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IntelligentAgents

•Whetherhumanormechanical,IAinteractinrealtimeingame-like

situations.

•Thekeytosuccessfulinteractionistheabilitytoanticipatetheother

agentspropensitytoact.

•Forthis,agentsmustbeabletomodeltheotheragentsaswellas

themselves.

“Youmustconsiderwhatotherpeoplewoulddoifyoudid

somethingdifferentfromwhatyouactuallydo”(Aumann)
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Internalvs.externalmodelling

Onmanyaccounts,inorderforplayerstoinfertheequilibriumplaythey

mustreason(counterfactuallyperhaps)aboutwhatwouldhappenateach

node,whetherthatnodeturnsouteventuallytolieontheequilibrium

pathornot:

“Thespecificationoftheequilibriumrequiresadescriptionof

whattheagentsexpecttohappenateachnode,wereittobe

reached,eventhoughinequilibriumplaymostifthesenodedare

neverreached”(Bicchieri).

Playersalsobuildexpectationabouttheotherplayers’behavior,e.g.,by

fullyexpectingtheotheragentstoberational(utilitymaximizers).
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Asimplegame
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Out-of-equilibriumplay

Problemsarisewhenagentspursueout-of-equilibriumplay.Thena

player’srepresentationofthegameandtheotherplayers’propensitiesto

actmustberevisedtoaccountforthisnewinformation.

Asiswell-known,classicalfirst-orderlogic,althoughinprinciplesufficient

toinfertheequilibriumpath,isill-suitedtorepresentthiskindofbelief

revision.

Severalissuesarise:

1.Relevance:Wedon’twanttheadditionofanewlylearnedfactwhich

isinconsistentwithpreviouslydrawninferencestotrivializeaplayer’s

theory;

2.Retraction:thepreviouslyreachedconclusionsmustactuallybe

retractedinthelightofthenewevidence;

3.Diagniostics:Theplayer’stheorymustberevisedinthelightofthe

newevidence.
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Out-of-equilibriumplay,cont’d

Thethreerequirements:Relevance,Retraction,andDiagnosticsare

conceptuallydistinctandcallfordifferentmaneuvers.

1.Relevanceimmunizestheplayersfromthethreatofinconsistency.By

itself,itcanbeachievedbyanumberofmanyinfra-classicallogics;

2.Retractionisaformofbeliefrevision:itcanbeextra-theoreticalála

AGM,orintra-theoreticalasinanumberofnon-monotoniclogics;

3.Diagnosticsrequiresthattheplayer’stheorybemodifiedinthe

appropriatefashion.Severaloptions:

•Selten’s“tremblinghand”;or

•moreradicalrevisionsoftheagent’stheories(rationality,etc.)

While(1)and(2)aretasksforthelogician,(3)requiresagametheorist

(butlogicneedstosupplytheexpressiveresources).
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Meta-theoreticsolutions

Thisfamilyofsolutionsexplicitlyassignatheorytoeachagent,anddeal

without-of-equilibriumplaybycharacterizinghowthetheoryistobe

revisedinthelightofthenewevidence:

1.BeliefRevision:AGM;

2.“localtheories”(Bicchieri&Antonelli1995):

•Assigntoeachplayeradifferenttheoryofthegameateachnode;

•whenanout-of-equilibriumplayisobserved,playcontinues

accordingtothe“local”theory;

•mostnaturallyimplementsthetremblinghand,butnotonly.
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Intra-theoreticsolutions

Hypotheticalout-of-equilibriumplayisrepresentedbycounterfactuals

A>B,“ifAweretrue,thensowouldB.”

FollowingtheLewis-Stalnakerapproach,interpretA>Bastrueata

worldwiffBistrueattheworldw
′
closesttowwhereAistrue.

Thisapproachisbestsuitedforinternalmodelling:allowstheplayersto

considerwhatwouldbethecase,weretheytomoveinacertainway.

It’snotobvioushowtoextendthistoexternalmodellinginsuchawayas

toberobustinthepresenceofunexpecteddata.

Moreover,asiswellknown,thesimilarityrelationishardtocapturein

general.

Abetterapproachisgivenbylogicsfordefeasiblereasoning.
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ConsequenceRelations

Wetakeanabstractapproachtonon-monotoniclogics,andconsiderthe

desirablepropertiesofarelationofdefeasibleconsequence:

Supraclassicality:ifΓ|=φthenΓ|∼φ.

Reflexivity:ifφ∈ΓthenΓ|∼φ;

Cut:IfΓ|∼φandΓ,φ|∼ψthenΓ|∼ψ;

CautiousMonotony:IfΓ|∼φandΓ|∼ψ,thenΓ,φ|∼ψ.

Inapplications,it’simportantthat|∼satisfyCut,Reflexivity,and

CautiousMonotony(Gabbay).

Fordifferentreasons,thefollowingarenotdesirable:

Monotony:IfΓ|∼φandΓ⊆∆then∆|∼φ.

RationalMonotony:IfΓ6|∼¬φandΓ|∼ψ,thenΓ,φ|∼ψ.
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Stalnaker’sCounter-exampletoRatMon

•Threecomposers:Verdi,Bizet,andSatie;

•Initialdefeasibleassumption:I(v),F(b),F(s);

•Furtherreliableinformation:C(v,b);

•NolongerendorseI(v),F(b),butstillendorseF(s);

•Therefore,againstRatMon:

–C(v,b)|∼F(s)

–C(v,b)6|∼¬C(v,s)

–C(v,b),C(v,s)6|∼F(s)
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Thenatureofconflict

Twokindsofconflictcanariseinadefeasiblesetting:

1.conflictsbetweendefeasibleconclusionsandhardfacts;

2.conflictsbetweenonedefeasibleconclusionandanotherone.

Inbothcasesstepsneedtobetakentopreserveorrestoreconsistency.

Thenatureofnon-monotonicreasoningassuresthatconflictsoftype(1)

arehandledbyretractingthedefeasibleconclusion.

Severaloptionsareavailableforconflictsoftype(2):

1.boldresponse(roughly):committoamaximallyconsistentsetof

defeasibleinferences;

2.cautiousresponse:inthefaceofconflictinginferences,suspend

judgment.
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TheNixondiamond

Quaker

Nixon

Republican

Pacifist
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Horty’snetwork

Nixon

Extreme

Quaker

DoveHawk

Republican

IsNixon“extreme”?
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DefaultLogic

IntroducedbyReiter(1980)—extremelyflexibleformalismforthe

representationofdefeasibleinference.Adefaultisaruleoftheform:

α:β

γ

sayingthatifαisknownandβisconsistentwithwhatisknown,thenγ

canbeinferred.α,βandγaretheprerequisite,justification,and

conclusion.

Adefaulttheoryisapair(W,∆)whereWisasetofsentences(a“world

description”)and∆isafinitesetofdefaults.Thedefaultaboveis

triggeredbyapair(S1,S2)ofsetsofsentencesiffS1|=αbutS26|=¬β.

AsetEofsentencesisanextension(W,∆)iffF(E)=E,whereforany

setSofsentences,F(S)isthesmallestdeductivelyclosedsetofsentences

containingW,andsuchthatif(S,S)triggersadefaultwithconsequent

γ,thenγ∈F(S).
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Extensions

Defaulttheoriescanhavezero,one,ormoreextensions:

1.IfW={α}and∆contains
α:β

6β

then(W,∆)hasnoextensions.

2.IfW={α}and∆contains

α:β

¬γ
,and

α:γ

¬β
.

Then(W,∆)hasexactlytwoextensions.

Extensionsareorthogonalandnotiterativelyconstructed.
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Defeasibleconsequencefordefaultlogic

•Boldstrategy:pickanextensionEfor(W,∆)andput(W,∆)|∼φiff

φ∈E;

–Problem1:OnwhatbasisisEpicked?

–problem2:Whtahappensif(W,∆)hasnoextensions?

•Cautiousstrategy:put(W,∆)|∼φiff

φ∈
⋂
{E:Eisanextfor(W,∆)}

–Problem:CautiousMonotonythenfailsfor|∼(Makinson);

considerW=∅and∆comprising

:θ

θ
,and

θ∨η:¬θ

¬θ
.

Then(W,∆)|∼θaswellas(W,∆)|∼θ∨η,but({θ∨η},∆)6|∼θ.
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Generalextensions

Welookatprerequisite-freedefaultsoftheform
:α

β
.

•AdefaultliketheaboveisconflictedinasetΘofdefaultsifβis

inconsistentwiththesetofconsequentsofdefaultsinΘ;

•Adefaultliketheaboveispre-emptedinasetΘofdefaultsifαis

inconsistentwiththesetofconsequentsofdefaultsinΘ.

Apair(Γ
+
,Γ

−
)ofsetsofdefaultsisageneralextensionforadefault

theory(W,∆)iff:

1.Γ
+

isthesetofalldefaultsneitherconflictedinΓ
+

norpre-emptedin

(∆−Γ
−
);and

2.Γ
−

isthesetofdefaultsneitherconflictednorpre-emptedinΓ
+
.

Thedefinitioncanbeextendedtocoverthecaseofprerequisites

(Antonelli1999)
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Featuresofgeneralextensions

1.GeneralextensionssubsumeextensionsinReiter’ssense.

2.Generalextensionsalwaysexist.

3.Generalextensionscanbeobtainedbyatrulyiterativeprocess—

althoughonethat(exceptinsomecases)isnon-deterministic.

4.Ingeneral,thesetofextensionsofadefaulttheoryisnot“flat”but

hasaninterestingalgebraicstructure.

5.Infact,defaulttheoriesofcertainclass(“semi-normal”)havea

uniqueleastgeneralextension.

6.Whenatheoryaleastgeneralextensiononecangiveanatural

inplementationofthecautiousapproachthatisnotsusceptibletothe

problemoffloatingconclusions.
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Examples

1.Asbefore,letW={α}andlet∆contain

α:β

¬γ
,and

α:γ

¬β
.

BesidethetwoReiterextensions,thistheoryhasageneralextension

belowboth,inwhichneitherdefaultistriggered.

2.ConsiderthetheorywhereW=∅and∆contains

:β

¬β
,and

α:γ

γ
.

ThetheoryhasnoReiterextension,buthasageneralextension

(triggeringtheseconddefault).
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Defeasibleconsequencewithgeneralextensions

Definetherelation|∼byputting(W,∆)|∼φiffforeveryminimal

extension(Γ
+
,Γ

−
),φfollowsfromthesetofconclusionsofdefaultsinΓ

+
.

Therelation|∼sodefinedsatisfiesallthreepropertiesof

Reflexivity,Cut,andCautiousMonotony.

Saythatadefaultissemi-normaliffitsjustificationimpliesitsconclusion;

andsaythatadefaulttheoryissemi-normaliffallofitsdefaultsare.

Everysemi-normaldefaulttheoryhasaleastgeneralextension,whichcan

begeneratedbyaniterativedeterministicprocess.
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CautiousMonotony

Hereisthecounter-exampletoCautiousMonotonyforReiterextensions:

considerW=∅and∆comprising

:θ

θ
,and

θ∨η:¬θ

¬θ
.

WithReiterextensions,addingθ∨ηtotheworlddescriptionincreases

thenumberofextensions,andsinceReiterextensionsareflat,thisknocks

outθasaconsequence.

Withdefeasibleconsequencebasedongeneralextensions,addingθ∨η

alsoaddsextensionstothetheory,butonlynon-minimalones,sothat

consequencesarepreserved.
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Horty’sstory:agametheoreticrepresentation

ab
cab

cab
c

BC

Father

A

Mother
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Horty’sstory:aninferentialrepresentation

B and a

BA(B and a) SA(A and c)

A and c

$$$!

True

Thenetworkcancanbeformalizedasasemi-normaldefaulttheory

blockingthefloatingconclusion.
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Conclusions

•Thereisalotofpotentialinteractionbetweendefeasiblelogicand

gametheory,especiallyinformalizinganagent’stheoryofthegame

andtheplayers.

•Forsuchaninteractiontobesuccessful,thelogicmustbe

well-behaved,andinparticularitmustsatisfyGabbay’s3conditions:

Reflexivity,Cut,andCautiousMonotony.

•Aparticularlywell-behavedcasewithgeneralextensionsisthecaseof

semi-normaldefaulttheories,whichhaveaunique,iteratively

generated,deterministicminimalextension.

•Althoughsemi-normaldefaulttheoriesarenotwell-bahevedunderthe

Reiternotionofextension,itiswellknownthatmostifnotall

representationalproblemscanbeformalizedinasemi-normaltheory.
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