'lIgilll'I'1 illp, do III ai Il. III jJ/'()('ll'dlll!! . .., of 
Il,, (.'onr( /'1 1/,'1 01/ O(,.If('/-O/·I('/lI('(! l)mqml7ll/llllg: ,)'.IJ.'i/CTfI.,-, Lallrjll.(l!!( . ., 
O/lrl ,\pl'l,,·(///01/."" VclIWOIJ\'I'r. B.( ' .. OctolH'r 19!)~ 

l ES!12] 1\'1. A. Ellis alld B. St l'ol\st,mp. TIIf ([/lllo/ail fi (.'++ /'t rl/'I 1/,'( I/wtlllal. 
AddISOIl- \M'sl('y. 1 !)9~. 

[F1l1'1>-I!II] W.B. Frakl's, T .. J. Biggt'l'st.alf, H. f'IÎI't.o-Diaz, h:. Matsnmlll'a, <tud 
W,Srh,\('fl'l'. l'al1<'1 1: Is SOft,Wélll' HI'llS(, f)('liverillg't III P/'Oc('((!iU!! . .., of 

II/( Thirtt'I/I/II 1"/I'I'/w/iOlwl (.'o/lfrl'I'w·(' on SOPWIlI't Ell.'liw'cl'l1lg, pctg('s 
,r)~ :).1. A1Jst.ill, '('pxas, May Hl!)). 

[Frrl!)~l (lit kh FI <1 Ille 1 )1'Sigllillg pro('('(!1l1l'S wit,lrill ail ohjl'c1.-ol il'l1Ll'd t'IIt.!'l pri:-,(' 
IIH)(h·1. III I)/'()('( t dll/!! ... of IIIf 'f'I1/,.d IU/1 l'1w/lOlwl Wo/'kl1lg (.'ou.ft l't ft( 1 

0/1 J).IJII(llllll· Mor/rI/mg of Informa/Uni 8.tJ.o.;tnl/.~, pagt's :l{)!)-:JH.l, Noord­
wijk('rhu1J1., TIlt' Ndh<'llands, .JUill' 19!)~. 
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[F\'('~ïl 

[CaIll91] 

Pdl'I 1·'II'l'lllclll. .\ pl'\'~pl'l t 1\ l' 01\ 1 1'1 1 .... " I\ltt \ 11\ l'II/I)! /fil "','1/11'1111 

Ht Il .... ([1111111/. pcl!!,l'" ~ ~. WEI-: (\)\IlPIIIl'I SOI il'! \ 1'11':-''''' 1 q~., 

EIICII (;dllllllél. ()!J/tJ.·/Ol'ltll/1t rI, 801/11'111'1-1,'11/11'11'1 .. 1111/1/1/1/1 H/I ... /III/",,1/ 

/<'1'++: /)t ... /f/II-.H,I .... /' l', !\I(/ ....... ,III"h1/II!lul", 1\ t ,./,"1 //I/t l'It\) tlll''''I''', l'III 

vl'l'~it~' of Z1\rich. S('pl('IllI)('\, I!l!ll 

D. (;<111,,1\ 'l'II!' 101l' of 11I111l.t! 1(,1\ ... ,11,11' Il.tllll·\\llrk.., 11\ l'l',/( 1 l "/111/' 

of /lu .. I( 'J/ S/(,',')OF /' 111ft 1'11(///0/11/1 \, tll'h.,ho/J 11/1 ,"'(/111/111 \lllliu,/ ... il, 

So.f!W(I/'t nt 1·t/OJiIl/( 1/1. P<I!!,(':-' :îï il, (~'l\'cI. (',d" ). :\ldV Iq~:~ \(,i\1 
PI (.,,~. Nf'WYlII k. 

Eric (;III1IChs('1I <llId 1'1 ,t! 'l'Ill' l'IrllIl·I\·'\t HUll\... /', (IJIIU (/1 Ut IJOI'1 .., /'l' 
.I:I:I-,'·.,'fj. JlI('( '. 1/1 .... //11, l't,/'a ..... Im·:ti. 

[CII.lV9:~a] E. (iallllllél. H. Ikllll. B .JlllllI~OIl. <llId ,1 Vli~"ld('~ Ih'~q!,11 ".1111'111:-' 
Ahst.ractlo1\ éllld \'('1\:-.(' of ohil'I·t \/ril·IIt.(·d d(,~I!!.II. III I,'III'O!JI 1/1/ ('(/1//1 Il Il. 1 

011 Ob.lll'!-Or/f/l/II! 1 J/'{)/Il'II III 111/11,11, l\dis('rlrlIILI·II. (:l'llllrllI\. ,lld\' 11l!1:1 

[CII.lV!):~hl E. Célllllllél. H. Ikllll. B .lllIIlIS()II. rlllt!.l VII:-.:-.idl'~ 1lt'~i~1I p,tltl'III'" 

Ah:-.t.\'cll Lio1\ c1l1d \('11:-'1'01' ol,il'I 1. lJ\il'lItl'd dl'si!!,l1 - A (',II,tlllg 01 ()l'II'I 1 

[IIIIWm] 

[lIMHtl] 

[liuln] 

Oril'l\1,I·d J)l'si!!,l1 PaU('I'IIS '/, (·hl/mr! Ut /Jo'" 111 l'I'III/ll'ailo/l, I/UI !t',-
, ... Iol'ch !),U/ .... /Oll, I!)!).~ . 

Salljiv (iossaill. Ob)t f'I-()/,/( Il/III /J11·,loIJI/Il ni (ll/d UII/,"" 1'111) t III"·,J". 

Il Il i vl'I'sity of Es~;('x, {r 1\, Sl'!)t ('1111)('1 1 !)K!) 

Simo\l (:ihb~. 1 )1'lIl1is 'l'Sil hllt,zis, ":dlléll do ('dS.! I~. ()~I dl Ni('I"t 1 d',Z. ,,"d 
Xavil'I' l'illtad(). (~Iass 11Ic1l1d1-',('11I1·1It. lOI S()ltwall" l'IIIIIIIJllit,I"~ ('O/llIl/I1-

Il/CatlOlI,'" oll!/( ,I(:M, :\:~(!»):!)(l l(l:~, SI'pklldH'1 l!j'Hl. 

Hicllcll'd \I<'lm, lall M. \lolléllld, éllld Diptlyilll (;,III~Opr1dllycly (:lIlIt Icll 1:. 
Sp('l ifyillg I)('\taviulcd 1 OlllP()sit.ioll~ III ubi'" t.-Ol \('1I(('d :-,\,,,1,1'111:' III 1'10-
l'/fr/mg .... (Jf IIlf ('ol/f, /'/1/1'1 011 O!Jjl(I-()l'/tl/ltrl /1/'1)(/111"/1111/111 ,'-,'1/ .... 11111, ... , 

L/lngllny/' .... (l1ul lll'pl/f'(J/IOII .... , Pél1-',I':-' 1 hl) 1 :-:0, Ot,t.rlWr1, ('dll<ldd, ()I 1.01/1'1 

19~IO. A~so('iélt,ioll for COlllp1\t.lIl~. :V1,1l Ilill!'ly 

E. Horowit.z dud .J.B. ~'I1\II:-'(lII. Ali l'XpriIlSiv(' VII'W 1,1 Il'II'HiI,I,, ',olt 

\Véll'<' !m~',,: '!hII/MI,dwll .... O/l .">'Of'III'IIf·( VI//llt/II 1'11111. SV I(J( .... ») ,1'17 1:-:'(, 
S"plt-IllIH'1 1 q:-i~. 

1,1I1 M, \lolI,iIId. Sp('l jlyill1-', 1('II~,d)ll' ")lIlpOlll'l!t~ 11~11I1-', ('olllld' 1., III 

!J/'Of'l (({tl/N .... 0) roof .... .f)2!. 1)d1-',I'~ :.!K7 :W:-i. l'''li ... , l'Iilll1 f', 1!J!):2 
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A . .J"OIl,I . . J.N! B(·;lltli(·11. 0:. B(·lkil 1'1, :\ .-<'. J)(·11él«111' .. 1. ne~ltat IliIi~. 
H LI·lollf 11f'. T ,'v!ollhilill. alld ~1. Hq~ill,:!,. ({('f·tnlJ,:!,lIli1l (k('(Jmp()~lti()1I 

IIf (jl, jl·(·t-flll(·1I1 I·d :-,ofl W'II(· ,lIl'hill'ct 111'1':-'. ,],pdllli( ,t! Il'IH)1 1. Laval llni­
v(·I:-,ity. QlIf'·I)(', .. hlllf· 1!}!J~. 

[.JFXX] Halph E ./"hll:-'Oll ,111.1 Bliall Fool". J)(·si,:!,llill!!, 11·II:-,ahJc. c1ass('~ . .!O/U'IW! 
o{ ()b.Jf d-()/'If 111, ri /)/,Of!l'01l1lfll1l!1, 1(~)::n-;~!i .. JIIllI'j.Jllly 19XX. 

[,JfJla!l~l Hralph ./U!tIl:-'f)ll J)Of·IIIl1(·lItill/.!, fl',lIlll'\\'ol'ks llSill!!, pa u,1'1'IIS. III /)/'{)('(ul­

/1/'1 .... of' Il,1 (',mfr,., 1/(" 011 Ob./, d-O/'" nlr ri PI'O,f/I'a /1/lIIl11q: S,I/ ... I, /II ..... LOll­
ql/(/(I'," (JI/ri Ilpp!I('(II,On. .. , pa).!,('~ ():~-7(L Vall(OllVI'I'. H (' .. Oct,olH'1' I~H)~. 

I.JSX!I] CIII·i:-,tillil ,/l't.t(· ail" H(·id Smith. ExampJc.:, of l('llsahility in ail ol,jl'( t.-
01 ipll1.t·" pIO/.!,l'clllllllill!!, ('IIVII'OIIIIH'I11, III T. Bi!!,/.!,el'staff alld A. l'('dis, 
('ditol':-', ."'o.f!I/J(//'I "'I/MdJ/ft/y. Addi:-'OII-\V('SJc.,V, \{padill/.!,. MA. I~JXn. 

[I\CT'!'!JI] Hildulf h. 1\(,11(,1', Mal'y Call1('IOII, Hich.ml N. Ta.ylol', alld Dl'Ilnis B. 
TIOllp. 1 lM'1 illt('l'fill'!' d(·V<'lopl1l(·lIt illld softwaJ'(' (,IIViIOIlIlWlltS: TIlt' 
(,hil'OII-l :-,,Vst(·III. III /)"o('udlll!l'" of IIIt TI//I'/t, /l11i 1111, /'Iw/u)//a! ('011-

./i /'III", ml So{lwo/'l !"'lI!1I1HI/'lIlq, »a,:!,('s 2(;X-:nx. Austin. TX. May Imll. 

[1\ LO+!I:ta] Hildulf 1\. 1\('1\('1. Hicltal'd Ltjoi(·. Marialltl(· Ozkall. Fa~t-·z S,dm, Xi­
jill SIWII. 'l'dU T(H), alld (:. v. Bochllldllll. Th(· MaITot.(·(· toolset fOI 
(,ASE-Iltl:-'('" I)II:-,ill('~~ IIH)(!t·llill/.!,. III /)"(1('(( dlll.fJ, .. of ///1 Suth hdt /'IU/­

IIO//a! "·ol'k.~//OjJ on ('owjJlIl'I'-A,dtd Soflwlll't E/!!lI1lf'tI'I/!!I, pa!!,('s 114-
II K. Sill/.!,rlJ)()\'(· . .JIII~' l!m:t 

[1\ LO+!l:th] Hildulf 1\. 1\(·11('1, Hiellard Lajoi(', l\-lal'iéllllH' OZkélll, Fayez Saha, Xijin 
SIII'Il, 'LIli 'l'ail, and G. v. Bochlllanll. US('I' inLt'l'faCt' aspects ill the 
l' J acro1cc l.oolsl'1 fOI Il1lsi IWSS Il HI( !t'11 i Il/.!, a Ild :-,i III 11 1 a t iUIl. 111 /)/'0('1'( dlll.fJ .... 

of tht f,I,p" 1,,1, l'l/allO//a! (,'O"/f'" /1 Ct 011 Il,1/1Illn-('omjJlllt,' /nlf mctlOn 

(!)(I.~/t ,. St .~."/{111.": Ab/'/(l,qt fi !)/'O('('t dl1lg ... ), page :l!l:l, Orla lido, FL, Al1/.!,l1st 
1 !l!l:t 

[1\ LS!I;t] H Il.!,,I f I~. 1\('11(,1, H icha 1 d Lljoi(', and X ij i Il Slll'Il. Gxf + fi 1(' specifica-
1 iOIl. 'l'echni( ,,1 l "')oI't.. C('lItt(· dt> n'c1)('rclw mfol'matiqllt' dt' M(Jntl'~al 
(,HlM), Mllllf,n·al. .Jan1\al'y 199:1. 

[h()WJ~] HlIdolf 1\. 1\(,11(,1', 1'lal'ial1l)(, Ozkall, and Nathalit' Hico. Comparai­
SOli fOllel iOIIl·l1t· dt's o1lt.ils dt' SlIl1l1lat.iotl. T"chllic,t! !t'pult, Cl'utn' de 
\'('c\WI'c!w infoll1lat.iql\(· dl' MontH~éll (CH lM), Montreal, .Jl\ly 199:l. 

[1\ PKK] (; 1('IlII E. J": l'<lSII('1 d IId Stt>plH'1I T. Pope. A cook bouk fol' IIsi np, tlll' mOlIt ·1-
vi(·\\'-colIl.rol1el' péll'adiglll in sllléllltalk-KO. ./oll1'1!a! of Ob.lcd-O/'lf1!/rd 
1 )/'O.I/ra III /I//I/g. 1 ( :J) :2G--·19, A ll!!,l\!oot 1 Sq)/t'm 1)('1' HIXH. 
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[1' 1'1191] 

[L<'Vt'ï] 

[LHKS91] 

[Lip91] 

[MEN91] 

[Mt'yH7] 

------ - -------------------. 

('harlt's \V. 1\1'IIt').!.t·l. SUft\\'<lI"I' It·lI"'I'. \('\/ ('01//1'11111/(1 SII/'I'I ,11.~, 
~4(1):I:H -I~:l, .11II1t' l~Hl~. 

Mark A. Lilltoll. l'<,,d H. Caldt·)'. alltl .10h11 l\\. \,\i:-,:-,itll':-' IIItt-n il'\\':-' \ 
C++ graphical illtt-rfan' tOlllkil. III /'1'/1('1 ullllW' 1If' tilt '·S/·'.\'I.\ (' 1 1 

WOl'/.""/lOp. Santl' FI" Nl\L NovI'III!'I'1 I~I:-;ï. :\PPI'''ll'tI .. S /'1/1 nt.~1I/1/ 1/1/,1 

III/plI 11/flllallOIl of' 11111 l'l'If Il'.~ ,llId Ihi:-- i:-- " 1.lIc·)' \·l'lsioll. 

.Jollll A. L('wis, Sallic' i\\. lIellr.\', 1>I'II11is (:. 1\ .• 1'111' •• , "ntl Hobl'II S. SI hlLl 
man. An c'llIpt'lical stlld~r or t.h ol,jc'c·t-llI·il'lIlt'd p.I1 •• tll)..',11I "lld solI \\, .. 11' 
J'(·IlSI'. In I)rocndlll!l .... of fil! ('ol/./i /'1/11'1 (III ()b/II'f-()1'1/ /llld 1' /'(/1//'1/1//­

mm!l: Sy . .,II11/ . ." Lm/(lIW,l/I.'I and /\"/1"1'111/111/.'" P").!.I·S Il'i 1 I!lti, l'hOC'III\. 
A Z, Ot'! 0t,1'1 1 !ltll . 

Stmtlt'Y B. Lippman. ('++ /)mllll'. :\dtlis()ll-\\·I'sk~. "'1'11111.1 l'tlllllIlI. 
1991. 

John D. Mc<:l'I·).!.o),. Ob.Jt'd-Ol'il 1/11 d ."(I.!i 1/1,/1', rll If lloll/lIl /II 11/1/"111 /'///!I 

.'Iojtwa/'t' fol' /'('1/.';(. SAMS, Im11. 

1\11)('1'100. Mellllt·12oll. Flilllk CIL Eip,lt·)'. "lit! 1<:11 Il lia Il lit ,1 (:. Noik. (:X F' 
A p;l'aph t'XChélllg(' rO)'lllaL 'l't'ch Il il .d It'POI t, 1 Jllivl')'sity or '1'0111111,0, 
Toronto, .JlIly 1991 . 

Bt~rtralld Mt'y(')', 1{('lIsahility: 'l'II(' caSt' roI' ohjt·l·t-lIril·IIt,I·d dl'si~11 IW-,'I'; 
Hoftwon, tJ(:n:!iO-()/I, Marcll 1 !1~7. 

[Mt-'yHH] Bt-'rtrélnd Mt·YI·r. OfJ,I,d-O/'l( 111((/ ,"'o/~I/7(/'I'" (:01/..,ll'IldIOIl. 1'1'I'lItic'I'-lIall, 
IIIC., EIl~h'w()od Clilfs. N.J, 1~IHH. 

[Mt'y~ll] Swt,1, Mt·yt·rs. I>illi( IIIt.i(·:-- ill illtl'gratillg rlllllt.ivit,w dt'wloPIIII'IIt, :-'YSt.l'IIIS 
II~I!JE SoffwoT'(, ~(I ):19 !li, .Jdlllléll Y I!m 1. 

[OBHSH(j] Till) O'SIIt'(t, 1\('111, Ht·ck. \)all Il.dlH'rl, (11)(1 1\1111, .J. SI IIIIIC kl'I'. 1'<1111,1 
011: 1'1)(' h'éll'Il(t!,ility or ohj('d-III il'lIt(,d plllgr.1I111111111-', :-.y:--II'IIIS III h·(/­
cccd11l!l,'; of fh, ('ont, /'( w'' OH Oh/" I-Orll ,If, ri 1)/'(1.'//'(/1/1111/1111: S.tl.~/I III.". 

La1l,qIl(l,qf,~ and Appl/(·oflOl/.'i, pagl':-' !i01 !iIH, l'l/l't.I<1l1d, Olt'goll, S('ptl'III 
lH'r 19H(i. As!-ooci"t.ioll ror (:Olllplitilig Machill('r y. l'alld 1 )i:-,c Il:-,..,ioll 

[01191] Harold Ossl)(,1 atlll Willialll lIal'l'i:-,oll. COlld,ill(J!,ioll 01 illlll'Iit<lIIC l' Ilil'l 
al c\ii(·s. III 1)/'0('( ((ll/IfJ .... of' I/'I (,'o/l/i,., 1/1', 0/1 (Jh" l'f-()/ Il II/trl IJ/ Olj /'f/I1I­

mi1l.'l: Sy . .,/t 1/1 .... , LaTl,f/I/,(/,.'It ... (lI/ri /\pP!II,tllul//,.", pa/!,I':-- 1,r-, 10, VellIC OIIV(", 
B.C., 011,0111'1' 1991 . 
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[o.l!IO] 

[HO!'!)O] 

[SdISh] 

Willi .. 111 F. Opdvl{(' alld H,dph E . .J()hn~()11. Hpfétcl,oring,: ail aid il! dl>­
..,iJ!;llillJ.!, ,11>1'11« ,diOII fnlll)('wol k~ alld I·"'JIVIII).!, ()1,jl>('f-oril·lIt,·d sy:-,t,I'Ill~. III 
Ilmf f tf/III '1."" o./.,,·.'j//lpO .... /llIIl 01/ Ob/fd-On( 1I1( ri 1)1'O!/1'(/1II11111I.'/ Empha.....,::­
'"'/ 1)1Il"'/('(// /1,lp/,nJ/IfJ1/. .... (SOO/I/I,t). l''W':-' )·li'i- WO. Sqlt, '1l1H'\ )~H)(1. 

HlIlH'1I l'rido-Diaz. IllIpl"llH'llt.illg fac('\"d c1assilicettioll fOl soft.waw 
11·1l~'·. (,'O/f""Il1t/('alum . ., of IIIf !1(,'M, :J4(!'i):;-J;-J- ~)7. May 19~)) 

BIlI""\1 l'ril'l.o-I>iaz. Makill).!, Sofl,wan' Hellsl' "Vork: Ali impknwntatioll 
lIIod,·1. !1('M SI(,'SOF'J' So/'lW(//'t E1Iqmff/'l1/(j Nol( ...... 1(j(:~).(jI-{iS . .Il1ly 
Il)!)) . 

. lal1l1':-' HllIltllélllgh, Michel,,1 BI,dla. Williellll PII'lIl1'rlani, Fr('(le\ick Eddy . 
• llId William Lon·lIsl'll. Ob)( d-ol'/('lIlt d j\4odt lil1fJ aw/ [)oo.Ql!. Pn'nticI'­
lIall, hw., 1~)!)1. 

c. V. Hellll'IIlIl.Orthy, Vijay <:arg, ami At1\1 Prakash. 
n'lIsabilit.y ill ).!,('Ill'sis. IEEE 7'm,ll.'illct/O/!.'i 011 .'ioftw(ln 
H(S):lltJ.1 Il!'i:I, Aug1\st. 19;-J~. 

SlIpport fol' 
Eu.'//ru ('l'mg, 

SpI'II('('r H IIgahl'r, St,l'plwn B. Ornlllll n, and Hicha1'l1 .J. LeBlanc' Hel'llg­
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