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Abstract. An implementedtontet-basedeasoningystemcalledATT-Metais

sketched.The systemcan perform both reasoningaboutbeliefs of agentsand
metaphotbasedreasoningln particular it canperformmetaphotbasedreason-
ing aboutbeliefsand reasoningacts. The metaphoibasedreasoningand belief

reasoningfacilities arefully integratedinto a generalframevork for uncertain
reasoningThis framework allows for uncertairreasoningandconflictresolution
within individual contexts, uncertaintyin individual inter-context bridgingrules,
conflict resolutionbetweenthe effects of differentbridging rules,and conflict-

resolutionacrosscontet boundariesvhenargumentatiorinside a contet con-

flicts with agumentatioroutside.

1 Intr oduction

We have developedandimplementeda context-basednechanisnfor beliefreasoning,
in our ATT-Metasystem(Barndenl998,Barndenetal. 1994),mainly for the purposes
of naturallanguagepragmaticsHowever, we have alsotaken the unusualstepof de-
veloping,within thevery samesystema contet-basednechanisnior metaphotbased
reasoning—theeasoningneedediuringthe understandingf metaphoricalitterances.
(“ATT-Meta” = “[propositional] AT Titudes”and“Metaphor”) Useof contextsfor han-
dling metaphoiis a centralpartof the work of Fauconnie®& Turner(1998).However,
thatwork hasnot led to animplementednetaphoprocessingystem,doesnot com-
bine belief reasoningandmetaphoibasedeasoninganddoesnot addressincertainty
issuesn ary detail.

Indeed,belief reasoningand metaphorare almostalways studiedseparatelyBut
metaphoricalutterancesanbe aboutthe mentalstatesand processesf agents ATT-
Metawasoriginally focusedonly on thattype of metaphoyrthoughin factits metaphor
mechanismsrein no way confinedto it. Metaphoricalutterancesboutmentalstates
leadto the needto combinebeliefreasoningandmetaphoibasedeasoningn intimate
ways,oneof whichwe will detail.

A third prominentstrandin ourwork is qualitatve uncertainty-handlinglhisis im-
portantboth for useful,common-sensicdlelief reasoningand useful,common-sense
reasonindgasedn metaphorAlthoughbeliefreasonings occasionallycombinedwith
uncertaintyhandling(e.g.,in ParsonsSierra& Jenningd.998) theonly previousmetaphor
researchihat devotesextensize technicalattentionto uncertaintyappeargo be that of



Hobbs(1990). One goal of the ATT-Meta researchs for the systemto performun-
certainbelief reasoningand uncertainmetaphotbasedreasoningn a systematicand
uniformway, doingmorejusticeto uncertaintythanhasheretoforebeenseen.

Althoughwe have only studiedcontexts for belief reasoningand metaphoibased
reasoningpurwork onuncertaintyshouldbegeneralizabléo contextsmuchmoregen-
erally. The mechanismsve have developedallow for uncertainreasoningand conflict
resolutionwithin individual contexts, uncertaintyin individual inter-context bridging
rules, conflict resolutionbetweenthe effects of differentbridging rules,and conflict-
resolutionacrosscontext boundariege.g.to handleconflict betweernwhatit seemsan
agentbelievesaccordingto simulationof the agents reasoningandwhatit seemshe
agentbelievesaccordingo “external” information,suchasstatementby otherpeople
aboutthe agent). The mechanisméave beendesignedo work with unlimited nesting
of contexts, wherecontexts of differenttypescanoccurin anesting.

Theremaindef the paperaddressethefollowing topics,in sequencethe type of
metaphoricalitteranceve addressATT-Meta'sbasicreasonindacilitiesanduncertainty-
handling;ATT-Meta'sfacilitiesfor reasoningaboutagentshbeliefsandreasoningATT-
Meta’s metaphoricalreasoning;and one type of interactionof belief reasoningand
metaphotbasedreasoningOur presentatiorwill be informal, asit is the generalis-
sueshatourwork hasaddressedndtheinferencestratgiesthatwe have usedthatare
important,nottheir preciseclothingin formalterms.

2 Metaphor in ATT-Meta

A metaphoricalitterancéas onethatmanifesta metaphoricaliew, wherea metaphor
ical view is a conceptualiew of onetopic or domainasanotheithatis judgedqualita-
tively differentfrom it. Herewe broadlyfollow Lakoff (e.g.,Lakoff 1993).An exam-
ple of a metaphoricalview is the view of MIND AS PHYSICAL SFRACE. A natural-
languagemanifestatiorof this view mightbe“Johnbelievedin therecessesf hismind
that...” In a manifestationthe topic actually being discussedJohns mind, in the
example)is the target topic or domain,andthe topic thatit is metaphoricallycastas
(physicalspacejn theexample)is the souicetopic or domain.

The ATT-Meta systemdoesnot currentlydealwith novel metaphoricalviews that
canappeaiin naturallanguageutterancesRather it haspre-establishe@nowledgeof
aspecificsetof metaphoricaliews, includingMIND AS PHYSICAL SFACE.Butit is
specificallydesignedo handlenovel manifestation®f thoseviews, or, moreprecisely
andgenerallymanifestationsvhich cannoimmediatelybehandledby theknown map-
pingsfrom sourceto targetthat constitutethe metaphoricaliew. Suchmanifestations
arecommonin ordinarydiscourse€see.e.g.,Martin 1994).

Mundanetypesof discoursesuchasordinarycorversation@ndnewnspapearticles,
oftenusemetaphoiin talking aboutmentalstates/processed agentsTherearemary
mental-statenetaphoricaliews apartfrom MIND AS PHYSICAL SFACE. Someare
asfollows: IDEAS AS PHYSICAL OBJECTS underwhich ideasarecastasphysical
objectsthat have locationsand can move about,asin “He pushedtheseideasto one
side;” COGNITION AS VISION, aswhenunderstandingiealization knowledge etc.
is castasvision, asin “His view of the problemwasblurred;” andMIND PARTS AS
PERSONSunderwhich a persons mind is castascontainingseveral sub-agentsvith
their own thoughtsemotionsgtc.,asin “One partof him wascorvincedthathe should
gototheparty”



3 ATT-Meta’'s BasicReasoning

ATT-Metais arule-basedeasoningystemReasoningsub)goalsprovidedfactsand
derivedpropositionsareall calledhypothesefor corvenienceHypotheseareactually
(Barndenet al. 1994)termsin a first-order episode-basebbgic akin to that of, say
Hobbs(1990),but for simplicity of presentatiothey will be portrayechereasformulas
in afirst-ordermodallogic.

For ourpresenpurposesfactcontainmovariablesandif agoalcontainssariables
thenthe only quantificationis implicit existentialquantificationof all thosevariables,
prefacingthe entireformula. A factor goal caninvolve negation,conjunctionanddis-
junction, but in this paperwe will only touch on negation. The readermay assume
thatfor eachground(i.e., variable-freehypothesientertainedthe complemenis also
entertainedgven thoughthis is only roughly true. Two variable-freehypothesesre
complementaryvhenoneis thenegationof the other This paperargely omitsexplicit
consideratiorof variablesn hypothesefrom now on.

At ary time ary particularhypothesids taggedwith a qualitative certaintylevel,
oneof cert ai n, presuned, suggest ed, possi bl eorcertai nl y-not . The
intuitive meaningsreasfollows:

certai n: Thehypothesiss truewithoutresenation.

certainly-not: Thecomplemeniscert ai n.

pr esuned: thehypothesiss adefault i.e., it is takenasaworking assumption,
pendingfurtherevidence.

suggest ed: thereis evidencefor thehypothesisbut it is not (yet) strongenough
to enablethe hypothesigo bepr esuned.

possi bl e: No evidenceat all hasyet beenfound for the hypothesisput the
negationis notcert ai n.

(Thelevelcert ai nl y- not isincludedfor practicalreasonsgventhoughit is redun-
dant.)If ahypothesigs atalevellessthancer t ai n atsomemomentt canpotentially
achieve ahigherlevel later However, eachhypothesislsohasanupperboundthatcan
limit therise of its certaintylevel. Our currentsystemof levelsis no doubtsimplistic
comparedo what may ultimately be required,but it is complex andpowerful enough
for substantiahdvancego be madein our areaof interest.

A rulein ATT-Metais of largelytraditionalform, having anantecedenandaconse-
quent but it alsohasa qualitativecertaintylevel. We will displayrulesin thefollowing
format:

| F <antecedentomponeni>AND <antecedentomponeng>. ... AND <an-
tecedentomponeni>
THEN [ <certaintyleveb>] <consequent

Theconsequeris of thesameorm asagoal,andmaythereforecontainvariablesEach
componenbf the antecedenis an expressionin goal form. Implicitly, all variablesin

therule areuniversallyquantified outsidethe wholerule. The certaintylevel of arule
isoneof suggest ed, pr esuned, cert ai n.

ATT-Metaappliesits rulesin a backchainingstyle. It is givena reasoninggoal by
auser andusesrulesto generatesubgoalsn the normalway. Goalscanof coursealso
be satisfiedby providedfacts.Whena rule applicationsuccessfullysupportsa goal, it
suppliesalevel of certaintyto it, calculatedasthe minimumof therule’s own certainty
level andthe levels picked up from the hypothesesatisfyingthe rule’s antecedent.



The rule’s certaintylevel thus actsas an upperboundon the certaintythat the rule
cansupplyto its conclusion.The rule only suppliessupportto the goal in this way
if all thosecertaintylevels areat leastsuggest ed (becausevery hypothesisstarts
off aspossi bl e aryway). Whenseveralrulessupporta hypothesisthe maximumof
their certaintycontributionsis taken. Currently ATT-Metatriesto applyall rulesto all
goals,thoughanimportantfutureresearclyoalis to refinethis procedureby the useof
heuristics.

Thesystencontainsa modifiedtypeof justification-basettuth-maintenancmech-
anismfor propagatindevels of certaintyaroundvia rule-applicationsThereareoften
cyclesin the hypothesigiraph (which is essentiallya dynamicallychangingAND/OR
graphdefinedby therule-applicationshathave beencreated)As aresult,in generathe
systemiteratively settlesto a consistensetof hypothesisertaintylevels. The process
is guaranteedb terminate.

4 BasicConflict Resolution

Whenbothahypothesisindits complemenaresupportedo level atleastpr esuned,
conflict-resolutiorwill take place.The mostinterestingcaseis whenboth hypotheses
areexactlypr esumned. In this casethesystemattemptgo seewhetheronehypothesis
hasmore specificevidencethantheother Theformeris thenthe“winner.” If thesystem
determinesa winner, it downgradeshe certaintylevel of the loserto suggest ed,
keepingthe winner’s at pr esuned. If it cannotdeterminea winner, it downgrades
bothto suggest ed. It is thereforeconsenrative in its conflict resolution,avoiding
arbitrarydecisionsbetweerhypothesed-or instancejn the Nixon diamondit will end
up attachingevel suggest ed to thehypotheseghatNixon is andis not a pacifist.

Specificitycomparisoris a commonlyusedheuristicfor conflict-resolutionin Al
(see,e.g.,Loui et al. 1993)althoughseriousproblemsremainin comingup with ad-
equateand practicalheuristics. ATT-Meta’s specificity comparisondependson what
factsthe two conflicting hypothesesely on andon derivability relationshipshetween
the hypothesesupportingthe conflicting hypothesesThe derivability aspecis analo-
gousto derivability aspectof otherschemedor specificity andhasasa specialcase
the ancestoiclosenesseuristiccentralto mostsemantimetworks. Thefactaspecte-
lies on the intuition thatif one of the conflicting hypotheseselieson morefactsthan
theotherthenit hasmorespecificevidence(*more” in a set-inclusiorsense).

The following is a simple exampleof specificity comparisons sufficient for the
purposesof this paper It illustratesonly the derivability aspect.Supposehe system
hasrulessayingthatstudentsarepresumablynotrich, medicalstudentsarepresumably
rich, but Englishmedicalstudentsarepresumablynotrich. Thusthe secondule over
turnsthefirst andthethird overturnsthe second Supposehereis factsayingthatBill
is an Englishmedicalstudent.Thenthe systemconcludeghatBill is presumablynot
rich, defeatingthe line of evidencefrom the secondrule mentioned.The systemcan
dealwith any numberof levelsof overturningin a scenarioof this sort.

5 ATT-Meta’'s Reasoningabout Agents’ Beliefsand Reasoning

ATT-Metahasfacilitiesfor reasoningnon-metaphoricallaboutthe beliefsandreason-
ing actsof agentswherethosebeliefsandactsmay in turn be aboutthe beliefsand
reasonindor furtheragentsandsoforth. Although ATT-Metacanreasoraboutbeliefs



in anordinaryrule-basedvay (e.g.usingrulessuchas‘if X is EnglishthenX presum-
ably believescricketis interesting”),its maintool is simulativereasoninge.g.,Creary
1979).Roughly in attemptingto shav thatagentX believesP, the systemputsP asa

goalin a simulationcontet for X, which is a specialervironmentwhich is meantto

reflectX’s own reasoningrocessedf P is supportedvithin the simulationcontet by

hypothese®), wherethesystemakesX to believetheQ, thenthereasonindgrom theQ

to Pin thecontet is alleged(by default) to bereasonindyy X. Thereasoningvithin the
contet caninvolve ordinaryrule-basedeasoningand/orsimulationof furtheragents.
Currently ATT-Metacanuseary of its ruleswithin any simulationcontet, sothatall

rulesareeffectively treatedascommonknowledge Of coursethis needso bemodified
in futureresearch.

The picturejust givenof simulative reasoningneedgo be greatlycomplicatecbe-
causeof uncertaintiesFirst, the reasoningvithin the simulationcontect canbe uncer
tain. Also, theinformationaboutX resultingfrom a simulationof X is itself uncertain:
evenif thereasoningwithin the simulationcontect supportsP with absolutecertainty
ordinaryrule-basedeasoningutsidethe context may supportthe propositionthatit is
notthecasethatX believesP. Also, thereis alwaysthe possibilitythat(a) X maynotin
facthave donesomeof theallegedreasoningstepsand(b) evenif X hasdonethem,it
may bethat X hasalsodonestepsthatsupportthe negationof P (whenP is uncertain
within the context).

An atomicbeliefhypothesiss a formulaof theform B(a, ¢, ), whereBisa
modaloperatora is atermdenotingtheagent,¢ is a hypothesis-lile formula,and X is
acertaintylevel greaterthanor equalto possi bl e. Intuitively the hypothesisneans
thatthe agentbelieves¢ with certaintyAT LEAST ). Becausef the A argumentthe
systemexpressesincertaintyin every layer of belief. Hypothesesnvolving belief take
partin rule-basedeasoningustasotherhypothesesdo (subjecto arathercomplicated
optimizationconcerninghe A argumentsn belief hypotheses)Notice thatbecausef
the “AT LEAST X" provision, if B(a, ¢, A) holdsthensodoesevery B(a, ¢,
A') for lessercertaintylevels .

Ordinaryrule-basedeasoningnvolving belief hypothesess notintendedto cater
for reasoningthat is allegedto be performedby other agents.Simulatve reasoning
is implementedor this purpose Wheneer a hypothesighat is an atomic belief hy-
pothesidgs createdthe hypothesigormedby strippingoff the applicationof the belief
operatorB is alsoformed (unlessit alreadyexists), and placedinsidethe “simulation
contet,” or “reasoningspace, for theagentin question(similarto thebeliefspacesind
contets in mary otherauthors'work). This happengecursvely in the caseof nested
beliefhypothesesothatwe getnestedeasoningpacegnesteccontets). Corversely
whenever a goalis creatednside an agents reasoningcontext, an applicationof B is
wrappedaroundit andplacedin the immediatelysurroundingcontext (which may be
thesystems own).

The supportfor an atomic belief hypothesiscan comefrom: ordinaryrule-based
reasoningn thelayer (i.e., reasoningcontet) it lies in; from simulative reasoninge-
sultingfrom strippingoff the B; andfrom rule-basedeasoningthigherlevelsresulting
from addingfurtherB applicationsOneof ourfoci in this paperis on mattersof conflict
resolutiondiscussedbelow. For this purposeatechnicalityneedso beexplained Each
rule-applicatiorwithin anon-systenteasoningontext is “lifted” to thenext reasoning-
contet out. Thatis, considehypothesi8( a, ¢, A) within areasoningontet R,
and hypothesisp within R, the reasoningcontet for a nestedwithin R. For each
rule-applicatiory supportingg, a“lifted rule application”A(«) is createdasa support
for B(a, ¢, M) .LetA(a) bethesetof hypotheseslirectly usedby applicationa.



Then,the setof hypotheseslirectly usedby A(«) formedby wrappingB(a, ...)
aroundeachmemberof A(a), plusanextra “agent-inferencénypothesis'thatwill be
explainedin the discussionof metaphor The systemalways usespr esuned asthe
strengthof theimaginaryrule of which A(«) is anapplication.

Suchlifted rule applicationsaccountfor almostall the direct effect that the sim-
ulationof a (i.e., thereasoningwithin R,) hasonthereasoninggboutB(a, ¢, )
within context R. Importantly lifted rule applicationsfor a hypothesisire treatedin the
samewayasordinary rule applicationsfor the hypothesisn respecof certainty-value
accumulatiorandconflictresolutioninvolvingthe hypothesisThis principlesuppliesa
valuableamountof modularityin the designof the system.

6 Conflict Within and AcrossBelief Layers

Considerthe hypothesisB( a, ¢, presuned) within a reasoningcontext R, and
hypothesisp within R,. Also considerthe following relatedhypothesesthe comple-
ment ¢’ of ¢ within R,, the hypothesisB(a, ¢', presuned), andthe comple-
mentsof the two B hypotheseqFor simplicity, we will not discussherethe matterof
otherB hypothese®f theform B(a, ¢, ...).All six hypotheseganhave inde-
pendentule-basedrgumentatiorsupportinghem,andwe arethereforeacedwith the
problemof therebeingpotentialconflict-resolutionwithin R, betweeny and¢’, and
within R betweenB(a, ¢, presumnmed) andits complementand betweenB( a,
¢', presuned) andits complementln two specialcasest is clearwhatto do.

(a): whenthereis no evidencefor thefour hypotheses R otherthanwhatariseswithin
R,, conflict resolutionshouldoccurwithin R,, betweerthe inside hypotheseg and
¢'. As aresult,the certaintylevelsof someor all of thefour outsidehypothesesaswell
asof oneor bothof theinsidehypothesesyill beadjusted.

(b): This specialcaseis the oppositeof case(a) — thatis, no rule-basedeasoning
inside R, supportsp or ¢' to level pr esuned. Then,conflictresolutionshouldnotbe
donewithin the simulation,but shouldoccuroutside.

Thedifficult casds whenthereis (non-lifted)rule-basedupporteitherdirectly or indi-
rectly, for atleastoneof thefour outerhypothesesaswell asrule-basedupport(lifted
or otherwise)or atleastoneof ¢ and¢’. This casds madeto look like specialcasgb)
by meansof thelifting mechanismThatis, the rule-basedargumentatiorwithin con-
text R, is lifted to the outercontext, andcombineswith the rule-basedirgumentation
in thatcontext. Thus,conflict-resolutioris performedn thenormalway in thatcontext,
in anattemptto find a winnerbetweerB(a, ¢, presumed) andits complement,
andbetweerB(a, ¢', presuned) andits complement.

However, aspecialprovision helpsthis processAny rule-applicationglirectly sup-
portingB(a, ¢', presuned) arecopiedto becomerule applicationdirectly sup-
portingthe complemenof B(a, ¢, presumed) aswell. Conversely applications
directly supportingB(a, ¢, presuned) arecopiedto becomeonesfor the com-
plementof B(a, ¢', presuned) aswell. Thisis necessargoasto allow conflict
within the simulationto be reflectedas conflictin outercontexts, becausd3( a, ¢,
presuned) andB(a, ¢, presuned) arenotcomplementsf eachotherandbe-
causespecificity-comparisoiependsn part on direct supportrelationshipsetween
hypotheses.

Sincethe cross-contet considerationsve have beendiscussingcan apply at ary
contet boundaryin a nestingof reasoningcontexts, the following recursve process



is defined.Startingat the top reasoningcontext (i.e., the systems), the systemworks
down throughcontexts. If it hits an atomicbelief hypothesisandits complementhat
arein conflict,andwhereat leastonehasnon-liftedrule-basedupport(eitherdirectly
or indirectly), it appliesthe basicconflict-resolutionprocedureto thosehypotheses.
The systemnow descendgo the inner contet, and so forth. If the conflicting belief
hypotheseslo not have non-lifted rule-basedsupport,thenthe systemjust goesdown
to theinnercontext.

7 Metaphor-BasedReasoningin ATT-Meta

ATT-Metais merelyareasoningystemanddoesnot dealwith naturallanguagenput
directly. Rather a usersupplieshand-codedogic formulaethatareintendedto couch
theliteral meaningof smalldiscoursechunks.The systemdoesreasoningon the basis
of theseformulae.Consideithefollowing metaphoricasentence:

(1) “The two ideaswerein differentstore-roomsn Johns mind”

The sentencemanifeststwo metaphoricaviews: MIND AS PHYSICAL SFACE and
IDEAS AS PHYSICAL OBJECTS We assumehat the understandeis familiar with
both metaphoricalviews. We assumehat the understandeonly hasa physicalsense
for “store-room”andthat the notion of physicalstore-roomis not map-enshrinedor
theunderstandey eitherof the metaphoricaliiews: thatis, the notionis not mapped
by eithermetaphoricaliew to ary target-domaimotion.We saythe sentencés anex-
ploitation of the two metaphoricaliews, becausef this useof a non-map-enshrined
notion. Suchexploitative sentencesrea majorissue,becausehey appearo be com-
monin discourseHowever, existing implementedsystemfor metaphototherthanour
own are largely not directedat them, with two main exceptions:Martin (1994) and
Narayanan(1997). Thesesystemsare more restrictedin scopethan ours specialised
aimsthanoursanddo notdealwith the uncertainty-handlingssueghatwe address.

In our approacho exploitative metaphoricalitterancesye try to avoid discovering
or inventingmappinggor non-map-enshrinegotionssuchasSTORE-ROOM. Rather
we rely onon-the-flysouice-basednhference—inferenceconductedguringunderstand-
ing, within thetermsof the sourcedomain(s)of themetaphoricaliew(s) involved—to
link the utterances useof the notionsto notionsthatare map-enshrinedyy the views.
By this meansthe understandecaninfer connotationsof the utterancesuchasthe
following:

Connotation
Thementioneddeaswere involvedin John’smindin sud a waythat JohnwasNOT
in a positionto mentallyoperate uponthemconjointly—forinstance to compae
themor to performaninferencethatdirectlyreliedon bothof them.

Thedesirabilityof deriving theconnotatiorcouldarisefrom abelief-reasoningpisode,
but we deferthis matterto Section3.8.1n the presensectionwe explain, with theaid of
Fig. 1, how theconnotatiorcanbederived,asanuncertaininferenceobtainecby usage
of

A. theinformationin the utteranceaaken literally, i.e. takento saythat Johns mind
literally has physicalstore-roomsas partsand that the ideasare in thosestore-
rooms;



B. generaknowledgeaboutreal physicalstore-room&ndotherphysicalobjects,lo-
cationsandinteractions;

C. corversionrules associatedvith MIND AS PHYSICAL SFACE and IDEAS AS
PHYSICAL OBJECTSwherea corversionrule is a type of context bridging rule
thatmapsinformationbetweerthesourcedomainandthetargetdomainof ametaphor

ical view.

“The ideas are in different store-rooms in John’s mind"
b The ideas are I1 and 12
\~LITERAL MEANING:

SR1 and SR2 are store-rooms WJ

SR1 and SR2 are parts of John’s mind

SR1 and SR2 are differel
)1 and 12 are in SR1 and SR2 resp.

NOT(SR1 and SR2 are physically-together
with respect to John’s mind)

11 is physically-in John’s mind ) John can mentally-operate on I1
12 is physically-in John’s mind John can mentally-operate on 2

NOT(I1 and 12 are physically-together
with respect to John’s mind)

John can-mentally-operate
on I1 and I2 conjointly

defeated goal G

NOT(John can-physically-operate
on 11 and I2 conjointly) \

{NOT(John can-mentally-operate }

on I and 12 conjointly)
NOT-G

SOURCE-BASED PRETENCE CONTEXT

Fig. 1. Part of thereasoningn store-roomexample Theliteral meaningof thesentencés shavn
in the topmostpartof thelarge box. The processinghavn within the large box is source-based
inferenceTheprocessingutsidethebox is reasoningvithin thetermsof thetargetdomain.The
arravs from within the box to outsidedepictapplicationof conversionrules.

Thereasoningapartfrom the applicationof the corversionrules,occurswithin a spe-
cial context thatwe call a source-baseretencecontet. (Elsavherewe have usesthe
word “cocoon” insteadof “context.”) Within this contet, the literal informationfrom
the sentence—(Apbore—is taken to be true, no matterhow absurd.This meaning,
beingliteral, is in thetermsof the sourcedomainsof the metaphoricaliews usedthe
sentencethatis thedomainsof PHYSICAL SFACE andPHYSICAL OBJECTSIn our
example ATT-Metacanuseary of its reasoninguleswithin thesource-basegretence
contet to try to infer propositionsthat canbe usedby the corversionrulesto gener
ate propositionsaboutthe target domain. The propositionsthus generatedare in the
system$ top reasoningontext, notthe pretencecontect. Thereasoningvithin thepre-



tencecontet is whatwe calledabove the on-the-flysource-baseteasoningBecause
of the natureof the corversionrulesandinformation(A), this reasonings largely or
wholly conductedisingrulesaboutthesourcedomainshbut we allow it to involve other
rulesalso,suchasrulesaboutthe target-domairitself.

The maincorversionrule usedmapsinability of someondo physicallyoperateon
two ideasconjointly (wheretheideasareviewedmetaphoricallyasaphysicalobject)to
that persons inability to operatementallyon the two ideasconjointly. (We emphasize
that the word “operation” hereis usedlooselyin bothits physicaland mentalsense.
Physicaloperationincludesperceptioncomparisonetc; mentaloperationsimilarly in-
cludesnoticing,comparisonetc.) Therule is actuallyasfollows:

2
IF Jis anideaAND K is anidea
AND it is beingpretendedhat, presumablyat least,J is a physical-object
AND it is beingpretendedhat, presumablyatleast,K is a physical-object
AND X isaperson
AND it isbeingpretendedhat,presumablyatleast NOT(X can-physically-operate-
on{J,K})
THEN [presumedNOT (X can-mentally-operate-ofd,K}).

A hypothesigjlossedhereas‘it is beingpretendedhat, presumablyat least,H” for
somehypothesid is a statementhatthe pretencecontext containsH andthatthelevel
of certainfor H within that context is at leastpr esuned. A hypothesisof form “it
is beingpretendedhat, with certaintyat leastA, H” is a highly analogougo a belief
hypothesisUsing the samestyle of notationaswe usedabove for belief hypotheses,
it canbe expressedas a formula of the form pr et end(H, ). Suchaformulais
outsidethe pretencecontext. TheformulaH is within the contet. A formulausingthe
pr et end operatoris calleda “pretencehypothesis. To oversimplify this, every such
hypothesiss reflectedwithin the context by its “H” argumentandevery hypothesiH
within thecontext is reflectedoutsideby a pretencéhypothesis.

Conjointnes®f operations modelledin (2) by having a setof objectsratherthata
singleobject,asanargumentin the applicationof can-physically-operate-andcan-
mentally-operate-orTthe above corversionrule is oneof a setof relatedrules.Others
includea corverse a contrapositie anda corverse-contraposite for the above. (Two
of thesemap from the target domainto the sourcedomain,ratherthanthe reverse.
This is anotherunusuafeatureof our approachwith respecto to otherapproacheto
metaphol) Also, therearerulesdealingwith singleobjects ratherthannon-singleton
sets.

The connotatiorshavn above arisesby anapplicationof (2). Thisis becausét can
be shavn that, by default, NOT(X can-physically-operate-ofil,12}), wherell and|2
arethe ideasmentionedn the sentencefrom the premisethat |1 and 12 areliterally
in differentstore-rooms$n Johns mind. Thisis becausda) store-roomsarerooms,(b)
differentroomsin a building are usually do not spatially overlap, (c) objectsin non-
overlappingsubrgionsof a physicalregion R are, by default, not spatially-together
with respecto the scaleof R, and(d) in the common-sensphysicalworld, a person
who canoperatein a physicalregion R cannot,by default, physicallyoperateon two
physicalobjectsin R conjointly if they are not spatiallytogetherwith respecto the
scaleof R. In our example,R is instantiatedJohns mind. But notethat (a) to (d) are
just piecesof common-sensamformationaboutthe physicalworld. The only properly



metaphoricaprocessings the applicationof rule (2). Principles(a) to (d) arecouched
asATT-Metarulesthatwe do not detailhere.

Thereasoningising(a—d)occurswithin thesource-basegretenceontext. Into that
context is inserted(at the appropriatenomentin the backwardsrule-basedeasoning)
thefactsthatll isin astore-roonSR1,12 isin astore-roonSR2,SR1is partof Johns
mind, andSR2is partof Johns mind. Fromthesefacts AT T-Metacaninfer, within the
source-basegretencecontext, thatJohns mind is a building andthereforea physical
region,andl1 andI2 arephysicalobjects.Theseinferencesisefurthercommon-sense
rulesaboutthe ordinaryphysicalworld.

Notethatthe above reasoningequiresit to be shavn thatJohncanphysicallyop-
eratewithin his mind. This is shovn by arule associateavith MIND AS PHYSICAL
SFACE thatsaysthatif a personX’'s mindis pretendedo be a physicalregion thenX
canphysicallyoperatewithin it.

Thekey pointis thatthis reasoningrom the literal meaningof the utterancegon-
ductedwithin the pretencecontet, link up with the knowledgedisplayedas(2). That
knowledgeis itself of a very fundamentalgeneralnature,anddoesnot, for instance,
rely on the notion of store-roomAny line of within-pretencenferencethatlinked up
with thatknowledgecould leadto a conclusionthat the personin questioncould not
mentallyoperateon someideasconjointly.

RecallthatATT-Metaappliesrulesin a backwards,goal-directedvay. So,we need
a goalto startthe processff. For the moment,let us someavhat artificial assumehe
goalis

(G) John can-mentally-operate-or{11, 12}.

In fact,thesystemwill concludewith a certaintyof pr esuned for thenegationof (G),
therebydrawing the Connotatiordisplayedabove. Below we will shov how the need
to establistthe Connotatiorcouldarisenaturallyandimplicitly in beliefreasoning.

8 A Caseof Metaphorical Conflict

Noticethe uncertaintyin the systems conclusionaboutthe negationof (G)—it is only
pr esuned. The uncertaintyarisespartly from the fact that corversionrules, such
as(2), have a certaintylevel only of pr esumed, notcert ai n. Indeed,ATT-Meta
allows the possibility that thereis evidencefor (G) itself that outweighsthe evidence
for its negation.In our actualimplementatiorof the store-roomsxample ,we do have
afurtherrule, operatingentirelywithin thetargetdomainof mentalstates:

(©)
IF X can-mentally-operate-ahAND X can-mentally-operate-df
THEN [presumed)X can-mentally-operate-ofd,K}.

This supports(G), becauseof a MIND AS PHYSICAL SFACE corversionrule that
saysthatif anideaJis in amind thatis viewed asphysicalregion thenthe agentcan
mentallyoperateontheidea.Thus,thereis arealconflictbetween(G) andits negation.
Our general-purposespecificity-basedonflict-resolutionmechanisnis adequate
for establishinghatthe evidencesupportinggoal (NOT-G) above it be more specific
thantheevidencesupporting(G) itself. The agumentatiorfor the negationof (G) ulti-
matelyreliesonall thefactsthat(G) reliesontogethemwith anextra one,namelythatit



is pretendedhatSR1andSR2aredifferent Thereforemerelyby thefact-basedspect
of specificitycomparison(NOT-G) is regardedashaving morespecificsupport.

(G) and(NOT-G) areboth supportediirectly or indirectly by conversionrules(for
differentmetaphoricaliews). However, (G) couldpotentiallybe supportedy informa-
tion thatis entirely derivedin the targetdomain.For instancethe understandemight
know afactF from previousnon-metaphoricadiscoursehatallows it to be concluded
thatJohnis entertaining1 andl2, andthereforecanmentallyoperateon 11 andI2 in-
dividually, sothat by target-domairrule (3) we get further supportfor (G). However,
althoughwe do not shav herehow this happens(NOT-G) would still win against(G),
againjust by the generl-purposeconflict-resolutiormechanism.

9 Uncertainty in Metaphor

ATT-Metaincludesthe following typesof uncertaintyhandlingin its metaphoibased
reasoning.

(1) Givenanutteranceit is oftennotcertainwhatparticularmetaphoricaviews or vari-
antsof themaremanifestedCorrespondinglyAT T-Metamaymerelyhave pr esuned,
for instanceasa (tentatve) level of certaintyfor apretencenypothesissuchasthatthe
pretencehatideall is a physicalobject,in the store-roomexample.This hypothesis
is thenpotentiallysubjectto defeat.Indeed,notethat,in the examplethe pretencehy-
pothesigustalludedto only arisesn the middle of reasoningthe systemdoesnot start
with a premisethatsomeideais beingviewedasphysicalobject.

(2) Knowledgeaboutthe sourcedomainof the metaphoricaliew is itself generally
uncertain Correspondinglyin ATT-Metathe hypotheseandreasoningvithin the pre-

tencecontext are usuallyuncertain,and caninvolve the useof the conflict-resolution
mechanisntescribedbore. Forinstanceijt is notcertainthata personcannotphysical
operateconjointlyontwo objectsf they arephysicallyseparateffom eachother There
couldbeevidencein a particularcasethatthe personcanindeedoperateconjointly on

them.

(3) Corversionruleslike (2) are merelydefault rules. Therecanbe evidenceagainst
the conclusionof therule. Whetherthe conclusionsurvivesasa default (pr esuned)
hypothesigdepend®on the relative specificity of the evidencefor andagainstthe con-
clusion.Thus,whethera pieceof metaphoricateasoningoverridesor or is overridden
by otherlines of reasoningaboutthe targetis matterof the peculiaritiesof the caseat
hand.However, mary researcherge.g.,Lakoff 1993)appearto assumehat, in cases
of conflict, targetinformationshouldoverridemetaphotbasednferencesandthusdo
not fully addresghe potentialuncertaintyof target information. It must be realized
that,justaswith literal utterancesa metaphoricalitterancecanexpressanexceptionto
somesituationthatwould normally applyin the targetdomain.To metaphoricallysay
“The compalry nursedts competitorbackto health”contradictglefaultknowledgethat
companiesionotnormallyhelptheircompetitorsandshouldoverridethatknowledge.

(4) Differentcorversionrules working may createpropositionsthat lead to conflict.
We saw thisin the discussiorof (G) andits negationin the store-roomexample.Such
conflictcanalsooccurbetweerthecorversionrulesfor justasinglemetaphoricabiew.
For example,in usesin realdiscourseof themetaphoricaliew of ORGANIZATIONS
AS PHYSICAL OBJECTS,companiesare often castas eatingthings, suchas other
companiesEatingactionsby companiesnightbemappedo legal compary-acquisition



be default, but therecouldbe a morespecificmappingthatsaysthateatingby a Mafia-
run compaty maps(by default) to illegal compalty acquisition.

10 Importation-Based Conflicts

By default, a pretencecontext is takento containasafactary factsitting immediately
outside.The store-roomexampleprovidesanillustration of the needfor this importa-
tion of facts.Oneof therulesappliedwithin thepretenceontet needgo establisithat
Johnis apersonThatJohnis a persoris givenonly outsidethe context, however.

Importationcanleadto reasoningonflicts.In brief, within the pretencecontext, the
importedfactsmay supportthe complemenof a pr esuned hypothesighat derives
indirectly from the specialmetaphoricafactsinsertednto the context atthe start(e.g.,
the factthatideall is in store-roomSR1). That fact leadsto the conclusionthat 11
is a physicalobject.But the fact outsidethe context thatl1 is anidealeadsby a rule
aboutmentalentitiesthatl1 is notaphysicalobject.To caterfor suchsituationscertain
factsoutsidethe pretencecontext aredowngradedo pr esuned on importation,and
a simple modificationis madeto the conflict-resolutionschemeas describedso far:
within a metaphoricapretencecontext, specificity-comparisois first attemptedn a
modewhereall reasonindines partially dependentnimportedfactsarethrown away.
Only if thisdoesnotyield awinnerarethoselinesrestoredandspecificity-comparison
is attemptedagain.This preferenceagainsimportsneedso be reflectedout to higher
levelsvia lifting. The preferenceannaturallybe regardedasanadditionalspecificity
principle.

11 Combining Metaphorical and Belief Reasoning

Herewe presenbnetypeof interactiorthatis possiblebetweermetaphoricahndbelief
reasoningn ATT-Meta. Othertypesnot addressetiereincludereasoningaboutother
agentsmetaphoricateasoningaindreasoning@bouttheallegedreasoningf personified
non-agents.

The store-roomexampleas presentedso far is doesnot addresshe questionof
why understandersould try to establistthe abose Connotationpr how understanders
would malke useof thatconnotationf they spontaneouslgerivedit. But supposehat
thetwo ideas(l1, 12) mentionedn the store-roomsentencdl) arestated(elsevhere
in thediscourse}o be believedby theagent John,andsupposehatthey leadby some
fairly direct,naturalreasoningo someconclusionC. Then,if (1) hadnotbeenuttered,
it would have beenreasonabléo ascribeby default to Johna belief in the conclusion
C. But this ascriptionrelies on a default assumptiorthat Johndoesmentally operate
conjointlyon 1 andlI2. If thereis evidencethatthis is not the case thentheascription
shouldbeabandonedSentencél) providesjust suchevidenceagainstlohns mentally
operatingconjointly on 11 andl2. We just mentionbriefly herewhathappenswith the
aid of Fig. 2. We supposéheusersupplieshegoal

(K) JohnbelievesC to level atleastpr esuned

and alsothe factsthat Johnbelieves|1 to level cer t ai n andthat Johnbelieves|2
tolevel cert ai n. Withoutary furtherinformation,ATT-Metawould proceedasfol-
lows, on the simplifying assumptiorthat C canbe derivedto level pr esumed by just



onerule applicationfrom 11 andl2. ATT-Metawould opena simulationpretencecon-
text in which 11 andI2 aresetup asfactsandC is setup asa goal. An attemptwould
be madeto establishC within the simulationcontet. We assumethat this attemptis
successfubecausef the mentionedrule application,giving somecertainlylevel for
C. For definitenesslet us saythatthis level is cer t ai n. As aresult,the hypothesis
(K) in thetop context is supportedThelevel to whichiit is currentlysupporteds also
pr esuned, accordingo agenerabpolicy regardingsimulationof reasoning.

- - - -(H) John believes C

-John believes I1

777777 John believes 12

SIMULATION CONTEXT for John

wins defeated

NOT(John can mentally operate| | John can mentally operate
on I1and 12 conjointly) on 11 and 12 conjointly

/ SOURCE-BASED PRETENCE CONTEXT

Fig. 2. Combiningbeliefreasoningandmetaphoricakeasoning

But, the systemnotesthat hypothesigK) dependsiot only on Johns beliefin 11
and|2 but alsoon the assumptiorthat Johnmentallyoperate®n |1 and12 conjointly.
Suchnotesareestablishedn all caseof belief reasoningnot justwhenmetaphorical
reasonings in theoffing: theremay; in principle,benon-metaphoricavidencethatthe
assumptioris wrong. Becausef the note, the assumptioris setup asa goal, namely
goal(G) of the previoussection.Suchgoalsarethe “agent-inferencéypothesesinen-
tionedin anearliersection.They aregivenaninitial certaintylevel of pr esuned, and
this level staysif thereis no counterevidenceln our example the evidencefor (NOT-
G) prevails. Becaus€G) is defeatedthe supportfor the hypothesighat Johnbelieves
Cto atleastlevel pr esuned collapses(And asaresult,theinferencestepwithin the
simulationpretencecontet is deleted.)



12 Conclusion

ATT-Metaembodiesunique implementedpplicationof context-handling It incorpo-
ratesbeliefreasoningmetaphotbasedeasoninganduncertainty-handlingn a unified
framework. In addition, the uncertainty-handlingould be generalizedo work with
typesof contet otherthanthoseneededor belief reasoningand metaphorWe have
paid muchattentionto the needfor conflict resolutionto be handledcorrectlywithin
differentcontets at ary depthof nesting,andacrosshe boundarie®f contets. Also,
differentbridging rulesworking from onecontext to anothemay leadto conflict. We
sav acaseof thisin metaphotbasedeasoning.

ATT-Meta’smetaphoricateasoningn all its aspectgreasoningvithin contexts, ap-
plicationof corversionrules,etc.)usesthe samegeneral-purposaile-basedeasoning
provisionsasfor ary otherreasoningwithin the system.The only thing specialabout
it is thetype of knowledgeused(mainly in the form of corversionrules),fine detail of
the handlingof the contets, andthe specialconflict-resolutiorprovisionsconcerning
importationof factsinto metaphoricapretencecontexts.

We do not claim that ATT-Meta can deal with all the subtletiesof the typesof
metaphoricaltterancaet is directedat. In particular AT T-Metacurrentlylacksa proper
treatmenbf changeandtime,andsocannotdojusticeto the processuajuality of mary
metaphoricatliescriptionsBut oneissuepartially addressed thecontext-sensitvity of
whatparticularconnotationgredravn, becaus¢he metaphoricateasoningaswith all
otherreasoningn the system)is goal-drivenandthereforeresponsie to the particular
“issues”raisedby surroundingsentences.
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