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Unresolhedconflictscanintroduceinconsistenanduncertain
choicesinto a systemdescription. Suchinconsistenciegmply
nondeterminancandnondeterminisnis a badthing; e.g.Leve-
sonsaysthat“nondeterminismis the enemyof reliability” [2].

Requiremenengineerspn the otherhand,arguethatincon-
sistenciesarea goodthing [9]. To be humanis to hold anopin-
ion. To be an expertis to hold an opinion that otherswish to
pay for. Hence,a room of experts mustamue, lestary one
of themlosestheirincome. Inconsistenciesire not embarrass-
mentsthatshouldbeleft undocumentedRather their detection,
exploration and partial resolutionare a powerful propellantto
drive option discovery and documentation.Contraryto Leve-
sonks views, inconsistenciesanmalke a systemsafersinceun-
safesystemdypically resultfrom anunexpectedconsequences.
Exploringinconsistenciesandrive adesigninto azonethatwas
not previously consideredvhereunsafepossibilitiescanberec-
ognizedandrepaired.

But the argumentsof requirementsengineersmnay not con-
vince the broadersoftware engineeringcommunity If we cant
demonstratéhatsomestablesetof consequencasanbeinferred
from a spaceof inconsistentassertionsthen our requirements
will appeaunpredictablanduntrustworthy. Theoreticallysuch
a demonstrationis intractable. Gabav et.al. [1] shaved that
building pathwaysacrossprogramswith inconsistenpairs(e.g.
z and —z) is NP-had for all but the simplestsoftwaremodels
(asoftwaremodelis very simpleif it is very small,or it is asim-
pletree,or it hasa dependencnetworkswith out-degree< 1).
No fastandcompletealgorithmfor NP-hardtaskshasbeendis-
covered,despitedecade®f researchHence,computingall the
consequencdsom aspaceof inconsistenciesanbeimpossibly
slow, exceptfor very smallmodels.

Empirical resultsoffers newv hopefor the practicality of ex-
ploring a spaceof inconsistenthoices. Menzies,Easterbrook,
Nuseibehand Waugh[8] found that mostof the choicesmade
within a spaceof conflictshadthe sameneteffect. That study
comparedwo searctstratgies. In full worldsseach, oneworld
of beliefwasforked for eachpossibleresolutionto someincon-

sisteng. In randomworldsseach, whenN worldsarepossible,
onewaspickedatrandom.In averylargecasestudy(overamil-
lion runs), Menzies,EasterbrookNuseibehand Waughfound
that the averagedifferencein reachablggoalsbetweenthe ran-
domworldssearchandfull worldssearchwaslessthan6% (!!).

Theseresultscanbe explainedvia the funneltheoryfirst pro-
posedby Menzies,EasterbrookNuseibehandWaugh[8], then
elaboratey Menzies,Singh,Powell, andKiper [4-7]. To in-
troducefunnels, we first say that an algumentspacesupports
reasonsi.e. chainsof reasoningthat link inputsin a certain
context to desiredgoals.Chainshave links of atleasttwo types.
Firstly, thereare links that clashwith otherlinks. Secondly
therearethelinks thatdependon otherlinks. For example,sup-
posethe following agumentspaceis exploredusingtheinvari-
antnogood(X,~X) andeverythingthatis not a context or a
goal is opento debate:

a—b—c—d—e
contertl —f —g—h —i—j —> goal
context2 —k — g — | — m — —j —> goal
n—o—p—q—> e

While all of {a,b,..q} is subject to discussion, in the
contxt of reaching some specified goals from contetl
and contt2, the only important disputes are the clashes
{g9,—9,j,—j}. The {e,—e} clashis not exercisedin the con-
text of contextl, context2 F goal sinceno reasorusese or
-e. Since{j, ~j} arefully dependentn {g, ~g}, thenthecore
of this algumentis onevariable{g} with two disputedvalues:
trueandfalse.

Thefunnelof anargumentspacecontainsthe non-dependent
clashinglinks; in thiscase{g}. Theargumentswith greatesin-
formationcontentarethe agumentsaboutthe funnelvariables,
sincethesevariablessetthe others. Supposeour staleholders
agreethat g is true, thenin the context of arguing abouthow
contextl, context2 + goal, theagumentspaceaeducedo:

contextl —f — g — h — i — j—> goal
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Figurel: Experimentswith stochasticsearch

Thereasoningstartingwith £ hasbeenculled since,by endors-
ing g, we mustrejectsall lines of reasoninghatuse—g. Also,

thereasoningstartingwith a, n areignoredsincethey areirrel-

evantin this context; i.e. they do not participatein reachinga
desiredgoal. Further in this context, thereis little pointarguing
about{ f, h,1, j} sinceif ary of thesearefalse thennogoalcan
bereached.

Funnelsreducethe numberof consequencethat canbe in-
ferred from a spaceof inconsistencies.The abose example,
shaved a spaceof up to 2'° = 65536 discussionsabout16
boolearvariables{a..q}. Funnelsreducedhis spaceto oneis-
suethat controlledall the other consequences.e. “is g true
or false?”. Funneltheory explainsthe abose empirical results.
Most of the choicesexplored by Menzies, Easterbrook,Nu-
seibeh Waughhadthe sameneteffect sincemostof themwere
notwithin thefunnel.

Requiremenengineersanexploit funnelsusinga technique
calledstothasticsearch. Any randomlyselectedbathway from
inputs to goals must passthroughthe funnel (by definition).
Hence,after a limited randomsamplingof a spaceof options,
(i) part of the rangeof the funnel variablesmust have been
reachedj(ii) a few variablescanbe detectedthat significantly
constrainthe behaiour of thewhole system;and(iii) therange
in the consequencesf the inconsistenciesan be greatly re-
duced. In one study of this technique Menziesand Kiper ran
1000 stochasticsearchever a rule basecontainingheuristic
costsandlikelihoods. The rule basecontainedmary contradic-
tionswhichtheinferenceengineresohedby arandomselection
of aresolution.Further the costsandlik elihoodswerealsoun-
certainandwerevariedover awide rangeprior to eachrun. The
resultsin Figure1.A show alarge spreadn the final costsand

likelihoods(chances).This resultis intuitively obvious: given
inconsistenciesind unknavns, a wide rangeof behaiour can
be generated.However, becauseof funnels,the rangeof this
behaiour canbegreatlyreduced Usingsomesimpleinduction
techniguesiMenziesandKiper foundafunnelcontainingoneat-
tributerangethatsignificantlyconstrainedherestof thesystem.
The box-plotsof Figure1.C shav how settingthatfunnelvari-
ableto “false” significantlyconstrainedhe consequence@ote
thereductionin therangeof boththecostandchance®f achie/-
ing the systems goal).

Stochastisearchalgorithmsaresimpleto build or dovnload
from theweh Elsevhere,it hasbeenamuedthat, in the usual
case funnelsarecommonandthey greatly constrainthe space
of all possibleinferenceq3]. Hence,underthe assumptionsf
funnelsandstochastisearchthe consequencesf inconsisten-
ciescanbe constrainedandwe neednot view inconsistencies
asabadthing. Thisis agoodthing.
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