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Abstract. An implementedcontext-basedreasoningsystemcalledATT-Metais
sketched.The systemcan perform both reasoningaboutbeliefs of agentsand
metaphor-basedreasoning.In particular, it canperformmetaphor-basedreason-
ing aboutbeliefsandreasoningacts.The metaphor-basedreasoningandbelief
reasoningfacilities are fully integratedinto a generalframework for uncertain
reasoning.This framework allows for uncertainreasoningandconflict resolution
within individual contexts, uncertaintyin individual inter-context bridgingrules,
conflict resolutionbetweenthe effectsof differentbridging rules,andconflict-
resolutionacrosscontext boundarieswhenargumentationinsidea context con-
flicts with argumentationoutside.

1 Intr oduction

We have developedandimplementeda context-basedmechanismfor belief reasoning,
in ourATT-Metasystem(Barnden1998,Barndenetal. 1994),mainly for thepurposes
of naturallanguagepragmatics.However, we have alsotaken the unusualstepof de-
veloping,within theverysamesystem,acontext-basedmechanismfor metaphor-based
reasoning—thereasoningneededduringtheunderstandingof metaphoricalutterances.
(“ATT-Meta” � “[propositional]ATTitudes”and“Metaphor.”) Useof contextsfor han-
dling metaphoris a centralpartof thework of Fauconnier& Turner(1998).However,
that work hasnot led to an implementedmetaphor-processingsystem,doesnot com-
binebelief reasoningandmetaphor-basedreasoning,anddoesnot addressuncertainty
issuesin any detail.

Indeed,belief reasoningandmetaphorarealmostalwaysstudiedseparately. But
metaphoricalutterancescanbeaboutthementalstatesandprocessesof agents.ATT-
Metawasoriginally focusedonly on thattypeof metaphor, thoughin factits metaphor
mechanismsarein no way confinedto it. Metaphoricalutterancesaboutmentalstates
leadto theneedto combinebelief reasoningandmetaphor-basedreasoningin intimate
ways,oneof whichwewill detail.

A third prominentstrandin ourwork is qualitativeuncertainty-handling.This is im-
portantboth for useful,common-sensicalbelief reasoninganduseful,common-sense
reasoningbasedonmetaphor. Althoughbelief reasoningis occasionallycombinedwith
uncertaintyhandling(e.g.,in Parsons,Sierra& Jennings1998),theonlypreviousmetaphor
researchthatdevotesextensive technicalattentionto uncertaintyappearsto be thatof



Hobbs(1990).Onegoal of the ATT-Meta researchis for the systemto performun-
certainbelief reasoninganduncertainmetaphor-basedreasoningin a systematicand
uniformway, doingmorejusticeto uncertaintythanhasheretoforebeenseen.

Although we have only studiedcontexts for belief reasoningandmetaphor-based
reasoning,ourwork onuncertaintyshouldbegeneralizableto contextsmuchmoregen-
erally. Themechanismswe have developedallow for uncertainreasoningandconflict
resolutionwithin individual contexts, uncertaintyin individual inter-context bridging
rules,conflict resolutionbetweenthe effectsof differentbridging rules,andconflict-
resolutionacrosscontext boundaries(e.g.to handleconflict betweenwhat it seemsan
agentbelievesaccordingto simulationof theagent’s reasoning,andwhat it seemsthe
agentbelievesaccordingto “external” information,suchasstatementsby otherpeople
abouttheagent).Themechanismshave beendesignedto work with unlimitednesting
of contexts,wherecontextsof differenttypescanoccurin anesting.

Theremainderof thepaperaddressesthefollowing topics,in sequence.thetypeof
metaphoricalutteranceweaddress;ATT-Meta’sbasicreasoningfacilitiesanduncertainty-
handling;ATT-Meta’sfacilitiesfor reasoningaboutagents’beliefsandreasoning;ATT-
Meta’s metaphoricalreasoning;and one type of interactionof belief reasoningand
metaphor-basedreasoning.Our presentationwill be informal, as it is the generalis-
suesthatourwork hasaddressedandtheinferencestrategiesthatwehaveusedthatare
important,not theirpreciseclothingin formal terms.

2 Metaphor in ATT-Meta

A metaphoricalutteranceis onethatmanifestsametaphoricalview, whereametaphor-
ical view is a conceptualview of onetopicor domainasanotherthatis judgedqualita-
tively differentfrom it. Herewe broadlyfollow Lakoff (e.g.,Lakoff 1993).An exam-
ple of a metaphoricalview is the view of MIND AS PHYSICAL SPACE. A natural-
languagemanifestationof thisview mightbe“Johnbelievedin therecessesof hismind
that ....” In a manifestation,the topic actuallybeingdiscussed(John’s mind, in the
example)is the target topic or domain,andthe topic that it is metaphoricallycastas
(physicalspace,in theexample)is thesourcetopicor domain.

TheATT-Metasystemdoesnot currentlydealwith novel metaphoricalviews that
canappearin naturallanguageutterances.Rather, it haspre-establishedknowledgeof
aspecificsetof metaphoricalviews,includingMIND AS PHYSICAL SPACE.But it is
specificallydesignedto handlenovel manifestationsof thoseviews,or, moreprecisely
andgenerally, manifestationswhichcannotimmediatelybehandledby theknownmap-
pingsfrom sourceto targetthatconstitutethemetaphoricalview. Suchmanifestations
arecommonin ordinarydiscourse(see,e.g.,Martin 1994).

Mundanetypesof discourse,suchasordinaryconversationsandnewspaperarticles,
oftenusemetaphorin talking aboutmentalstates/processesof agents.Therearemany
mental-statemetaphoricalviews apartfrom MIND AS PHYSICAL SPACE.Someare
asfollows: IDEAS AS PHYSICAL OBJECTS,underwhich ideasarecastasphysical
objectsthat have locationsandcanmove about,as in “He pushedtheseideasto one
side;” COGNITION AS VISION, aswhenunderstanding,realization,knowledge,etc.
is castasvision, asin “His view of theproblemwasblurred;” andMIND PARTS AS
PERSONS,underwhich a person’s mind is castascontainingseveralsub-agentswith
theirown thoughts,emotions,etc.,asin “Onepartof him wasconvincedthatheshould
go to theparty.”



3 ATT-Meta’s BasicReasoning

ATT-Metais a rule-basedreasoningsystem.Reasoning(sub)goals,providedfactsand
derivedpropositionsareall calledhypothesesfor convenience.Hypothesesareactually
(Barndenet al. 1994) termsin a first-order, episode-basedlogic akin to that of, say,
Hobbs(1990),but for simplicity of presentationthey will beportrayedhereasformulas
in a first-ordermodallogic.

Forourpresentpurposesafactcontainsnovariables,andif agoalcontainsvariables
thentheonly quantificationis implicit existentialquantificationof all thosevariables,
prefacingtheentireformula.A factor goalcaninvolve negation,conjunctionanddis-
junction, but in this paperwe will only touch on negation.The readermay assume
thatfor eachground(i.e.,variable-free)hypothesisentertained,thecomplementis also
entertained,even thoughthis is only roughly true. Two variable-freehypothesesare
complementarywhenoneis thenegationof theother. Thispaperlargelyomitsexplicit
considerationof variablesin hypothesesfrom now on.

At any time any particularhypothesisis taggedwith a qualitativecertaintylevel,
oneof certain, presumed, suggested, possible or certainly-not. The
intuitivemeaningsareasfollows:

certain: Thehypothesisis truewithout reservation.
certainly-not: Thecomplementis certain.
presumed: thehypothesisis a default: i.e., it is takenasa working assumption,
pendingfurtherevidence.
suggested: thereis evidencefor thehypothesis,but it is not(yet)strongenough
to enablethehypothesisto bepresumed.
possible: No evidenceat all hasyet beenfound for the hypothesis,but the
negationis notcertain.

(Thelevelcertainly-not is includedfor practicalreasons,eventhoughit is redun-
dant.)If ahypothesisis ata level lessthancertain atsomemomentit canpotentially
achieveahigherlevel later. However, eachhypothesisalsohasanupperboundthatcan
limit the rise of its certaintylevel. Our currentsystemof levels is no doubtsimplistic
comparedto whatmayultimatelyberequired,but it is complex andpowerful enough
for substantialadvancesto bemadein ourareasof interest.

A rulein ATT-Metais of largelytraditionalform,having anantecedentandaconse-
quent, but it alsohasaqualitativecertaintylevel. Wewill displayrulesin thefollowing
format:

IF <antecedentcomponent1> AND <antecedentcomponent2> .... AND <an-
tecedentcomponentN>
THEN [<certaintylevel>] <consequent>

Theconsequentis of thesameform asagoal,andmaythereforecontainvariables.Each
componentof theantecedentis anexpressionin goal form. Implicitly, all variablesin
therule areuniversallyquantified,outsidethewholerule.Thecertaintylevel of a rule
is oneof suggested, presumed, certain.

ATT-Metaappliesits rulesin a backchainingstyle.It is givena reasoninggoalby
a user, andusesrulesto generatesubgoalsin thenormalway. Goalscanof coursealso
besatisfiedby providedfacts.Whena rule applicationsuccessfullysupportsa goal, it
suppliesa level of certaintyto it, calculatedastheminimumof therule’sown certainty
level and the levels picked up from the hypothesessatisfyingthe rule’s antecedent.



The rule’s certaintylevel thus actsas an upperboundon the certaintythat the rule
can supply to its conclusion.The rule only suppliessupportto the goal in this way
if all thosecertaintylevels areat leastsuggested (becauseevery hypothesisstarts
off aspossible anyway).Whenseveralrulessupporta hypothesis,themaximumof
their certaintycontributionsis taken.Currently, ATT-Metatriesto applyall rulesto all
goals,thoughanimportantfutureresearchgoalis to refinethisprocedureby theuseof
heuristics.

Thesystemcontainsamodifiedtypeof justification-basedtruth-maintenancemech-
anismfor propagatinglevelsof certaintyaroundvia rule-applications.Thereareoften
cyclesin thehypothesisgraph(which is essentiallya dynamicallychangingAND/OR
graphdefinedby therule-applicationsthathavebeencreated).As aresult,in generalthe
systemiteratively settlesto a consistentsetof hypothesiscertaintylevels.Theprocess
is guaranteedto terminate.

4 BasicConflict Resolution

Whenbothahypothesisandits complementaresupportedto level at leastpresumed,
conflict-resolutionwill take place.Themostinterestingcaseis whenbothhypotheses
areexactlypresumed. In thiscase,thesystemattemptsto seewhetheronehypothesis
hasmorespecificevidencethantheother. Theformeris thenthe“winner.” If thesystem
determinesa winner, it downgradesthe certaintylevel of the loser to suggested,
keepingthe winner’s at presumed. If it cannotdeterminea winner, it downgrades
both to suggested. It is thereforeconservative in its conflict resolution,avoiding
arbitrarydecisionsbetweenhypotheses.For instance,in theNixon diamondit will end
upattachinglevel suggested to thehypothesesthatNixon is andis nota pacifist.

Specificitycomparisonis a commonlyusedheuristicfor conflict-resolutionin AI
(see,e.g.,Loui et al. 1993)althoughseriousproblemsremainin comingup with ad-
equateandpracticalheuristics.ATT-Meta’s specificitycomparisondependson what
factsthe two conflictinghypothesesrely on andon derivability relationshipsbetween
thehypothesessupportingtheconflictinghypotheses.Thederivability aspectis analo-
gousto derivability aspectsof otherschemesfor specificity, andhasasa specialcase
theancestor-closenessheuristiccentralto mostsemanticnetworks.Thefactaspectre-
lies on the intuition that if oneof theconflictinghypothesesrelieson morefactsthan
theotherthenit hasmorespecificevidence(“more” in a set-inclusionsense).

The following is a simpleexampleof specificitycomparisonis sufficient for the
purposesof this paper. It illustratesonly the derivability aspect.Supposethe system
hasrulessayingthatstudentsarepresumablynotrich,medicalstudentsarepresumably
rich, but Englishmedicalstudentsarepresumablynot rich. Thusthesecondrule over-
turnsthefirst andthethird overturnsthesecond.Supposethereis factsayingthatBill
is an Englishmedicalstudent.ThenthesystemconcludesthatBill is presumablynot
rich, defeatingthe line of evidencefrom the secondrule mentioned.The systemcan
dealwith any numberof levelsof overturningin a scenarioof thissort.

5 ATT-Meta’s Reasoningabout Agents’ Beliefsand Reasoning

ATT-Metahasfacilitiesfor reasoningnon-metaphoricallyaboutthebeliefsandreason-
ing actsof agents,wherethosebeliefsandactsmay in turn be aboutthe beliefsand
reasoningfor furtheragents,andsoforth.AlthoughATT-Metacanreasonaboutbeliefs



in anordinaryrule-basedway(e.g.usingrulessuchas“if X is EnglishthenX presum-
ably believescricket is interesting”),its maintool is simulativereasoning(e.g.,Creary
1979).Roughly, in attemptingto show thatagentX believesP, thesystemputsP asa
goal in a simulationcontext for X, which is a specialenvironmentwhich is meantto
reflectX’s own reasoningprocesses.If P is supportedwithin thesimulationcontext by
hypothesesQ,wherethesystemtakesX to believetheQ, thenthereasoningfrom theQ
to Pin thecontext is alleged(by default)to bereasoningby X. Thereasoningwithin the
context caninvolve ordinaryrule-basedreasoningand/orsimulationof furtheragents.
Currently, ATT-Metacanuseany of its ruleswithin any simulationcontext, sothatall
rulesareeffectively treatedascommonknowledge.Of course,thisneedsto bemodified
in futureresearch.

Thepicturejust givenof simulative reasoningneedsto begreatlycomplicatedbe-
causeof uncertainties.First, thereasoningwithin thesimulationcontext canbeuncer-
tain.Also, theinformationaboutX resultingfrom a simulationof X is itself uncertain:
evenif thereasoningwithin thesimulationcontext supportsP with absolutecertainty,
ordinaryrule-basedreasoningoutsidethecontext maysupportthepropositionthatit is
not thecasethatX believesP. Also, thereis alwaysthepossibilitythat(a)X maynot in
facthavedonesomeof theallegedreasoningsteps,and(b) evenif X hasdonethem,it
maybethatX hasalsodonestepsthatsupportthenegationof P (whenP is uncertain
within thecontext).

An atomicbeliefhypothesisis a formulaof the form B( � , � , � ), whereB is a
modaloperator, � is a termdenotingtheagent,� is a hypothesis-like formula,and � is
a certaintylevel greaterthanor equalto possible. Intuitively thehypothesismeans
that theagentbelieves � with certaintyAT LEAST � . Becauseof the � argument,the
systemexpressesuncertaintyin every layerof belief.Hypothesesinvolving belief take
partin rule-basedreasoningjustasotherhypothesesdo(subjectto arathercomplicated
optimizationconcerningthe � argumentsin belief hypotheses).Noticethatbecauseof
the “AT LEAST � ” provision, if B( � , � , � ) holds thenso doesevery B( � , � ,
��� ) for lessercertaintylevels � .

Ordinaryrule-basedreasoninginvolving belief hypothesesis not intendedto cater
for reasoningthat is alleged to be performedby other agents.Simulative reasoning
is implementedfor this purpose.Whenever a hypothesisthat is an atomicbelief hy-
pothesisis created,thehypothesisformedby strippingoff theapplicationof thebelief
operatorB is alsoformed(unlessit alreadyexists),andplacedinsidethe “simulation
context,” or “reasoningspace,” for theagentin question(similarto thebeliefspacesand
contexts in many otherauthors’work). This happensrecursively in thecaseof nested
beliefhypotheses,sothatwegetnestedreasoningspaces(nestedcontexts).Conversely,
whenever a goal is createdinsidean agent’s reasoningcontext, an applicationof B is
wrappedaroundit andplacedin the immediatelysurroundingcontext (which maybe
thesystem’sown).

The supportfor an atomicbelief hypothesiscancomefrom: ordinary rule-based
reasoningin the layer(i.e., reasoningcontext) it lies in; from simulative reasoningre-
sultingfromstrippingoff theB; andfrom rule-basedreasoningathigherlevelsresulting
from addingfurtherB applications.Oneof ourfoci in thispaperis onmattersof conflict
resolution,discussedbelow. For thispurpose,atechnicalityneedsto beexplained.Each
rule-applicationwithin anon-systemreasoningcontext is “lifted” to thenext reasoning-
context out.Thatis, considerahypothesisB( � , � , � ) within areasoningcontext � ,
and hypothesis� within �
	 , the reasoningcontext for � nestedwithin � . For each
rule-application� supporting� , a “lifted ruleapplication” ��
���� is createdasa support
for B( � , � , � ). Let ��
���� be thesetof hypothesesdirectly usedby application� .



Then,the setof hypothesesdirectly usedby ��
���� formedby wrappingB( � , ...)
aroundeachmemberof ��
���� , plusanextra “agent-inferencehypothesis”thatwill be
explainedin the discussionof metaphor. The systemalwaysusespresumed asthe
strengthof theimaginaryruleof which ��
���� is anapplication.

Suchlifted rule applicationsaccountfor almostall the direct effect that the sim-
ulationof � (i.e., thereasoningwithin � 	 ) hason the reasoningaboutB( � , � , � )
within context � . Importantly, lifted rule applicationsfor a hypothesisaretreatedin the
samewayasordinary rule applicationsfor thehypothesisin respectof certainty-value
accumulationandconflictresolutioninvolvingthehypothesis.Thisprinciplesuppliesa
valuableamountof modularityin thedesignof thesystem.

6 Conflict Within and AcrossBelief Layers

Considerthe hypothesisB( � , � , presumed) within a reasoningcontext � , and
hypothesis� within ��	 . Also considerthe following relatedhypotheses:the comple-
ment ��� of � within ��	 , the hypothesisB( � , ��� , presumed), and the comple-
mentsof the two B hypotheses.(For simplicity, we will not discussherethematterof
otherB hypothesesof the form B( � , � , ...). All six hypothesescanhave inde-
pendentrule-basedargumentationsupportingthem,andwearethereforefacedwith the
problemof therebeingpotentialconflict-resolutionwithin ��	 between� and ��� , and
within � betweenB( � , � , presumed) and its complement,andbetweenB( � ,
��� , presumed) andits complement.In two specialcasesit is clearwhatto do.

(a):whenthereis noevidencefor thefourhypothesesin � otherthanwhatariseswithin
� 	 , conflict resolutionshouldoccurwithin � 	 , betweenthe insidehypotheses� and
� � . As aresult,thecertaintylevelsof someor all of thefour outsidehypotheses,aswell
asof oneor bothof theinsidehypotheses,will beadjusted.

(b): This specialcaseis the oppositeof case(a) — that is, no rule-basedreasoning
inside �
	 supports� or ��� to levelpresumed. Then,conflict resolutionshouldnotbe
donewithin thesimulation,but shouldoccuroutside.

Thedifficult caseis whenthereis (non-lifted)rule-basedsupport,eitherdirectlyor indi-
rectly, for at leastoneof thefour outerhypotheses,aswell asrule-basedsupport(lifted
or otherwise)for at leastoneof � and ��� . Thiscaseis madeto look likespecialcase(b)
by meansof the lifting mechanism.That is, therule-basedargumentationwithin con-
text �
	 is lifted to theoutercontext, andcombineswith therule-basedargumentation
in thatcontext. Thus,conflict-resolutionis performedin thenormalwayin thatcontext,
in anattemptto find a winnerbetweenB( � , � , presumed) andits complement,
andbetweenB( � , ��� , presumed) andits complement.

However, aspecialprovisionhelpsthisprocess.Any rule-applicationsdirectlysup-
portingB( � , ��� , presumed) arecopiedto becomerule applicationsdirectly sup-
porting thecomplementof B( � , � , presumed) aswell. Conversely, applications
directly supportingB( � , � , presumed) arecopiedto becomeonesfor the com-
plementof B( � , ��� , presumed) aswell. This is necessarysoasto allow conflict
within thesimulationto be reflectedasconflict in outercontexts, becauseB( � , ��� ,
presumed) andB( � , � , presumed) arenotcomplementsof eachother, andbe-
causespecificity-comparisondependsin part on direct supportrelationshipsbetween
hypotheses.

Sincethe cross-context considerationswe have beendiscussingcanapply at any
context boundaryin a nestingof reasoningcontexts, the following recursive process



is defined.Startingat the top reasoningcontext (i.e., the system’s), the systemworks
down throughcontexts. If it hits an atomicbelief hypothesisandits complementthat
arein conflict,andwhereat leastonehasnon-liftedrule-basedsupport(eitherdirectly
or indirectly), it appliesthe basicconflict-resolutionprocedureto thosehypotheses.
The systemnow descendsto the inner context, andso forth. If the conflicting belief
hypothesesdo not have non-liftedrule-basedsupport,thenthesystemjust goesdown
to theinnercontext.

7 Metaphor-BasedReasoningin ATT-Meta

ATT-Metais merelya reasoningsystem,anddoesnot dealwith naturallanguageinput
directly. Rather, a usersupplieshand-codedlogic formulaethatareintendedto couch
theliteral meaningof smalldiscoursechunks.Thesystemdoesreasoningon thebasis
of theseformulae.Considerthefollowing metaphoricalsentence:

(1) “The two ideaswerein differentstore-roomsin John’smind.”

The sentencemanifeststwo metaphoricalviews: MIND AS PHYSICAL SPACE and
IDEAS AS PHYSICAL OBJECTS.We assumethat theunderstanderis familiar with
both metaphoricalviews. We assumethat the understanderonly hasa physicalsense
for “store-room”andthat the notion of physicalstore-roomis not map-enshrinedfor
theunderstanderby eitherof themetaphoricalviews: that is, thenotionis not mapped
by eithermetaphoricalview to any target-domainnotion.We saythesentenceis anex-
ploitation of the two metaphoricalviews, becauseof this useof a non-map-enshrined
notion.Suchexploitative sentencesarea major issue,becausethey appearto becom-
monin discourse.However, existing implementedsystemfor metaphorotherthanour
own are largely not directedat them,with two main exceptions:Martin (1994) and
Narayanan(1997).Thesesystemsaremore restrictedin scopethanours specialised
aimsthanoursanddonotdealwith theuncertainty-handlingissuesthatweaddress.

In ourapproachto exploitativemetaphoricalutterances,wetry to avoid discovering
or inventingmappingsfor non-map-enshrinednotionssuchasSTORE-ROOM.Rather,
werely onon-the-flysource-basedinference—inferenceconducted,duringunderstand-
ing, within thetermsof thesourcedomain(s)of themetaphoricalview(s) involved—to
link theutterance’s useof thenotionsto notionsthatare map-enshrinedby theviews.
By this means,the understandercan infer connotationsof the utterancesuchas the
following:

Connotation
Thementionedideaswereinvolvedin John’smindin such a waythatJohnwasNOT
in a positionto mentallyoperate uponthemconjointly—forinstance, to compare
themor to performan inferencethatdirectlyreliedonbothof them.

Thedesirabilityof deriving theconnotationcouldarisefrom abelief-reasoningepisode,
but wedeferthismatterto Section3.8.In thepresentsectionweexplain,with theaidof
Fig.1,how theconnotationcanbederived,asanuncertaininferenceobtainedby usage
of

A. the informationin the utterancetaken literally, i.e. taken to saythat John’s mind
literally hasphysicalstore-roomsas partsand that the ideasare in thosestore-
rooms;



B. generalknowledgeaboutrealphysicalstore-roomsandotherphysicalobjects,lo-
cationsandinteractions;

C. conversion rules associatedwith MIND AS PHYSICAL SPACE andIDEAS AS
PHYSICAL OBJECTS,wherea conversionrule is a typeof context bridging rule
thatmapsinformationbetweenthesourcedomainandthetargetdomainof ametaphor-
ical view.
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Fig.1. Part of thereasoningin store-roomexample. Theliteral meaningof thesentenceis shown
in thetopmostpartof thelargebox.Theprocessingshown within thelargebox is source-based
inference.Theprocessingoutsidethebox is reasoningwithin thetermsof thetargetdomain.The
arrows from within thebox to outsidedepictapplicationsof conversionrules.

Thereasoning,apartfrom theapplicationof theconversionrules,occurswithin a spe-
cial context thatwe call a source-basedpretencecontext. (Elsewherewe have usesthe
word “cocoon” insteadof “context.”) Within this context, the literal informationfrom
the sentence—(A)above—is taken to be true, no matterhow absurd.This meaning,
beingliteral, is in thetermsof thesourcedomainsof themetaphoricalviews usedthe
sentence,thatis thedomainsof PHYSICAL SPACEandPHYSICAL OBJECTSin our
example.ATT-Metacanuseany of its reasoningruleswithin thesource-basedpretence
context to try to infer propositionsthat canbe usedby the conversionrulesto gener-
atepropositionsaboutthe target domain.The propositionsthusgeneratedare in the
system’s top reasoningcontext, not thepretencecontext. Thereasoningwithin thepre-



tencecontext is whatwe calledabove theon-the-flysource-basedreasoning.Because
of the natureof the conversionrulesandinformation(A), this reasoningis largely or
wholly conductedusingrulesaboutthesourcedomains,but weallow it to involveother
rulesalso,suchasrulesaboutthetarget-domainitself.

Themainconversionrule usedmapsinability of someoneto physicallyoperateon
two ideasconjointly(wheretheideasareviewedmetaphoricallyasaphysicalobject)to
thatperson’s inability to operatementallyon the two ideasconjointly. (We emphasize
that the word “operation” hereis usedloosely in both its physicalandmentalsense.
Physicaloperationincludesperception,comparison,etc;mentaloperationsimilarly in-
cludesnoticing,comparison,etc.)Therule is actuallyasfollows:

(2)
IF J is anideaAND K is anidea
AND it is beingpretendedthat,presumablyat least,J is a physical-object
AND it is beingpretendedthat,presumablyat least,K is a physical-object
AND X is a person
AND it isbeingpretendedthat,presumablyatleast,NOT(X can-physically-operate-
on s J,Kt )
THEN [presumed]NOT(X can-mentally-operate-ons J,Kt ).

A hypothesisglossedhereas“it is beingpretendedthat, presumablyat least,H” for
somehypothesisH is astatementthatthepretencecontext containsH andthatthelevel
of certainfor H within that context is at leastpresumed. A hypothesisof form “it
is beingpretendedthat,with certaintyat least � , H” is a highly analogousto a belief
hypothesis.Using the samestyle of notationaswe usedabove for belief hypotheses,
it canbe expressedas a formula of the form pretend(H, � ). Sucha formula is
outsidethepretencecontext. TheformulaH is within thecontext. A formulausingthe
pretend operatoris calleda “pretencehypothesis.” To oversimplify this,every such
hypothesisis reflectedwithin thecontext by its “H” argument,andeveryhypothesisH
within thecontext is reflectedoutsideby a pretencehypothesis.

Conjointnessof operationis modelledin (2) by having asetof objects,ratherthata
singleobject,asanargumentin theapplicationsof can-physically-operate-onandcan-
mentally-operate-on.Theabove conversionrule is oneof a setof relatedrules.Others
includea converse,a contrapositiveanda converse-contrapositivefor theabove. (Two
of thesemap from the target domainto the sourcedomain,ratherthan the reverse.
This is anotherunusualfeatureof our approachwith respectto to otherapproachesto
metaphor.) Also, therearerulesdealingwith singleobjects,ratherthannon-singleton
sets.

Theconnotationshown abovearisesby anapplicationof (2). This is becauseit can
beshown that,by default,NOT(X can-physically-operate-ons I1,I2 t ), whereI1 andI2
arethe ideasmentionedin the sentence,from the premisethat I1 andI2 are literally
in differentstore-roomsin John’smind.This is because(a) store-roomsarerooms,(b)
differentroomsin a building areusuallydo not spatiallyoverlap,(c) objectsin non-
overlappingsubregionsof a physicalregion R are,by default, not spatially-together
with respectto the scaleof R, and(d) in the common-sensephysicalworld, a person
who canoperatein a physicalregion R cannot,by default, physicallyoperateon two
physicalobjectsin R conjointly if they arenot spatially togetherwith respectto the
scaleof R. In our example,R is instantiatedJohn’s mind. But notethat (a) to (d) are
just piecesof common-senseinformationaboutthephysicalworld. Theonly properly



metaphoricalprocessingis theapplicationof rule (2). Principles(a) to (d) arecouched
asATT-Metarulesthatwedonotdetailhere.

Thereasoningusing(a–d)occurswithin thesource-basedpretencecontext. Into that
context is inserted(at theappropriatemomentin thebackwardsrule-basedreasoning)
thefactsthatI1 is in astore-roomSR1,I2 is in astore-roomSR2,SR1is partof John’s
mind,andSR2is partof John’smind.Fromthesefacts,ATT-Metacaninfer, within the
source-basedpretencecontext, thatJohn’s mind is a building andthereforea physical
region,andI1 andI2 arephysicalobjects.Theseinferencesusefurthercommon-sense
rulesabouttheordinaryphysicalworld.

Notethat theabove reasoningrequiresit to beshown thatJohncanphysicallyop-
eratewithin his mind. This is shown by a rule associatedwith MIND AS PHYSICAL
SPACE thatsaysthat if a personX’s mind is pretendedto bea physicalregion thenX
canphysicallyoperatewithin it.

Thekey point is that this reasoningfrom the literal meaningof theutterance,con-
ductedwithin thepretencecontext, link up with theknowledgedisplayedas(2). That
knowledgeis itself of a very fundamental,generalnature,anddoesnot, for instance,
rely on thenotionof store-room.Any line of within-pretenceinferencethat linkedup
with that knowledgecould leadto a conclusionthat the personin questioncould not
mentallyoperateonsomeideasconjointly.

RecallthatATT-Metaappliesrulesin a backwards,goal-directedway. So,weneed
a goal to start the processoff. For the moment,let us somewhatartificial assumethe
goalis

(G) John can-mentally-operate-ons I1, I2 t .

In fact,thesystemwill concludewith acertaintyof presumed for thenegationof (G),
therebydrawing theConnotationdisplayedabove.Below we will show how theneed
to establishtheConnotationcouldarisenaturallyandimplicitly in belief reasoning.

8 A Caseof Metaphorical Conflict

Noticetheuncertaintyin thesystem’s conclusionaboutthenegationof (G)—it is only
presumed. The uncertaintyarisespartly from the fact that conversionrules,such
as (2), have a certaintylevel only of presumed, not certain. Indeed,ATT-Meta
allows the possibility that thereis evidencefor (G) itself thatoutweighsthe evidence
for its negation.In our actualimplementationof thestore-roomsexample,we do have
a furtherrule,operatingentirelywithin thetargetdomainof mentalstates:

(3)
IF X can-mentally-operate-onJAND X can-mentally-operate-onK
THEN [presumed]X can-mentally-operate-ons J,Kt .

This supports(G), becauseof a MIND AS PHYSICAL SPACE conversionrule that
saysthat if an ideaJ is in a mind that is viewedasphysicalregion thentheagentcan
mentallyoperateontheidea.Thus,thereis arealconflictbetween(G) andits negation.

Our general-purpose,specificity-basedconflict-resolutionmechanismis adequate
for establishingthat the evidencesupportinggoal (NOT-G) above it be morespecific
thantheevidencesupporting(G) itself. Theargumentationfor thenegationof (G) ulti-
matelyreliesonall thefactsthat(G) relieson togetherwith anextraone,namelythatit



is pretendedthatSR1andSR2aredifferent. Therefore,merelyby thefact-basedaspect
of specificitycomparison,(NOT-G) is regardedashaving morespecificsupport.

(G) and(NOT-G) arebothsupporteddirectly or indirectly by conversionrules(for
differentmetaphoricalviews).However, (G) couldpotentiallybesupportedby informa-
tion that is entirelyderivedin the targetdomain.For instance,theunderstandermight
know a factF from previousnon-metaphoricaldiscoursethatallows it to beconcluded
thatJohnis entertainingI1 andI2, andthereforecanmentallyoperateon I1 andI2 in-
dividually, so thatby target-domainrule (3) we get furthersupportfor (G). However,
althoughwedo not show herehow this happens,(NOT-G) wouldstill win against(G),
againjustby thegeneral-purposeconflict-resolutionmechanism.

9 Uncertainty in Metaphor

ATT-Meta includesthe following typesof uncertaintyhandlingin its metaphor-based
reasoning.

(1) Givenanutterance,it is oftennotcertainwhatparticularmetaphoricalviewsor vari-
antsof themaremanifested.Correspondingly,ATT-Metamaymerelyhavepresumed,
for instance,asa(tentative) level of certaintyfor apretencehypothesis,suchasthatthe
pretencethat ideaI1 is a physicalobject,in the store-roomexample.This hypothesis
is thenpotentiallysubjectto defeat.Indeed,notethat,in theexamplethepretencehy-
pothesisjustalludedto only arisesin themiddleof reasoning:thesystemdoesnotstart
with a premisethatsomeideais beingviewedasphysicalobject.

(2) Knowledgeaboutthe sourcedomainof the metaphoricalview is itself generally
uncertain.Correspondingly, in ATT-Metathehypothesesandreasoningwithin thepre-
tencecontext areusuallyuncertain,andcaninvolve the useof the conflict-resolution
mechanismdescribedabove.For instance,it is notcertainthatapersoncannotphysical
operateconjointlyontwo objectsif they arephysicallyseparatedfromeachother. There
couldbeevidencein a particularcasethatthepersoncanindeedoperateconjointly on
them.

(3) Conversionrules like (2) aremerelydefault rules.Therecanbe evidenceagainst
theconclusionof therule. Whethertheconclusionsurvivesasa default (presumed)
hypothesisdependson therelative specificityof theevidencefor andagainstthecon-
clusion.Thus,whethera pieceof metaphoricalreasoningoverridesor or is overridden
by otherlinesof reasoningaboutthetarget is matterof thepeculiaritiesof thecaseat
hand.However, many researchers(e.g.,Lakoff 1993)appearto assumethat, in cases
of conflict, target informationshouldoverridemetaphor-basedinferences,andthusdo
not fully addressthe potentialuncertaintyof target information. It must be realized
that,justaswith literal utterances,ametaphoricalutterancecanexpressanexceptionto
somesituationthatwould normallyapply in thetargetdomain.To metaphoricallysay
“The company nursedits competitorbackto health”contradictsdefaultknowledgethat
companiesdonotnormallyhelptheircompetitors,andshouldoverridethatknowledge.

(4) Differentconversionrulesworking may createpropositionsthat lead to conflict.
We saw this in thediscussionof (G) andits negationin thestore-roomexample.Such
conflictcanalsooccurbetweentheconversionrulesfor justasinglemetaphoricalview.
For example,in usesin realdiscourseof themetaphoricalview of ORGANIZATIONS
AS PHYSICAL OBJECTS,companiesareoften castaseatingthings,suchasother
companies.Eatingactionsbycompaniesmightbemappedto legalcompany-acquisition



bedefault,but therecouldbeamorespecificmappingthatsaysthateatingby a Mafia-
runcompany maps(by default) to illegal company acquisition.

10 Importation-Based Conflicts

By default,a pretencecontext is takento containasa factany factsitting immediately
outside.Thestore-roomexampleprovidesanillustrationof theneedfor this importa-
tion of facts.Oneof therulesappliedwithin thepretencecontext needsto establishthat
Johnis aperson.ThatJohnis apersonis givenonly outsidethecontext, however.

Importationcanleadto reasoningconflicts.In brief,within thepretencecontext, the
importedfactsmay supportthe complementof a presumed hypothesisthat derives
indirectly from thespecialmetaphoricalfactsinsertedinto thecontext at thestart(e.g.,
the fact that idea I1 is in store-roomSR1).That fact leadsto the conclusionthat I1
is a physicalobject.But the fact outsidethe context that I1 is an idealeadsby a rule
aboutmentalentitiesthatI1 is notaphysicalobject.To caterfor suchsituations,certain
factsoutsidethepretencecontext aredowngradedto presumed on importation,and
a simplemodificationis madeto the conflict-resolutionschemeas describedso far:
within a metaphoricalpretencecontext, specificity-comparisonis first attemptedin a
modewhereall reasoninglinespartiallydependenton importedfactsarethrown away.
Only if thisdoesnotyield awinnerarethoselinesrestored,andspecificity-comparison
is attemptedagain.This preferenceagainstimportsneedsto bereflectedout to higher
levelsvia lifting. Thepreferencecannaturallyberegardedasanadditionalspecificity
principle.

11 Combining Metaphorical and Belief Reasoning

Herewepresentonetypeof interactionthatis possiblebetweenmetaphoricalandbelief
reasoningin ATT-Meta.Othertypesnot addressedhereincludereasoningaboutother
agents’metaphoricalreasoningandreasoningabouttheallegedreasoningof personified
non-agents.

The store-roomexampleas presentedso far is doesnot addressthe questionof
why understanderswould try to establishtheaboveConnotation,or how understanders
would make useof thatconnotationif they spontaneouslyderivedit. But supposethat
the two ideas(I1, I2) mentionedin thestore-roomssentence(1) arestated(elsewhere
in thediscourse)to bebelievedby theagent,John,andsupposethatthey leadby some
fairly direct,naturalreasoningto someconclusionC. Then,if (1) hadnotbeenuttered,
it would have beenreasonableto ascribeby default to Johna belief in theconclusion
C. But this ascriptionrelieson a default assumptionthat Johndoesmentallyoperate
conjointly on I1 andI2. If thereis evidencethatthis is not thecase,thentheascription
shouldbeabandoned.Sentence(1) providesjustsuchevidenceagainstJohn’smentally
operatingconjointly on I1 andI2. We just mentionbriefly herewhathappens,with the
aidof Fig. 2. We supposetheusersuppliesthegoal

(K) JohnbelievesC to level at leastpresumed

andalso the factsthat JohnbelievesI1 to level certain andthat JohnbelievesI2
to level certain. Withoutany furtherinformation,ATT-Metawouldproceedasfol-
lows,on thesimplifying assumptionthatC canbederivedto level presumed by just



onerule applicationfrom I1 andI2. ATT-Metawould opena simulationpretencecon-
text in which I1 andI2 aresetup asfactsandC is setup asa goal.An attemptwould
be madeto establishC within the simulationcontext. We assumethat this attemptis
successfulbecauseof the mentionedrule application,giving somecertainlylevel for
C. For definiteness,let us saythat this level is certain. As a result,the hypothesis
(K) in thetop context is supported.Thelevel to which it is currentlysupportedis also
presumed, accordingto ageneralpolicy regardingsimulationof reasoning.
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Fig.2. Combiningbeliefreasoningandmetaphoricalreasoning.

But, the systemnotesthat hypothesis(K) dependsnot only on John’s belief in I1
andI2 but alsoon theassumptionthatJohnmentallyoperateson I1 andI2 conjointly.
Suchnotesareestablishedin all casesof belief reasoning,not just whenmetaphorical
reasoningis in theoffing: theremay, in principle,benon-metaphoricalevidencethatthe
assumptionis wrong.Becauseof thenote,theassumptionis setup asa goal,namely
goal(G) of theprevioussection.Suchgoalsarethe“agent-inferencehypotheses”men-
tionedin anearliersection.They aregivenaninitial certaintylevel of presumed, and
this level staysif thereis no counter-evidence.In ourexample,theevidencefor (NOT-
G) prevails.Because(G) is defeated,thesupportfor thehypothesisthatJohnbelieves
C to at leastlevel presumed collapses.(And asa result,theinferencestepwithin the
simulationpretencecontext is deleted.)



12 Conclusion

ATT-Metaembodiesaunique,implementedapplicationof context-handling.It incorpo-
ratesbelief reasoning,metaphor-basedreasoninganduncertainty-handlingin a unified
framework. In addition, the uncertainty-handlingcould be generalizedto work with
typesof context otherthanthoseneededfor belief reasoningandmetaphor. We have
paid muchattentionto the needfor conflict resolutionto be handledcorrectlywithin
differentcontextsat any depthof nesting,andacrosstheboundariesof contexts.Also,
differentbridgingrulesworking from onecontext to anothermayleadto conflict.We
saw acaseof this in metaphor-basedreasoning.

ATT-Meta’smetaphoricalreasoningin all its aspects(reasoningwithin contexts,ap-
plicationof conversionrules,etc.)usesthesamegeneral-purposerule-basedreasoning
provisionsasfor any otherreasoningwithin thesystem.Theonly thing specialabout
it is thetypeof knowledgeused(mainly in theform of conversionrules),fine detailof
thehandlingof thecontexts,andthespecialconflict-resolutionprovisionsconcerning
importationof factsinto metaphoricalpretencecontexts.

We do not claim that ATT-Meta can deal with all the subtletiesof the typesof
metaphoricalutteranceit is directedat.In particular, ATT-Metacurrentlylacksaproper
treatmentof changeandtime,andsocannotdojusticeto theprocessualqualityof many
metaphoricaldescriptions.But oneissuepartiallyaddressedis thecontext-sensitivity of
whatparticularconnotationsaredrawn,becausethemetaphoricalreasoning(aswith all
otherreasoningin thesystem)is goal-drivenandthereforeresponsive to theparticular
“issues”raisedby surroundingsentences.
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