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• Rc~umo. O comportamento oportunistico (ad hoc:), caracteri1ado por desvios de atenção entre 
d1versas soluções parciais, tem sido reconhecido co111o um comportamento legftmo e e sperado 
durante a a tividade de compreensão de especificações de software. Em contras te com o 
comportamento orientado por objetivos (e.g . o compo rtamento top do wn), o comportamento 
oppo11unistico procede sem o suporte de um método o u um plano para solução de problemas. Não 
obstante, ce rca de metade da atividade de compreensão tem s1do experimentalmente caraclcritacla 
corno opportunistica. Portan to, não se 1xxle dcsprc1ar este cornpo rtalllc nto quando do projeto de 
métodos e ferramentas para suporte as atividades de construção e compreensão de especificações 
Este artigo apresenta um modelo enpenharil do compo1tamento cogni tivo durante a compreensão de 
especificações. O modelo cnfoca os mecanismos de contro le que orientam os compo rtamentos 
oponunistico e orientado por objeuvos O modelo é ba~eado e m uma interpretação de mode los 
e~tabelccidos em psicologia. e descrito c m termos do formalismo visua l stategraph. Es te 
f(lrlllali smo é orientado a C\J>ecificação de \i\ h.: ma\ di sll ibuidos e le.tti\u\ Em conclusáo, o modelo 
~ugere que o comporramenlo opo1 tuni,uco niio exclui toralmcnre o comportamcnro orientado por 
objeuvos. Um certo numero de ari vidadcs cogniti v<ts podem o perar cm paralelo, c isto !orna o 
mrema cogni ti vo capaz de mantc1 o cursn de açiio de acordo com planos ao mesmo tcmpo cm que 
e~ecu ra outra~ atividades O nhldclo c:, pccifir a os mecanismos que limita m e operam esta 
concon cnc ia 

Ah~lrocl. Oppor!un i~ r ic bdutv iour, wh1d1 h ch.Jtlll' lcri7.cd by ~hi ll~ bci\H'Cil p:ut ial \Oiution~ and 
dn iations from planncd actions , h a~ bccn idcnlifi o.:d :1~ legitim.l'h: and e~pcrted bch:l\·iuur during 
softv.are spcci fkation undcrs randing ln conlraq '" gna l oricn tcd behaviu ur, c:•rrm runi sric 
bchadour procecds wirhuu r suppl>ll o f a methucl t u gcuc1a l p1nhlcn1 solving pl.111 . Ncverrhele~~. 

ahoul half o f thc under~tanding bch:l\ it>ur h,l\ bccn t:h:u,lttel it.cd a~ nppwtunistic Stl, ir cannor be 
1grwrcd in dc~1gning mcthod~ and wols for suppo1 1iug ~pcri l itn tion building ant.l undc1s tanding . 
lhis papcr r rcscnts an engineering modcl o l C(lgnirive beha•iour in spcci licatinn unc:krslanding 11 
loru~es on the con trol nt~chanisms lhJI drive opp<,rtuni-.ril' and goJI oricntcd hch.1vinur~ ' I he 
propo,ed modt.:l is ba~ed on an illlcrpt el:llion o f an e\tablbhcd P')'chologic::almUtlcl and de~nibcd 
in tcrms of a set thcoretical visual formali~m. the statcgraph, able to repn:\cnt conc urrcnl and 
d1stril'uted components. As a conc:: lusion , in contra\! to thc 'icw in wh ich opportuniqir bchaviour 
" J:scribcd as plan violation, the llltldel ~uggcst \ lhJt OJ'pOrtu ni~tic behavio ur d tll!s not totally rult: 
<'UI gc:,al oricntcd bcha' iu ur. A numbcr o r undcl\tanding activitics can npcratc in p;~r;~Jit.:l and lo 
~ome extc111, this enubles thc cognirhc 'Y'tcnl lo kn·p thc cour\c of action\ accorJin~· to plan whi le 
unde1taktng o1he1 cngnit1vc :llllvitiC\ The moclcl 'Jlt'l ir1cs thc mct hani\nts th.11 undcll ic this 
wncun cm: c 

I Surr"n''<.l b} LmbrJJIJ iilld 1hc llr JnhJn NJt""'·'' R~,e.u• h Cnun< ol 'CNI'q' 
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1 lntroductlon 

Although it is recognized in software engineering that prcscriptive mcthods, surh as the top down 
method, are idealizations that will hardly be followcd stric tly, liule has bccn donc to undcrstand 
and support properly ad hoc activities. These activities are regardcd dilficult to managc, co~tly, and 
bound to produce incorrect solutions. However, as pointed out by Ouindon ( 1990), Dijkstra ( 1976) 
called structured programa d iscipline, suggesting that it may be not a natural way of programming. 

The idealistic view of software developrnent sussc~ts that it ig a I ational proccs~ . Oy rational it i\ 
meant that each stl"p taken can be shown to hc the bcst way towards a wcll ddincd goal. 
Considerable arnount of research in software design, programrning mcthods and related !opies 
concentrate on the derivatio n of programs frorn a spccification in the sarne way thal theorcms are 
derived from axioms in a publishcd proof. for example, Lchman ( 1984), Tur~t...y & Maibaum 
(1987), to name a few. Prescriptive methods, such as the c lass icaltop down approach or structured 
p rogramming have been proposcd with the goals of rnanaging complcxity and producing artifact\ 
that are easy to understand, test, verify, and modify. 'I his ídealistic ~pproach might suggcst a naive 
view that software engineers actually follow the prcscribcd plan. llowever, whcn software 
development based on peoplc is concemcd, lhe establi\hcd vicw (Pamas & Clcments, 1986) is that 
we will never find a process that allows us to dc\ign software in a perfertly rational way. 
Nevertheless, we can fake it; "wc can present our ~vstcms to othcrs as if wc had bccn rational 
designers". A brief review of Parnas & Clcmcnts aq,:umcnts for this two a~scrtions will bc 
considcrcd in turn. 

Among the arguments for why a software dcsign procc~s v. iii always be an idcalization are the 
difticulties in establishing ali the rclevant farts before start irnplerncntation and lhe inherent 
evolution o f these facts before thc end of th.: projcct. Evcn ii thc~c diflicultics c:m be overcome, 
there will remain o thcr diflicultics rclatcd to human lirnitariuns. lluman bcings are unable to fully 
comprchcnd the hugc arnount and varicty of dct,rils that rnust bc tukcn into account in order to 
dcsign and bu ild a corrc:c- t systcm. Large part of the cll~ut in software dcvclopmcnt is a process in 
which we attempt to separa te informar ion into marrageablc picccs I 'en aftcr this scparation, errors 
are bound to harren, and can only be avoidcd if one can :rvoid Lhe use of humans. 

Among the arguments for why rrctending to follow an idcalizcd software dcveloprnent process 
is useful nonetheless, are argumcnts related to good managcment of progress and project's 
ac hievements. ln addi tion, there are argurncnts that we can relate to practical human requirernents 
for good understanding and communication. Expcricnce shows that dcsigners necd guid:rnce. When 
a large project is undertaken one can easily be overwhclmed by the enormity of the task. lt is 
belrcved that a good understanding o f the ideal proccss wi ll help the dcsigncr in dcciding how to 
proceed. ln addition, the des igncr will come c lo~er to a rationa l dcsign if hc trics to follow the 
process rather than procced in a pure ad hoc basis. ln surnnrary, ir is bclieved that ide:rl processes 
lcad to better comrnunication lt makes design easicr to review by ou tsidcrs and e:tsicr to transfer 
ideas and softw are betwccn projccts. projert pltascs and projcct rnembcrs Spc:r ifi c-ation 
undcrstanding is an underlying component of the communicatio n process in software dcvclopment. 
llowever liule is known abou t it . 

The comprehension o f software specifications plays a much more important role in software 
engineering than has cornmonly been thoug ht Specifications are re lated to the notion of 
abstractions, and ab~tractions are important means for roprng with complcxity. thrng a given 
~pccrfications to achicve undcr\tanding is a comrnon pari of many actr\llics drspcrwd throughout 
the life cycle, includrng lt:aming, de\ign, programrning, inspcctron, marntcnance and reuse . The key 
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to the specification's role is prccision and undcr~Utnding (Tursky & Maibaum, 1987). Specification 
ts a process of achieving common u11derstanding ata suitable levei of precision. ln contras! with 
formal methods research, which focuses 011 precision, ou r work focuses 011 lhe complementary issue 
of underslanding. Many issues regarding how pcople understand specilications seem intimately 
relaled to human cognitive or ptoblem solvtng lirnitations. Suitablc tools and techniques may help 
to overcome some of them (Guindo11, 1990) llowever, lhe dcvelopment of such tools based on a 
sound engineering foundation requires a det;~ikd comprchc11sion of the cog11itive requircme11ts in 
this task 

2 Mudclllug Cugnltlvc Udtuvlour 

Among the many attcmpts to provi de lltis cornprchc11sion, two br(J:Jd gtoups are noticeable: I) the 
development of speciali1.ed representations, and 2) the development of models of the understandcr's 
behaviour. ln the first approac h, research on thc devclopment of speciali1.cd representations 
addresses the knowledge hcld by the understandcr, its structure and its relationships 
Rcpresentations such as " t lans" (L>ctienne, & Soloway, 1990) and "dcsign schcmas" (Gui11don, 
1990 and Soloway & Ehrlich, 1984) to name a few, offcr diffcrcnt, but relatcd constructs to 
describe different organi1.ations of the understandcr\ knowlcdge (Orooks, 1990) ll1is approach is 
bascd 011 the assumption that our ability to automatc paris of thl' undcrstanding process may be 
increased if more information can be captured in mcch:mically proccssable forms. A major prob1ern 
with models of undcrstanding ba~ed on knowlcdgc tcprcscntation is thcir inhercnt incomp1ctencss 
The backgroWJd ltnow1edge can11ot be represented as a set of explicit propositions (Winograd & 
Flores, 1986) The overwhelming nature o f knowledge may make it difficult, impo~~ible perhaps, to 
construct a complete explicit rcprl'~entation. ln the sccond aprroach, knowlcdgc 01ganiL1tion is not 
everything; the mechanisms that use knowlcdge are c:qually rclevant. A scientilic account of how 
knowledge is acquircd, retainc..d, and uscd in intcrprcting the world does not ncccssarily call for a 
complete spccification of ali knowledge (Johnson L aird, 1989). ln ordcr to understand how 
knowledge is used, rcscarch focuscs on the cognitive bchaviour, in particular on the control 
mechanisms Lhat producc the bchaviour and guide thc undcrstander in deciding whatto pursue and 
which parts of the problcm to work on next. Thc emphasis is on assisting the activity of 
understanding rdther than automating it. Modcls of these dymtrnic processes are in thcir infancy. 

Following thi, second approach, the dcvelopment of a modcl able to describc cognitive 
behaviour faces ~orne rcprcscntallonal difficulties. The charactcril.ation of comple~t bchaviour in a 
way that aids understanding and at the sarne time is amc:nable' to more precise analysis has been an 
issue in software and systern enginet:ring One of the difficultics of thi s characteri1.ation relates to 
the descnpllon of the modcl's reac11ve charactcr, through which Lhe systcm continuously reacts to 
extemal and internal stimuli The reactive bchaviour can not be adcquatcly desctibcd in terms of 
simplc relationships betwcen inputs and outputs, as commonly used to dcscribe othcr 1ess complex 
systcm~; the allowed combination of inputs ,t nd outputs may vary in time and depend on internal 
Mates of thc system. Such bchaviout is bcttcr dcscribcd in tenns of the set of allol.\ed sequences of 
events, actions and conditions rcstric11ng them. Another dtlftculty of this characterization relates to 
describing concurrencc and disttibution. ln co11current and distributcd systems severa! processes. 
which opcrate concurrently and without hicrarchical rclationship, should communicare and be 
controllcd. This charactcri\IIC can not bc adequately described in tem1s of relationships betwecn 
states of the systcm bccau\c it is vcry difficult to gel a cohcrcnt picture of thc syMcm global states. 
Systcms with concuncnt ColliJXlncnts may involve a largc numbcr of possible glub.tl ~lates which 
result from thc Cartc~iJn produc t of ali sequenccs of statcs and cvents of the cOrnJlllncnts 
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Blackboard architecture has been u~ed to charactenLe cognitive behaviour, for example (Viss. r 
1990). The use 6f this architecture to represent cogniuve mode1s may bave bec:n mducc:d by the fa' t 

that cognitive modelling and b1ackboard architecture share a similar basic approach: they try • · 

1ocate the source of cognitive activity in the characu:ri~tics of the undcrlying machincry. llowc\e' 
in contras! LO blackboard architccturc, cognitivc modclling is not dircctly Conccrned with how thc 
architecture is to be implemented, neither is it limited by the computationa1 tractability of iu 
rnodels. Since its origin, the potential of blackboard archi tecture for concurrence and distribution 
has remained an attractive posslbility. ln fact, most recent blackboard implementations are 
conceptually parallel and dlstributed models. llowever, the' promise of multiprocessing and 
di~tnbuted blackboard architecture remains largely untappcd. Constructing eflecti ve sequcntial 
blackboard based applications has been hard enough (Corktll, 1989). The systc:m's approach to 
control determines its potential behaviour, its coherence and comprehensibility. Control of 
reasoning in blackboard architecture is still an active research arca (llayes-Roth, 1989). 
Neverthcle~s. analogies can be drawn between cognitive modcls and blackboard architecture, so 
some times it may be useful to describe the one ln terms of the other from which more knowledge is 
avai lable. However, we found thatthe implementation oricntcd approach of blackboard architecture 
imposes unnecessary constr.1ints on discussing cognitive behaviour. 

A set- theoretical visual formalism called hygraph has been proposed for describing complex 
systems (llarel. I 987 and I 988). A hygraph-based extension of the standard \tate-transition 
diagrams, the statechart. has been proposed for describiflg behaviour of reactive systems (Harel & 
Pnueli, I 985). 1t pro vides means of represen ti ng complex rclationships betwcen components, like 
concurrence and dcpth, in a way to produce a concise dlagram. lt also allows the representation of a 
broadcast mechanism for comrnunication between concurrent components. A hypothesis put 
fo rward in this paper is that thts formalism may bc used to describe and discuss cognitive 
behaviour. 

ln this paper we advance an engtneering model of cognihve behaviour. The model makes use of 
the hygraph representation in order to convey some establi~hed hypotheses on the cognitive system 
functioning. lt is based on existing rnodels, in particular on the modcl human proussor (Card, 
Moran & Newell , 1983, l.ewi~. 1990 and Newell & Card, 1985) so, it can be de~cribed as an 
attempt to provide a statcchart based interpretation of a sub~ct of that model. An advantage of thís 
interpretation is that it provides basis for discussing these hypotheses in more objective terms. lt 
also concurs to the elaboration of more complex combinations of behaviour. I lere, three layers of 
behaviour are discussed. Section 3 introduces lhe basic reprçsentation of the cognitive system 
components and first and the second layers of behaviour. These layers allow for the discussion of 
lhe basic mechanisms of understanding. At the first and lowcr layer, a pattem of behaviour termed 
dispersion is counteracted by another pattern termed focusing . They are used to cltplain 
.rpontancou.r and rational undcrstanding, at the sccond abstract layer. Section 4 di~cusses the third 
layer in which opportunistic and goal orientcd bchaviour are explained. As a conclusion we 
suggest that goal-oriented behaviour and opportunistic behaviour can co-occur. A number of 
understanding activities can operate in paratlel and, to some c1ttent, this cnablcs thc cognitivc 
systcm to kecp the course of aclions according to plan while undertaking other cognitive activities. 
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J A Dlstrlbutcd Modcl of Understandlng 

This model is based on the desrription of the underlying cognitive components and their possible 
interaction. This description i~ presented in figure I. A detailed uccount of the development of this 
interpretation rnay bc found in Simplicio, (i 992). ln the diagram, rounded rectangles represent 
states: arrows represent transitions between statc~ or sets of states: dashed tines represent 
orthogonal, parallel, partition of states . .Small dotcd arrows represent initial state~ . When a state 
occurs it may cause further transitions in other componcnts. This is represented by the condition fin 
(state)/ related to a transilion. lt reads: if .uate occurs thcn the related transition also takes place. 
Thc rccurring rectanglcs in the working mcrnory illu~llate thut a numbcr of uctivutions muy be 
stored simultaneously. 
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Figure I. A statechart intcrpretation uf thc cogniti1c systcm compunents nnd thcir intcractiun. Rou nded rcctangles 
reptesent statcs; arrows rcpre~cnt uan~i tion bctwccn staw~ 01 sct nf state~ ; da~hed I ines represem orthugun~l. p.nllel, 
rJrtttton of Statcs. Smal l doted llnOWS represem iniual mtcs. 
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Based on this description, sequences of states can be inferred. Sequences of states rcpre~cnt 
behaviour. Some pattems of behaviour described in lhe model human processar can bc dascus\ed m 
lerms of particular sequences or stales. For eltample: 

• Many memory retrieval failures are e~tplaincd in tcrms of a spontancous decay ove 
time. This spontancous dccay is explicitly rcpresentcd as a transition into lhe workmg 
memory, leading to the state w-clear, which represcnts the fact that lhe information IS 

no longer available in the working memory. 
• The memory retrieval behaviour depcnd~ on the time elap~cd hctwccn the ~tonng :mó 

retrieval of the information. This pcriod will dctemunc which memory, tf any, holds the 
information. For retrievals done shoa1ly aftcr storing, inforrnation may be held in both 
memories. Given a start state tw-JÍorec/1, which means that there is information in the 
worlcing memory, a subsequent state I activatcdj in long term memory rLpresents thc 
behaviour in which the information is stored simultaneously in both mcmones. For 
retrievals done long after storing, info r mation is rctrievable only from long-tenn 
memory. This fact is illustrated by the following scquence: lstorcd, activatcd, lt-stored, 
w-clear] . · 

• The recognize acl cycle in which the cognitive processar operates is represented by thc 
sequence !action .felected, wait] . 'l'his scqucnce takes place when the state w-stored 
occurs in the working memory. This dcscription suggcsts that the cogni tive proces~or 
dvcs 110t hold thc control of thc systcm activíty lt\ npcrating cyclc i\ a consc•1uence of 
information available in the working lllcmory and the tcrm "cyclc" is not really a propcr 
tcrm. 

2.1 Dispcrsion nnd FocusinJ: 

More complex patterns of bchuviour ran be rrprc~cntcd lly C<>tuhining layers of st·qucnccs nf state~ 
ln the basic luyer two countcrar ting pattern~ of bcha vtour emerge fmm figure I as the core of 
cognitive behaviour: dispcrsion .u1d fucu\ing On thc um: sitie, during mernory n: t11eval tlu:re i~ no 
guarantee that activations in long-tenn memory indude lhe dcsircd infonnatiou: activations are 
hypothetical. ln figure I, th, relationship bctwecn memories is rcptesentcd in tctms ,,f a cyclic 
refcrence: the transilion aclivation tS íntttalcd by thc co11<htion lin (w ·slorcd)l . ·1 hc uansi tion w 
store, on the o1her hand , is initiatcd by thc condition I in (allivatcd)l . For example, the partial 
behaviour I w-stored , activatcdl point~ to a recur\ivc tcpt:lition of itself, lcading 10 qt:lcs that stnps 
when the infonnalion stot ed in the wot king mcmory dccays and reachcs lhe ~l.ttc w-clt:ar. Thcse 
cycles producc an effcct lhat wc tcnn diS(X'rsinn tcndcrwy Tlris cffcct providcs an cxplanalion of 
the phcnornenon Of "ac tivation Sprcading" dc\cribed iii thc 111odcl human pro<:CS\Of Jt \li(:{!I!St~ that 
particular mfo rmataon storcd in thc working mernory tend~ tO\\ ,n d dispcrsion: lhe prcviously 
aclivated info11na1ion bccome~ lcss acccssible aud new rclated infounation ari~cs continuously 
Since there is no guarantee the aclivation involvcs the propcr infounation, the cyclcs increase the 
chances of an appropriatc rctrieval lt is important to note that thcsc cyclcs are autonomou\. They 
will happcn indcpcndcntly of the kind of infoamation being activatcd nr its source. 

Focusing, on the other side, is related to the cognilive processar action . Thc sequence lactinn­
sdccred, waul o n which the cognitive pnx:c~sor opcratcs, lakcs place whcn lhe \late w stor('d 
occurs in the working mcmory Thc cyclic refcrcncc bctwccn the working mcmory and the 
cognitive processar, reprcsented by the condition lin (aniorr .fc/euecl)l in thc transition w-store, 
leads inforrnation selcctcd by thc cogniti~e processar to hc rc Mored in lhe woakin!! mcmory. The 
model human proce~~or bmadl} n:fcr~ to lhts a\ a "rt:frc,h" A prirnary cffect o f tlti s 1s to focus thc 
system on particular rcle vunt informauo n. A SC('Ondaty clfcd as to rc\ttict tltc dt\pt:t\Íon tcndency. 
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Thi\ rc\lricuon IHtppcn~ bcc.tu\e dt\pcl\ion is ha\t'd t>n ~wring new rclatcd inlurmation tn lhe 
worlung memory, rclte\lung old infurnJ.IIionrcducc\ the thancc~ for di\pcrsiorr 

.ll Autonomous and ltationul llndet \tnnding 

Unhke drsper~ion, focusing •~ not an uulonomou~ hchaviour 'I hercfotc its action must be driven by 
m~hamsms ut a higher ab\tract levei A ~econd l:tyer of cognitlve behaviour may be built based on 
the spec•fication of: I) what the undcr!ttandcr i~ trying 10 ·rchieve, 2} wh:u cogni1ive actions may 
support lhe auainmcnl of this goal and, 3) 1vhat conslraulls thc: task faced by the understander 
impmcs on 1hcse ar1ions 

hrM, whal the underslander is trymg lo achieve dcfmes whal we 1crm undaltandinR tarRt!t. The 
primary unders1anding largct is 10 build a symbolic rcpresentallon suilalile for ~toring infonnation 
in, and retrieving it from long 1erm rnemory (S<.:hank, 1986) Input inforrnation is said to be 
undCJ\lood whcn a rncmory structurc i~ found that indicalcs how nnd where to \ll>rc information in 
lt>ng lerm mc:mory Thc: undcrshtndur~ 1111r.•·t i~ a~:hicvc:d whcn the romponcnl/t lr.Jrr in long· term 
memory is ablc to s1ore intormation lend•ng to lhe statc lt·Jtort•tl for the sake nf clanty, we are 
di~linguishmg lhe lerm tnrJ<I'I, which we •ela te to the tesull ot undcf\landing as a proce~~. from the 
terrn l(r>ol, whilh wc relate to intcnlinns ur lhe uutkt\I;U)UCI For e'lalllplc, undc1~1andmg wrgcl~ 
may be achieved irrespcctivc uf undeJ\tandcr goal\ ln othcr word~. undcr~tandmg may occur 
independently of intcntion. 

Second, two d1fferenL ways lo support the aii.Jitlmcnt of the undcrstanding target may be 
d1stmguished.' autonomn•J\ undcrsl.urding, whkh rc\ult\ from inunedi:Hc matrh with mernory 
retncvals, and rational under<;tandmg 11.h1lh rcwlts frorn thc cognitivc proces'ior acllon During the 
proce~s of undcr\tanding, old sllucturcs from long tcrrn rncmory are c.•llcd ullo play. \Vhcn this 
retneval succeeds m matclung the mfonnalinn ai hand , Lhe undcr\tandmg tuJgct is achicvcd, Lhe 
new informalion "mnkes scnse" llo"'cvcr, \\ hcn a p11>pc1 rncmot y struclurc ~~ nol imrncdiately 
tound. lhcn undcrstanding rcquitC\ ' flndmg an appli<:ahlc uld ~lructurc. dcll' tntining ll> wlwl exlcnt 
it dtflcrs from lhe current situation and, ad;rpling iLto III lhe ncw ~ituatil'n Thcse ac1ion~ are carried 
out by lhe cognitile processor, to wh1ch wc relate thc 1crm "rational I hn cognitive sysiLJn's ability 
to achteve thc undc:rsranding targcl wllhuut invoh inr rational ucliom i' in part dut> r o üte dispcrsinn 
tendcncy As a result of dispc1sion ncw acli1a1ions will bc: r· •du,·cd conlinuously. lf lhe stonng 
romponent can find a match b'twrr" the infonnat1un at hand and an activ;Hion, Lhcn it may be 
~lored wi1h the old one Thts ts reptc:sented by the scquence lu .un~t•d, 01 tlnll<'li, lt .IIOrL"d] 
Rauonal understanding is illuslrated by lhe sequence 111 .wwrtl, anw11 <l'iccll'd, lt .uon•dl 1t IS 
relcvant 10 observe that si .. ,c thc \e tw-o forms of undcrstanding are ba\cd on diftercnt and 
concurrenl cornponents, one .tpproach does nol excludc thc o1hcr. 

Th1rd. in the con1ex1 of ~oltwa•c: \JlCt'itllation, at ka~tlwo rcsu t clion~ sc1 out lhe conduions thal 
orda111 what proce~sc~ are nccc~\ary to lhe allaiument of thc undcrstanding targcl ln addttion to 
neccssarily deal wi1h some fmm of ~ymbolic rcprc,enl:ttions, undcr~landmg al\c) involves lhe 
no1ion that informa1ion may exlubit d•llc•c:nt clabnralion le veis in 1errm ol co•nplelencss and 
con~istcncy. 
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3.3 Elaboralion LcH!IS .md l'romulioi•S 

lnformation being manipul;1tcd oy th e cognillvr \ystcm rnay Clll11h1t ddk1Cill kvel~ ol 
completeness and consistency ln tdeal tcrms, at the highcst levei ali rcln.mt mformat1nn I' 
collected and expressed 1n a selrctcd repre\c:ntatmn se hemo: and that 1s cohc:r..:nt "llh ali o1lwr 
structu res available. At the lo..,,est levei, mfotmallon \yrnbolirall) rcprcscnted p11lVIdcs SHnpk 
assoc.auons between extcmal ~timulus and knowlcdgc eventually acllvated m mcmory ln thc 
continuum between thc~e extremes, wc dis11ngui~h f1ve d1sc rcte point~ tha t "c tc1111 elaborat1on 
leve is. lnfo rmation may bc: unstructurcd, incomple tcly rcpre~cn ted. comph:tcly n:pn:\enlt'd. 
internally -co·•erent and ex1cmally cohercnt ll1!!h cl.1hnral 10n levei~ are dc.,rahlc propcrtrn nf thc 
rnfonnation uscd by the cognlliVc S)Sicrn Ncvcnht:lcss, lhi s 1s no1 always requircd 1>r allamahlc ln 
order to providc a pro pcr rcsponsc to the env1ronment, it may be ncçessary to el.1boratc thc 
available information to highcr leveis This claboration wc tcnn p1omotion. Fou1 prnrnntiuns are 
conceived. Promotion I sccks to lcad 1nfnrmatwn from the statc llflflrrntlllt'd to thc state 
iflcomplere. Promotion 2 aims to lcad info rrnation from IIICOIII[>h·rt'ly >t'pre.\rlltl' tl st<llc towards 
completcly-represemed Upgradinj! from campletdy·rl'f'lt'SCflletl state towards iflll'fflllll\ collcrefll 

s tate is carried out by pro mouon 3 Fmally, from thc úlfcrnally cohaem state pro mot ion 4 seeks 10 
lead to the externally-cohcrent statc A detailcd dcscnpÍ10n o f thc promotions is nol necessary here 
lt is relevant to observe lhat undcrstanding may bc achicvcd at any elaborauon levei and that 
promotlons may 1nvolve diffcrent patterns of bcha\'iour 

3.4 Thc Conlrol Ml·chuni"ll of l llull-r ~Curuliug 

The cogmt1ve S)Stem componr!nts are nm equally able to dr:.ll "'llh ali elaborauon leveis. some art 
restnctcJ to handle on ly lower lt:vcl\ ·1 lus IS reprcscntcd 111 f1gurc I by thc cond1t1nns l1n (ft<lll Jl 
assoc1atcd wlth tranSillons 111 wml-mg mcmory ' llw pc1reptual systcm actlvii'Y t\ rc\tncted ti> 
Íflcompl<'lt' statcs. ll1i~ IS lcprc\Cnt<:d t>y lhe cnndi tinn lu> l<"t~.f,·d) I lhe long 10.:1111 llll'lllnry rrtnev,tl 
IS rcstnctcd to lllll 'r•nfir•, / stalc\ by thc cnndillon I in \•11111 atn/tl l'hr: cn~nitivr: p~<>n'"l" actl\ li) 1\ 

rclated to ali \lates b) the cnnc..lilllm l111 (<lt'/11111 wlr·r tn/JI I hrs 111dic • ·s that nlll) thc cognltlvt' 
proccssor IS <tblc to dcal "llh allcL1horatron lcH·l\ Alll'OIIIponcul\ ma) rlr:.ll "''h prornntron I.'" 
\C\eral pattcrns of bdta\loul may k.1d to thl\ JllllllltJIHHl 

Smce some p1on1ot1on\ ma) hc an(•mpll\lwd b) lhllclcll t 111can~. lhe tt>gmtiH' \)\ICIII faces~ 

p<•ssiblc cho1ce hctwco.:B thcm t'or ''·"IIJlle. thc p1om•>IHHl I , ll n m 111111111< 1111<'.1 '"'"' ,>mf'lr·tt"ll 

l<'[lrt'.lt'lil<'cl \l.ttc\ ma) bc l.tiiiO.:d outl->1 bnth lonc llllll nll'IIHH)' art111tv anel 1'0)'11111\l'J'Hl('t'''' r 
1111s 1\ rcpro.:St'lllcd b) thc \r:quc ntl'' I• ,.tf,.,/. 11111/lltt uu.·.!, <l<lllttt.-,1. 1111 ' "''!'/' rd1 ,.,,,. '<'lllt'.i.ll 

.!lt>rt"JI and I• ndt'd, 1111.\flllltlllt'd, tllllt>ll "/1'< tr·cl. 1111 omt>ll·tdl , .,,,,.".,,,.,/.Ir q,.,,..fl 'I hcsc 

scqucnccs are po\s1hk bet.IU\c hoth lt>nr tn111 lllt'llllll) and cognltl\ e p11>1.T\v>r ran clc:d '' lth tho\C 
le1els ofelab<H:JIIOII llm ' t:I'CI, bct.lli\C lhe IÍI\1 \•·qut:n v ' rcwll~ liom thc autono111ou~ bcltal'ioul 

charactcri1cd by aut<>llolltous un<kl \ta11<.1111S 11 "ill1.1kc pLKc ""' 

Autonomou~ underst.r11d111g comes bdorc rauo·ral undr:rqaruinl)! llm•c,cr, l'>n .lrr\l' thl'Y sh:trc 
thc ~ame lMgct, 1hc1c "iii lir: no 11ccd to pul\uc 1he setoml unir:\\ thc 111\t fail\ to .Ktompli\h thc 
understand 111g targct A dcwilcd mcc hJnil.m 10 e~plain ltow long tcrm JIICIIIcHy 1nforms the 
cogn1t 1\'e prcx·c\~or that ii ha\ f<nkcl "IH>I IIClt' '""Y hr1t' Tlw l'ogniti\T p rnct:\\IH 111 11 bc arou,r:d 
to action if long- tcrm mcmory f.nl\ to 11tatd1 inf or111.1t1on and .111 activull<'ll ' ll 11s "n'plt:SCiltcd hy 
thc condrti1>n lm>t 111 (lt ~tcHnl)lln thc cogniti\C pw<.'C\\OI 111 figure I 011cc arou\<.'d ln auion it 
should rccogn1 1C what a c tloll\ '"l' appr~>prratc 111 dc;rl "rth lht· l ll'\C IIt d.ll>or;rtlon lncl 

Undef\tandlllg m .ty bc aiTI'IIlJll"hr:d h) p11>11H>Inrg """"""I'"'' 111 lrrj.:li<'l ll'H'h col ,t.d>~>r.llll>ll 11 
tlte ncw elaburat1o11 lc1t:l t.lll ht• \ti! I h . .111dlnl h~ rrrl'lllr>IV ·" '" ll\ thl'll ,1!'·""· .lu tc•llr>IIH>U\ 
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umkr\landlltj\ "'"' be ali 111ptrc.llu\l lf autoii(IIIIPU~ tiiHkr\lanc.ling flnd~ ii\ hmtl ol ac iHHl, in the 

11111 n •Ji•·J clabo1 Jllllll levei . lhcn pro nHHIOil\ c •"' hl' ran1eJ oul o nl y by ra11011JI undcrsl,tndmg 

~ ( '()(; ..... tttV E BEIJA \'l()l iJt l N l i ' IH-:t{S I'ANDI"'i(; 

ln ~um 11p \O f.1r. we havc: t:~illlllll('d palll' lll\ pf heha\1<~111 tnlt:llll\ nf \t:t)UCIIlt:\ ol \late~ b11ill 01110 

a ck~cnpllon of lhe cogn11 1vc con'l""lcnl\ ' I "'o la) t'l\ of hdt.Jvio11r ha vc bccn d1scu~~ed. Al lhe 

h.J\IC lit)cr, lwo counlcracling pallt'lll\ havc cmctgt·d '" 1clnan1 dtspcr,ion and focu~utg Al tht· 

\Ccond la:rcr, two (llhcr palh:rn~ . autonomou\ and rallon.tl u11dersta11dmg ~upport lhe auammcnt of 

thc undcl\lancl1ng targrl of btnldlllJ!. a ICJ11C\Cnt.ll11111 ablc to bc ~lwt·d 111 and rctncvcd from long 

tcrm mcmory Thc conlrol mct:ltalll\111 of unclcr\landlng wa\ clt'\crihcd by combi11ing lhc~e ways o l 

ach1e• 111g undcr\landing and diffcrcncc' m thc n.Hurc nf the lnfmm,llron ai hand "'luch may exhrbtl 

ddfcn:nl claboralion levei' for cornplclcncs~ and C<lll\1\lcncy Thr~ mccl;anr~m underhcs a lhrrd 

la)cr 111 v. h 1ch lhe rogn1lnc bchaviour IS diSCII\\t:d 

Reasonmg about goals and ways to ac lueve lhcm call' for lhe co11str11cllon of plan~ . nm nolron 

h1ghhghl\ a funcllonal di,linuion bctwecn CCllllrol 1.110>tlcdgc. charattcmcd in lcrrm of plan\. and 

othcr U\C\ of knowlcdge . v.lnch can bc tallcd pll)hlcm knov.lcdgc ln lhe conh;,l of \oflwarc 

\J>t:CtiJCallon undcrstandmg. lhe di\1111Ciion bt:lllt:l:l1 plans anel prnblcm kru"' lcrlgc Cllnc~poncls to 
dl\lrngui\lnng IH:Iween I ) rca\oning about whatto undt·r~ l.utd, nnd 21 lht• actualllmlt·r\IJndtng 1\1 

ltr~t glance, l he importance or cons1~tcn1 p lans a~ a way tn sucn:cd in deahng v.llh the world ma} 

suggc~l that lhe cogmllve cnpabtlity of bulldrng a11d revisrng plan~ should he carricd out by a 
~rcc ral CtHnponent of the cognllt~c S} stcrrr, o ral lc.1s1, b} a bl>t:l'ially ad.tplcd mcchal1 1\111. Jl owever, 

tht:re 1s no C\ idcm·e nl n cmrrporll'lll or JHOCt:\\llf 'l't't ilitally ;tlhlralt'd to lhl\ l11nttion Goal 

pr<>Ct:\\tl1g sharcs lhe samc ('<>!;11111\ c rt'\OUit t:\ U\t'Ú I<H protl'~\111!! nth~r lorms and use o l 

1-nov.kdgc lhe diSlmclic'n ht·tv.ccn 1hcrn 1\ 'i111pl) fun tlnut.tl llwrdcuc. gn.tl 1'""-"'"rrg r\ bascd 
011 lhe \iii iiC lllglliiÍVC IIIC.:il 1111\111\ li\Cd for UlltiCI\J,III<fÍIIf 1'1,111\ 1\ til h.tH' III ht• lllldt'I\IOOd III tfrc 

~.rme \\ilY thalprohlcm kncmlcc.lgc" undt'l\lcl<'ll llu\ \ÍC\\ col go.tl prc'l-l'\\lllg ;IIIIOUIII\ ln \J)ing 

that gnJI <•r ·•Ht•d hc h;l\ 10111 I\ ha,cd <III pl.rn 1111dr •.la ndlng 

Sutce goal pr<><:t:S\inr anel r•thc r inhllllldltPII l''""''""g \lt.uc lht· \.llllt'l'ognrii\L' rt'\tlllll'CS, lhe) 

lliJY t:t t:llluJII) he 111 C'OIIIJX'I JIIOII lf !!"·" Cllll'lllt'd hl'it,l\ lulll 1\ h.t\t'd 011 pl.tll Ulldtl\l.IIIUIII!! lhcn il 

1\ wpp011cd b) aulonntntlll\ llndcr\l.llllhng. t•r "hen 1h.11l.rtl\, raiHin.tlun.J.;,l.llldr ug IS t·alkd n11o 

pl.l\. sn li\ O drflcrcnt st tu.ltion\ 111.1) be t'll\ 1\.lgnl On tltc onc lt.rrHI, pl .ul\ th .ll .uc fr,·qut·nll} uwd 
at"<JIIIIt: \tahle rcprt"SCIII:tl lllfl .1110 dfct li\ C IIICIIIIII) linh \, Sll J'I41J'C:I ,lt:lit,lliOII\ (~11 imtt'J\C l hC 

ch.1nrc' o f autnnctmnu\ Ulldt'l\l,llldlll): ln .loldlll\111 , U\u.tll\ thcrt' 1\ "" llt' cl to ha•c plan\ 

ICJ''t:\t'llll'd 111 h1gh cl.lht>t,lllllll lncl\, \Cl ,IU JIIIIIIIIICIII\ IIP<it'l\l.lltdlll): 1\ CIIUll!!h ll \ .III ''C lht• prcl(t'\\ 

nl .ltJl\,IJIIIJI i\ CCI11tllllt'll l \\llh lhe JlllllC\\ ttf \ l tll llll! III lo11g IC IIII ll lCIIICll)'. and lht• \\Cllklllg 

lllt'llllll) lllol) hP id a 1111111hl'f ctf õllll\,1111111\ \lllllrll.llll"llll\1). ri lollct\\\ tltatgctal \lllt'llled beltJ\ictur 
hJ\t:d on aulnnoiiiOII\ undt'l\l.uulrng nray ''f'CI.rlt: 111 pcu.dlt-1 "'i1h otht' l prott'\\111!' On lhe <'thcr 

h ~nrt . "ht·n .rutOIICIIIICIII\ unclt 1\l.rucllnl' l.uh lht•n gn.rl I''"' t'\\lllf; "r li ht• h,l\ed 011 ralron;rl 
1111dt:l\l.rndu1g l n tlu\ <' ~1\t', 1111.: rrec:d l«r go.tl J'll'lt' \\1 11): nr;l) n•n1pclt: lo1 tht' 11\C nl lhe rugnili'c 

prort'\\Or \lllh olht:r nc:c<h of inlorrn.111n11 prt'l'C~\111): I hl\ tOIIliX'liliOII I\ po\\lbk bt'tiiU\1! lhe 

\\ 1111.111!! llll'IIIOf)' 1\ ahlc ln \llllt' \C\l~I.JI .Jtii\Jitllll\ \lllllril,llll'OU\1). but l hC t'O):IIili\'C p rtlCCS\Of 1\ 

~ble 10 fo<:u\ 1111 o11ly <>llc at .1 lllllt' 
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4.2 A Compcting Siluution 

We dcvisc lhe following exumplc to illu\llutc thi\ ullll)lCting \ltuatinn 'IIII\ n :11nl'k '"I' "''I'"~ 
by lhe empincal study conductcd by Vt~ser, (1990) Lct u~ \uppo\c unundc1\lamlc1 \t:lil)tll)! tlu 
externa! coherence of an 111bi11ary SJlCcific<Hion \cgml'llt 'I<> he 111 tlm \l,tlc IIIIJ'IIt'\ that 1111 
spccification segme11t was 1101 auto11omou\ly untlc1~tood, a n:prc\cnl.lll\>11 \thl'mc wa\ acll\ill\'d 
from memory lo accommodate it; this reprc:sentation was prtllnotcd to thc tlltCIIIilll) tllhCICIIt 
elaboration levei, and now, it is bung promoted to thc C)(lcm;dly cohe1cllt cldhor.Jtlon levei I ht\ 
promotion may involvc le~ling consequences of thc dc~rriptiorr <tga111\t ~ccnano\ of thc probkm 
domai11. Dunng the promotion lhe cogmtivc- pnxe\\or,.. llltll\lng o11 ,1 p.utKtd.n atll\al>~>ll. '"· 
autonomous dispcrsion is restrictcd to vcry cln~cly rclatcd activallom For\ xamplc. di\IX'r\ltlll ma\ 
help to activate infon11ation about scenarios of thc dvmam Ncvcrthele\~, thc umh:l\l,tndcr may al\o 
activa te the rcpresentatio11 of a11othcr spccificatio11 \Cgrncllt "hich is analogou\ lo that sq.:mcnt at 
ha11d, which is also 1101 fully undcl'\tood, but 'Who\c domain lhe undcr\land..:r 1\ more lamdiar '"th 
This activali011 could providc thc basis for autonomou~ under\tand1ng of that ltr\l 't'!!ntcnl 

llowever, because thc 11C'W spcc1fication ~cgmc11t is not ycl untlcrMood and her,IU\t~ mcmo1) 1\ ""' 

able to deal with i11forrnatio11 at this high claboration levei, thr p1omotio11 will prohahly ttHI!Inuc 
Dut, which segme11t w1ll bc fc>euscd 1 The under\l:t11<ler may conunuc '"llh the !11\l ~q·mrnl <>r 
dcviatc to the ~econd scgment w1th wl11ch hc is mote L11ntl1ar I hc tkl'Í\1\111 nf flll'U\111)' 011 o11c 
act1vat1on leads to aba11domng thc Nhcr Thc ab.md •nctl \t'j,:I11CIII 'Will fad..: :ma~ .rnd \\III ht• lo~l 

from lhe working memory Thcre IS 11\l gu:11anh.:c thatthu lo\l .1tti~a111>11 tanl•< ''''it•vt•d 1.11<'1 n11 

To preveni los1ng onc of thcse attlvallons, a plan ha\ to bc butlt to i11cludc thc go;tl of dr;thng 
wlth the abandonc-d arlivauon in the fulure Two issU\'\ ari\e i11 1111s case. I) 'Whc11 ~hould the 
postpo11ed activauon h• dcalt 'Wilh pn•pt 1ly ;111d, 2) wherc to ~rnrc thc pl.m in mcntnf) in 0rdcr to 
retneve it 111 due time I h1s pl<111 ma) bc ~lmplc cnough to bc pnx. c sscd 111 tcrms nf iJUlnnomnu' 
u11der;tand1ng ln th1s cast•. lhe plan" rc\trittcd I<• low levei\ of elaboration and thc1c is a rclalive 
high nsk th.lt ii \\llln<" ht• at 11 va1cd 111 due 11mc For e~.unpk. >f ai lhe ••glll lllllt' lhe \llu.lllnn IS 

handlcd mtcnn\ nf aulonnniOU\ urltlcl\l<llldutg tht·n thc 'Y\1<'111 \\lll('l<th.thly p11Widt• no fot·u~mg 
to acuvatc th1s plan Also, lhe· futu c Sll\1.111!111 may not happen 111 thc \~ay 11 w.ts tol1n:l\ed. lhe pl.tl1 
reprcsentati0n may not hc \llllabk for rcprt\t'fl llng tht· future cvcn l So. an cffccliiC plan tu dc,d 
\O.Ilh thl~ COI1ntet \0.111 rcqUIIC I.JtiOIIJJ unJcrSl.Jfl.llll)! . ' l he J'IOblc:lll lll lhl\ \IIU<IIlllfl 1\ lhill h) 
focus1ng on the pla11, lhe l\\0 srgn1c11ts of the spcuflt a11on :11c at nsl. o f bt·ing loq ftorn IIICIIINy, 
C\CI1 for very S1111plc plans ·1 hl\ conftgu1c\ a rnnlpt'llng \lluatlt>ll I '" c~amplt' tlll' undt' r\l andc r 
may decide to foliO\\ dcaltng with the fn\1 \t:gln<'lll "llh .111 1111C1rupt1on lll'l '"" !.! t'lltlllgh to t.tl.c 
ltrlles a11d gu.1rantce that lhe wrond \t:gmt'l1t u.a) hc dc.tll "1lh 1:11n Bul . hcca•l\t' •a~ 111g IH>lt:\ Vt:l] 
prnb.Jbly rcqu1rt:s tramla1i11g thc 1nfmmat1nn 11110 a dtllclcnt 1Cp1C\t'IIIJI1on \Ch<'llll', c;m> ing out 
tl11s plan w1ll call for rational undc~tandmg As a con\t:C)liCIKC tht: fir\1 segmcnt I\ lwund lo l.tdc 111 

mcmury. 

4.3 Opportuni"n us u l' ronti\ing llt'lta \ iour 

11tc C'OIIIJlC!Ing \ilu,tllon tllu\ll.lll'tl aho\t' lllil)' bc \llllllll.lllled ,1\ I) lhe undt:t\l,nHI<> "lt~tU\111!.! nn 
a speetltcal1011 segmcnl n. 2) a rcl.llcd \t'glnt:n t h 1\ ;1\'ltv,lll'd 111 mcmory a\ opportunc·. 3) thcn: 1\ a 
goal o( dcalt11g \~ llh both ~cgi11CIIl\, <I) hutld111g d plan ahlc lo \liJ'I)IHI lht: at'hiC~CI11t'lll 1>f lhiS go.ll 
may re~ult inlo\ing o11c nr('ven hnth 'Pt'ttliraliun\cgnlt:lll\ltommcmot) ' lhe untk1lymg '~'ue 1\ 

'Wh1ch segment ha\ bctler cha>Kc\ nf hc111g re\'I>VCICd 1.11c1 An aii\\\Cr to th1s 1\~ue ltcs 111 the plan 

that was actually bcmg l ol111\~Cd hclorc tht: <ll' ll\ ,1!1"11 ol lht· '''!!llll'lll h. 1hat 1\, thc pl.m that Wil\ 

dn' mg tht: bch,l\ tour 111 fcx li\ tht: \t'!'mcnt a 11 thl\ pl.1n 1.111 ht· rt·• o\ l'lt.:cf. thrn \t'gmt·nt o m.t\' als11 
bc rc::covercd Thlt:C \IIIIJIIIIII\ 111.1} hnltl I) lf the plan 1\ gt:lll'IJI. \IIth ol\ lollo'WIIIg lhe tnt (, the 

,,, 
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sl'l"ltlll'.ttt<•n. li pH•h.thh t·an hC' ttlnvctcd C' t' d) hc:,;tu'e thc tcxt v. til I'H"tdc the a u xiliar) 
rn~mor) to hclp thc planrc~umpltnn 2) lf thc pl.nt "'lx·r lfir and ata ht gh dalwtatwn kvcl thc11 lt 

p1oh.tbh can al\n hc ll'Ut\Ctcd h} tl'·'"""llr ólhnut thr plan 11 ·lf. \) lf thnc ''·" nn pl.m. thc11 
l<•tU\Ing n or b v.tll tll,t~r 1t11k dtllc:rcttrl' '" otht•t dl\tllll'lll•ll\, ~ulh '"lhe tdnanrc of co~ch 
w~11tcnt 111a) bc nm\ldt'tcd lln,•cH't , "' thc \;IIIIC '' ·'' th.tt 10 1'>1nltl a pl;tn 111 de.11 v. tth ~cgrm:nt\ a 
''' b ma) lcad to thc l o~t of onc nr hnth \t'!'lltt:lll\. cnll\llkllng v.hll'h c>rtc ;, mmc: tt•lcvant may aho 
put thc:m at n\k of filtlmg rnmcnu11~ A~ a n)nd"'i"" \l~lllt'llt a offcr~ 111 ll\ ''"1\1 ca\c, thc ~ame 

•h.rnce ol bcmg n:tt te•cd as scgmcn l b 

11 111\ll'•'d nf hutldtng a plan lotk.tl I'"'Jlctly v. ri h wgnu·11t a "' h. lht' '"'"''"t;nltit'r ju\t clt·vtalc' 
ln \l'j,!llll'l1t /> thtll tlrcfl' \\III ht• lt'\\ 11 \~ ol ltl\lltg tt'IC\ôllll llllllllll,IIICIII III lhe IUtllfl' III addtiHIII 

tlu.:rc v. til bc h:\s ellt>t t 'J1C"' "" r.lltollal I''"' C\\ing. ln !!l'lll'l,tl. \tflllCIII a is 11totc ltkcly to ht• 
rctrtrvcd latn than scgmrnt h. butlding a plólll '" rleal v. tlh thr \llllólltnn ntól~ llot trnprn\C thc 

ch:tnCc\ of surcc\\: and \cgmt:llt b will bc '"''ti it '' lllll ck.tlt \\llh at nm·c l lru~. oppt>rtutli\lll' 
hdt;IVÍ~>ur con\lltutcs thc 111<>1'' pronti\int• wa\ to 'urn·c·d 111 d ·.dlll): wlth un1•rr l11 tabll' C\t~llt\ 

.Stntc 111JI1) ''nrld C\Cill\ ,uc ol tlm \or1. oppc•rtlllll\tll' bl'lt;lnourt\ thc t\ptral \\.C) of rcacllng. lt '' 
a "a~ of takrn~ adhtntarc of thc ~~~"''"'""'' J\:ttl.r~lc .11 tltt· ltllll' ·1" bdta\c nppnrtunÍ\lllall) 
t orrnpoml\ to lollnv.1111' lhe !!l'll<.'r .ti ntlc tf Sollt<.'thrllg h,t, to ht.• donl'. 11 1\ hetttr to do ri at tllll'C 

Onc nught \u~rc't th;ll, 111 thr lo111~ run. to loll"" "l'l'"llut\1\lt<' beh.tvrour 111 lhe way clt.:\lrll'tl'd 
aho\C \\III katlthc tngnlll\t" \y\lelll to l h.h• '• 11""''~'1, ti \hould ht· nhwrH·d th.tt thl\ dnc\ not 
t'\dudc goal nrrt·ntcc1 bcha\ ttllll lot,tlly 'i !IIli' !'"·" "lll'lllt'd ht•h,t\111111 111.1) Jho lw ca11 rt.:d out '" 
:tllll'lllllll<lll\ IIIH.kl\t,IIIOI!Ifl it lllJ) futKIIIlll clk< trn·ly III p.nallo:l ' IIII\ llll',lll\ th,ll thc Cll)!lllll\l' 

\\ \lt'lll 1\ ahk to ~et·p lt.ll k 1>f ):l'llC:t;li and \lllll'k pl.llt\ \\ htk lllllh't Lt~tllg "I'I'PIIUlll\ltl' bt:hJ\'111111 
,\ tt'\trl<.llnll 1<1 tlll\ \l•tt"ll'l.lll" th.tt 111\ ll'llltnl t•• ln" t'l.lhnt.l.lllll kH'i\ I hi' ''a <h.ll.llll'll\ll 

I :tul<•rtnlltoll\ utHft'"l.lndlll!' I"' t'Utnl'k 1111' 1'1.111 ,, ""' <.lp.thl,· oltq:l\tl'tlll!! tlllllttplt: la~l'l\ t•l 
dt'' t.ltt""': 11 '' l•x·al Yct , thctc 1\ no llt't'd '"' pl.11" '"h· at I t)'h t•l,tlu,atunl kH'i' l•l \UC'n·cd 111 
l't.lll) lrcqut•nt al'tl\ ttit'\ 

lltmt cr. autntllllllllll\ ttndt'l\l.llnlllt~! 111.1\ 11111 h•· ''''""''"lo!''""·"' '"""'"'·'"dtllg ' I h!\ mal 
'' Cltr III bnth C,l\C\ III llltdt'"l,tlldlllj,! tlll: pl.tn PI III undt'l\1,11111111).: llll' j'll•hklll ln IIII: t.:,,lfllj'IC 

.rl><Ht:, .rutonomnu\ UIIO<'"''""'"'!! 111.1~ l,t<l \\(III<' Utllk"t:tlldntg tht• '1'0.:• tltt'.lltoll \l')!llll'lll .md ai"' 
\\htlc kt't' ('lll!! thl' l'PUI\1' Pl oll'llllll\ at'l't<tdlll/! lP ;t 1'(,111 l''tl'!'llllll\ :til' hnllnd lll ll.lj'j'<'tl , v.ln ch 

''''1''11''' r.lllllll,tl undt'l\l.Uldlll): \\'hnlllll' !''"''" "' u11d 1\l,ntdll•t• thl' ptt~l>l<'lll" ""·" f.nl\, tht.:n 
rht\ dnc\ nol lll't'C\\arth l'l'<i""'' th.ntgntg tht'l'l'lll't.tl pl.111 \ I• alplan lll.t) h,· ;(lll\,lll'd 111 Plticr 
tO <fo:,tf V.llh thl~ \IIU;ttlrtlllll ali <>J'j'CIIIUIII\lll' \\,1\ t\\ \\C lt.l\1' j'"lllll'd Pllt, "l'l"'llltlll\llt' hch.t\ IIHII 

''til I''"' tdt• hclll'r challrt'\ fot arh tn 111g '""k"tn11lt11g .tnd lhe ll'llll''al «! tlll' al>;llldllll ~d 
JCII\;ttu•n~ IJtcr o11 l'hc l~l'lletJI piJn 111.1~ ht· lt'\UIIIl'll .lllt'r\\.ttd " ""t'\1'1, 11 111 addtllon tn thr 
f.nlt11c 111 UIIUt.:l\talldlllj, thl' ptohlt:m, lhe p1nu·-., ~>lulldt·f\Uildllt!! th,· pl.111 al\o f.lll\, thcn \\C: h.l\c 
a ht c a~ l<lll 11 v. h ;r I O li C ";I\ li\ 1 11g to do h,l\ f ;11lnl. ;uut th,·tt' j, no li C\\ pl.111 to t 11cl ll' .ttc v. h.tl 111 do 
n,.,, ln thl\ ta'c g<•.tl pt<>tl'\\lng "III tt:qtllll' tall<'ll,tl undt'"t.llllillt):. anel tlll\ ma v hc lound 
compcllll!! lor lhe use n f tltc ro~'lllll\t: rc\ouln'' \\Íth tht· tu.:cd for cntdcl\t,mtllllg thc prohlcrn 
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5 Conclusions 

ln conclusion, 1I11s papcr focu\c~ on 111\Xklling lh<' t't>['IIII IH' ronuol lncrh .tn""" 1h.11 gu1dc .tn 
under~lander in deciding Y.hal lo pu1~uc and y.Jmh p.lll\ ol tht· 'J'<TiiJl,ol•"n to""'~ on nnt 
durmg lhe aclivtly of software ~pce~lll'allon unu.:r\landmg Cuncnl lt:\J.::tllh ~''''"''' llll' di\IIIILIÍ~>n 
be1wcen goal·onenled hchaviour, 111 wluch u plan ~~ lnllowcd . and opptHtunlqtl h,·h;l\'hHII, 111 

'"hich no plan is obsctl'ilblc Onc vtcw of oppotlunl\ttc hchavtour dc\cnhc' tt a' plan dc,Í.IIIoll\ 
(\'i,scr, 1990) This vicw a\\UIIIt.:\ that the cngmti\C 'Y'tcm lnlloY.\ a ro•nprcht:n\IH' and \\Cll 
dcf1ncd plan lhat i~ Jntcrrupi<'LI -wh1·n nc-w inf01 m;Jtion or nt'\\ n~nt\ ;uc ('<'H<'I"l'tl '" oppnlllllll' ln 
CUfllrlt\1 1 lh i\ papcr 'Higgc\1\ 11 fUiht·r t.JjflcrCII( ViC\V III \\-hilh tl j'J'(ll(\1111 \l ll.." i\lld fU,d lHit•nlc;d 

bchav1ours to a cc rtain extcnl can procced concurrcnlly A numhcr of aul<lii<>IIIOU\ unclt:l\tand•ng 
aciiVJIIe~ can ClJX'ralc in p:uallcl and this alloY. , thc cngn111vc \)\tem to kccp lhe t'l•lll\l' ••I aLII"n' 
accordmg lo a plan whJie undcnakmg othcr cogniii\L .or to v iiJc~ 

The modcl inLrcxluced hcre anai)~C\ thc~c mcd1ani'm~ and provicle\ lhe b:t\1\ lnr lunhcr wn1k to 
discu~s how software specificat10n uncler\tand1ng m.ty hc \Uflf't•rtnl by provtdtng .tn .tpp•npn.ll<' 
inlcracuon betwccn lhe undcrstander and a \CI ol ~PIIw.trc lool\ F~pcrirnl'nlal ev1denrcs for lhe 
mcxlel are cmcrging, rorcxample, (),avie~ (11)9 1) and Dav1c\ & Su11plicio (PJ92) 
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lutt"r .h.luut.~ .l'l' 'U4i 1-11 
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ll.ul'l. I) .. t. Pnu\'11, A t 1 ~)X\l (ln tht· 1h.·' dnp11u.·u1 ot l!'.h ltH• '' \lt'lll\ ln I P~'ll' a11d ~1oc.kl\ nl \.'onru rrt>nt S) '\te" li'' 
"\ lll A\ I"""~', 11. 1'1' n; · "'~ . 1\ K .1p1 1•·•11. '"""P'I \\·d.•r. 
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11 tl-1,,\r.ulcllm 1'1.:" hll 

Jnl"''"ll I JHd, I' 119R'Jt ~km.d '''""'" . "' \I l'n,IICI lt'd' 1 I "' !.111 >11\ ui C••rlllll\ e \li<' li< c. "-III 

I""'"' (' ( I'IIJI)) 1\ re,cardl .ll:<·nda !lu lhe lllll•'lll'' 111 llnlll,lll ( oullpll ll' l IIIICI.Illll>n, llum.m ('ompu!CI 

lntCI.I<IIOO ~.pp 12~ 141 

~'-• t"''-''11. J\ ,'< ( .ud. S (tt>X~l lht'J'IU\p,.,t, ft~l Jl') huL•ru.JI \tlt'IHt" 111 hu111 ,111 nuopult•r illh'l,ttlltlU IIIIIILH1 

Cnmpulcr lntci.ICIIOII, I,pp 71~1 n~ 

l'.illl,l\, ll & ( kmcnb, I' 1 l'l~hl .\ 1 ,111»11.11 1k • 'I'" pun•\\ I"'" .uut "h) 111 f.1~c 11. li I I· l1 ,1, Suli"a1e I llj.\lne.·nn~. 

I 7. ~ I'P ~~I 2 H 

c..;: , tunl R CI9Hh) I xpiJH,illun I 'Jtlcltl\ l 1 ntl t,; I\LUuJIII~' uwth.••ur .tlh antl l rt'.ltl\ch l.tv.H:Ihl' 1 tlh.•um A\\<)\'J,Ifl''· 

lnc 

Sunpll 10, r ( I'J'>I) ~1cutdhn,:: f'nrOitl\ r f\, h,t\ IOUI III 'ip··n1 h .tlton l'n·lt..·r,IJn•lll11' ln IS.ItO i\thJntet.l Rl'\l'Jith 

\\ l>lk\hop.l ~\Cf <."cnlrl'd Ht'•lllllt"l11t"lll\ illl '\nft\o\dll' l'llrllll'\.'llllf' ru\ itc lllt•ll(\, I tJUinU\l', I1JIIll". N.uu tSI I' 

SunpllliP. I ti •t<ll ft) M•><ldluiJ' ( 'nJ!""" e 11 , "·" '"'" in St<'t '' '' 1111111 I '""'"""''""r ln N.11<1 A h ,III• c&l k<''<',U< h 

\\ 111 k c.hr'p, lht.'l CCIIIIcJ HrttUIIt'lllt'lll\. f r •l f.\nttv .ur C'IIJ'IIIl't'l 1111~ I 11\ itPIIIl'lll\, l tttllou~C'. f l.llu,:c, NOIIU IS li' 

SII11J' IIt!O, r 11992.1) A tll\llthutc·,t Ulndt I t.t '"l''''"\1' hl'l. ,, httlf ' " ()pt'l dH alton l'lldt'P•I.liHhnl' ln I'IOC..l'Cdmg'\ uf 

'-: ·''" ·\,h Jn• ed tt:\c.u l1 \\'.'' ~ ·,h1 ·p ( TI H ti t' "1· jll_u:h ,uul 1111, ll·~·t'l11 1 I h 11• •IIIIH'IH\ h ~r h: Jl n•nr pU•J' r Jlltnttn~ . 

r;,.""'·'· "<Jiol\11' 

S td · .\,1\, r l;hrflth, K li 1)M.l, I fiiJIIIh .• tl ,,,Htlc:-\ III J•ll flolflllloll'l! ~ ••• ,.,h'df .... IIII /rrln\1/lllltn' Olt Ç,ojht(lfl" 

I t!J..:Inrom!!., lU. ~. pp .. ,)~to(.-) 

I UI·~•. \\ &. I\IJ1h;~um, I 11'1~71 I he ';pn ''"·"'"""I I ""'J'III<'I 1'"'1'' "'"· ''"'""'" \\ t''k) l'uh 

\ '''er, \\ f 11)'10) \1uc (li lê·\ ftliiOv.l ~· .1 l'l.111 ,1111111~ l.f, , jl~ll t 'J'flt•IIUIII,IIl th:\ i l lhtll\ lll \ )X."\.Iflt .1110 11 , /lltt'rtWIIcllttJ/ 

I ·urn.1l t1[ ~(,UI \1,J , lrlllt' .\;u,/u ' · \ '· \. 1'1' ~· 1 7 '!,.\C 

\\ I lU •J!l ·"'· r &. I 11 •I C\. f I l')l'\(, I l ,,,,,, , ,,,..~, . ... · I . ,.,,., , · , ,,,, , f .,.,,,,, i f1 \ tint , , .,,,,,,., ,n I •r , ... .. lt'll A h h.·~ Puhl 
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