
Submittedto the2ndInternationalWorkshoponLiving With Inconsistency
co-locatedwith the23rdInternationalConferenceonSoftwareEngineering(ICSE2001),Toronto,Canada
http://www.cs.toronto.edu/˜sme/IWLWI- 01/
WPref: 01/conflict/conflict(March15,2001).

FunnellingtheConsequenceof Inconsistencies

Tim Menzies
Dept.ElectricalEngineering& ComputerEngineering,Universityof British Columbia,Vancouver, Canada;

<tim@menzies.com>

March15,2001

Unresolvedconflictscanintroduceinconsistentanduncertain
choicesinto a systemdescription. Suchinconsistenciesimply
nondeterminancy andnondeterminismis abadthing; e.g.Leve-
sonsaysthat“nondeterminismis theenemyof reliability” [2].

Requirementengineers,on theotherhand,arguethat incon-
sistenciesarea goodthing [9]. To behumanis to hold anopin-
ion. To be an expert is to hold an opinion that otherswish to
pay for. Hence,a room of experts must argue, lest any one
of themlosestheir income. Inconsistenciesarenot embarrass-
mentsthatshouldbeleft undocumented.Rather, theirdetection,
explorationandpartial resolutionare a powerful propellantto
drive option discovery anddocumentation.Contraryto Leve-
son’s views, inconsistenciescanmake a systemsafersinceun-
safesystemstypically resultfrom anunexpectedconsequences.
Exploringinconsistenciescandriveadesigninto azonethatwas
notpreviously consideredwhereunsafepossibilitiescanberec-
ognizedandrepaired.

But the argumentsof requirementsengineersmay not con-
vincethebroadersoftwareengineeringcommunity. If we can’t
demonstratethatsomestablesetof consequencescanbeinferred
from a spaceof inconsistentassertions,thenour requirements
will appearunpredictableanduntrustworthy. Theoretically, such
a demonstrationis intractable. Gabow et.al. [1] showed that
building pathwaysacrossprogramswith inconsistentpairs(e.g.���������	� ) is NP-hard for all but thesimplestsoftwaremodels
(asoftwaremodelis verysimpleif it is verysmall,or it is asim-
ple tree,or it hasa dependency networkswith out-degree 
�� ).
No fastandcompletealgorithmfor NP-hardtaskshasbeendis-
covered,despitedecadesof research.Hence,computingall the
consequencesfrom aspaceof inconsistenciescanbeimpossibly
slow, exceptfor verysmallmodels.

Empirical resultsoffers new hopefor the practicalityof ex-
ploring a spaceof inconsistentchoices.Menzies,Easterbrook,
NuseibehandWaugh[8] found that mostof the choicesmade
within a spaceof conflictshadthe sameneteffect. That study
comparedtwo searchstrategies.In full worldssearch, oneworld
of beliefwasforkedfor eachpossibleresolutionto someincon-

sistency. In randomworldssearch, when 
 worldsarepossible,
onewaspickedatrandom.In averylargecasestudy(overamil-
lion runs),Menzies,Easterbrook,NuseibehandWaughfound
that theaveragedifferencein reachablegoalsbetweenthe ran-
domworldssearchandfull worldssearchwaslessthan ��� (!!).

Theseresultscanbeexplainedvia thefunneltheoryfirst pro-
posedby Menzies,Easterbrook,NuseibehandWaugh[8], then
elaboratedby Menzies,Singh,Powell, andKiper [4–7]. To in-
troducefunnels,we first say that an argumentspacesupports
reasons; i.e. chainsof reasoningthat link inputs in a certain
context to desiredgoals.Chainshave links of at leasttwo types.
Firstly, thereare links that clashwith other links. Secondly,
therearethelinks thatdependonotherlinks. For example,sup-
posethefollowing argumentspaceis exploredusingtheinvari-
ant �������������������	��� andeverythingthat is not a � �����! "�#� or a�����%$ is opento debate:

�'&�(*)+&�( � &#(,�-&�(. 
� �����! "�#� � &�(0/1&�(2�'&�(.34&5(.67&5(98:&�(2�����%$
� �����! "�#�!;<&�(>=?(,�@��&5(,$	&5(.AB(,��8C&�(2�����%$

��&�(*�D&�(BE�&�(*FG&5(:�H 
While all of I ���!)��KJLJ F�M is subject to discussion, in the
context of reaching some specified goals from context1
and context2, the only important disputes are the clashes
I �����@���N8O����8�M . The I  ����H �M clashis not exercisedin the con-
text of � �����! "�#� � � � �����! "�#�!;QP2�����%$ sinceno reasonuses or�H . Since I 8O����8�M arefully dependenton I �����@�#M , thenthecore
of this argumentis onevariable I �#M with two disputedvalues:
trueandfalse.

The funnelof anargumentspacecontainsthenon-dependent
clashinglinks; in thiscase,I �#MRJ Theargumentswith greatestin-
formationcontentaretheargumentsaboutthefunnelvariables,
sincethesevariablesset the others. Supposeour stakeholders
agreethat g is true, then in the context of arguing abouthow
� �����S ��T� � � � �����S "�#�U;VPW�����%$ , theargumentspacereducesto:

� �����S "�#� � &5(0/4&5(*�'&#(:31&5(.6X&5(98#&#(.�����%$
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Figure 1.A: \?]�^�_ (x-axis)
and `�acb#d7`�eR^ (y-axis) from
1,000stochasticruns.

Figure 1.B: Box plots: explanationof
symbols.

Figure 1.C: Changes in the `�]�^�_ s,
and `�afbTd7`�e�^ before and after “funnel-
Var=false”.

Figure1: Experimentswith stochasticsearch

Thereasoningstartingwith = hasbeenculledsince,by endors-
ing g, we mustrejectsall linesof reasoningthatuse �@� . Also,
thereasoningstartingwith ���S� areignoredsincethey areirrel-
evant in this context; i.e. they do not participatein reachinga
desiredgoal.Further, in thiscontext, thereis little pointarguing
about I /#��3f�!6!�g8�M sinceif any of thesearefalse,thennogoalcan
bereached.

Funnelsreducethe numberof consequencesthat canbe in-
ferred from a spaceof inconsistencies.The above example,
showed a spaceof up to ;�hNiVj �OkOk�l�� discussionsabout16
booleanvariablesI ��JLJ FRM . Funnelsreducedthis spaceto oneis-
suethat controlledall the other consequences:i.e. “is � true
or false?”. Funneltheoryexplainsthe above empirical results.
Most of the choicesexplored by Menzies,Easterbrook,Nu-
seibeh,Waughhadthesameneteffect sincemostof themwere
notwithin thefunnel.

Requirementengineerscanexploit funnelsusinga technique
calledstochasticsearch. Any randomlyselectedpathway from
inputs to goals must passthrough the funnel (by definition).
Hence,after a limited randomsamplingof a spaceof options,
(i) part of the rangeof the funnel variablesmust have been
reached;(ii) a few variablescan be detectedthat significantly
constrainthebehaviour of thewholesystem;and(iii) therange
in the consequencesof the inconsistenciescan be greatly re-
duced. In onestudyof this technique,MenziesandKiper ran
1000 stochasticsearchesover a rule basecontainingheuristic
costsandlikelihoods.Therule basecontainedmany contradic-
tionswhichtheinferenceengineresolvedby arandomselection
of a resolution.Further, thecostsandlikelihoodswerealsoun-
certainandwerevariedoverawiderangeprior to eachrun. The
resultsin Figure1.A show a largespreadin thefinal costsand

likelihoods(chances).This result is intuitively obvious: given
inconsistenciesandunknowns, a wide rangeof behaviour can
be generated.However, becauseof funnels,the rangeof this
behaviour canbegreatlyreduced.Usingsomesimpleinduction
techniques,MenziesandKiper foundafunnelcontainingoneat-
tributerangethatsignificantlyconstrainedtherestof thesystem.
Thebox-plotsof Figure1.C show how settingthat funnelvari-
ableto “f alse”significantlyconstrainedtheconsequences(note
thereductionin therangeof boththecostandchancesof achiev-
ing thesystem’s goal).

Stochasticsearchalgorithmsaresimpleto build or download
from the web. Elsewhere,it hasbeenarguedthat, in the usual
case,funnelsarecommonandthey greatlyconstrainthe space
of all possibleinferences[3]. Hence,undertheassumptionsof
funnelsandstochasticsearch,theconsequencesof inconsisten-
ciescanbe constrained,andwe neednot view inconsistencies
asa badthing. This is a goodthing.
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