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Abstract

This paper describesa computational
formalism that capturesstructural rela-
tionships among participants in a dy-
namic scenario. This representationis
usedto describethe internalstructureof
FrameNetframesin termsof parameters
for activeeventsimulations.Weapplyour
formalismto the commercedomainand
show how it providesa �e xible meansof
handlinglinguistic perspective andother
challengesof semanticrepresentation.

1 Intr oduction

The developmentof lexical semanticresourcesis
widely recognizedasa prerequisiteto progressin
scalablenaturallanguageunderstanding.Oneof the
mostsemanticallysophisticatedefforts in thisdirec-
tion is FrameNet(Bakeretal.,1998;Fillmoreetal.,
2001),anonlinelexical resource1 designedaccord-
ing to the principlesof framesemantics(Fillmore,
1985; Petruck,1996). FrameNettakesas founda-
tional the assumptionsthat (1) lexical items draw
on rich conceptualstructures,or frames, for their
meaningandfunction;and(2) conceptuallyrelated
lexical items may foreground different aspectsof
the samebackgroundframe. Verbsinvolved with
commercialeventsserve ascanonicalexamples:

(1) a. Chuckboughtacarfrom Jerryfor $1000.
b. Jerrysoldacarto Chuckfor $1000.
c. ChuckpaidJerry$1000for acar.
d. JerrychargedChuck$1000for acar.
e. Chuckspent$1000onacar.

Thesentencesin (1) might describethesameinter-
action– in which oneindividual (Chuck)transfers

1http://www.icsi.berkeley.edu/framenet/

money ($1000)to another(Jerry) in exchangefor
somegoods(a car) – but differ in the perspective
they imposeon thescene.

Thesharedinferentialstructureof verbslike buy
andsellis capturedin FrameNetby theCOMMERCE

frame,which is associatedwith a setof situational
roles, or frame elements(FEs), correspondingto
event participantsand props. TheseFEsare used
as annotationtagsfor sentenceslike thosein (1),
yielding,for example:

(2) a. [Chuck]Buyer bought [a car]Goods

[from Jerry]Seller [for $1000]Payment.
b. [Jerry]Seller sold [a car]Goods

[to Chuck]Buyer [for $1000]Payment.

FE tagsactasa shorthandthatallows diverseverbs
to tapinto acommonsubsetof encyclopedicknowl-
edge.Moreover, regularitiesin thesetof FEsreal-
izedwith speci�c lexical itemscanbetakenascor-
relatedwith their favoredperspective.

A signi�cant gapremains,however, betweenthe
unstructuredandintuitively chosentagsetsusedin
FrameNetandaformalcharacterizationof theinter-
relatedactionsandrelationsholding amongthem.
Theexplicit representationof suchframesemantic
informationis neededfor FrameNet's potentialuse
in text understandingand inference(Fillmore and
Baker, 2001)to befully realized. In this paperwe
attemptto bridgethe gapby de�ning a formalism
thatunpackstheshorthandof framesinto structured
event representations.Thesedynamicrepresenta-
tionsallow annotatedFrameNetdatato parameter-
ize eventsimulations(Narayanan,1999b)thatpro-
duce�ne-grained,context-sensitive inferences.We
illustrateour formalismfor the COMMERCE frame
andshow how it canaccountfor someof thewide-
rangingconsequencesof perspective-taking.
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Figure1: Resultsof aqueryon theFrameNetCOMMERCE frame,showing annotateddatafor theverbbuy.

2 The FrameNetCOMMERCE frame

The FrameNetproject has thus far producedtwo
databases:a collectionof approximately80 frames
with frame descriptions,chosento cover a broad
rangeof semanticdomains;and a hand-annotated
datasetof about50,000sentencesfrom the British
NationalCorpus(Bakeretal.,1998).Thedatabases
documentbothsyntacticandsemanticbehavior of a
wide varietyof lexical items(or lemmas) andthus
have thepotentialto allow corpus-basedtechniques
to beappliedto semanticallyorientedtasks.2

The currentreleaseof the FrameNetdatabases3

de�nes a COMMERCE framewith frameelements
including the familiar Buyer, Seller, Payment and
Goods, alongwith severalotherFEsneededto cover
the data. The frameincludes10 verbsrelevant to
commercialtransactions,for a total of 575 anno-
tatedsentences.Figure1 shows a samplingof data
annotatedwith respectto theCOMMERCE frame.

The COMMERCE frame verbsexhibit relatively
greatervariety in argumentstructurepossibilities

2See(GildeaandJurafsky, 2000) for somepromisingini-
tial work in applying statisticaltechniquesto the FrameNet
databaseto automaticallylabelframeelements.

3Throughoutthepaperwereferto datafrom FrameNetI; an
interimreleaseof FrameNetII datais expectedsoon.

(e.g.,many but notall appearin theditransitivecon-
struction),andnotall of themlicensetheexpression
of all FEs(e.g.,spendrarelyappearswith theSeller).
Also, someFEs are realizedin different ways for
differentverbs:thepatternof appearancewith from-
or to- headedPPsdiffers for buy andsell, andfor-
headedPPsmay mark either the Payment (for buy
andsell) or theGoods (for pay).

Much of this diversityhasbeenattributedto dif-
ferencesin perspective, but the complex connec-
tionsamongperspective,argumentstructureandFE
realizationhave beendif�cult to explicate.Oneap-
proachis to distinguishtheCOMMERCE framefrom
other perspectivized framesexhibiting morecon-
sistentbehavior; proposalsalongtheselines differ
in their criteria for makingthesedivisionsandthe
relationshipsamongtheresultingframes.4

Our proposallikewise imposesadditionalstruc-
ture on the COMMERCE frame to re�ect both
perspective-neutral and perspectivized situations.
But for currentpurposes,we concentrateon cap-
turingperspectival effectson inferencein discourse

4FrameNet II is currently consideringa reorganization
schemealongtheselines.Gawron(ms.)andHudson(in press)
addresstheseandrelatedissues,botharguingagainsthandling
perspective solelywith multiple inheritance.
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interpretation. Our structuresare thus designed
to support dynamic inferencesabout interrelated
eventsandactions,andnotspeci�cally to re�ect FE
realizationpatterns.

We take the original COMMERCE frame as
our startingpoint andde�ne the interrelationships
presentamongits FEs;theresultingeventrepresen-
tationcanlicenseinferencesfor sentenceslikethose
in the annotatedFrameNetdata. We assumethat
any frame reorganizationscheme(as well as any
methodfor labelingrolesin novel text) will de�ne
a mappingto theoriginalFEsandthuscouldbein-
tegratedwith our dynamicrepresentationswithin a
largerlanguageunderstandingenterprise.

3 Structured event representations

In this section,we presenta formal speci�cation
usedfor mappingthe�at setof FEsin COMMERCE

ontoexplicitly structuredeventrepresentationsthat
characterizecommercialtransactions. Our repre-
sentationis basedon the EmbodiedConstruction
Grammar(ECG) formalism (Bergen and Chang,
2002).As in thatwork, weassumethatunderstand-
ing an utteranceinvolves the evocationof a com-
plex network of conceptualschemasandthemental
simulation of theseschemasin context to produce
a rich setof inferences.5

Among the featuresof theECGschemaformal-
ismthatweexploit to representcommercialtransac-
tionsare(1) theability to �e xibly evoke andrelate
multiple schemas;and(2) the ability to assertdy-
namicconditionsthatapplyto speci�c eventstages.
We rely heavily on thefact thatschemascanbein-
terde�ned in our eventualrepresentationof differ-
encesin perspective.

We brie�y describethe schemade�nition lan-
guageshown in Figure2, deferringadditionalde-
tails for the examples. Keywords are shown in
bold ; a left squarebracket([) marksoptionalblocks;
and curly braces(

�

� ) enclosea set of optionsfor
the statementsthat may appear(possiblymultiple
times) in the block. Angle brackets ( ��� ) denote
a referenceto an accessiblestructureor role, or

5ECG includes formalisms for both schema de®nitions
(conceptual representations)and construction de®nitions
(conventionalizedpairingsof form and meaning). Sincewe
focushereon translatingframesto conceptualrepresentations,
we referonly to (aversionof) theschemaformalism.

a predicateon accessiblestructures.6 Thekeyword
self refersto thestructurebeingde�ned, which we
canconsidera specialkind of role. We use`//' to
introduceitalicizedcomments.

schema � name �

�

subcase of � schema �

�

evokes
�

� schema � as � local-name �	�

roles
�

�

�


� local-role �

� local-role � : � restriction �

� local-role ������� role �

� local-role ������� role � : � restriction �

�

��

�

�

��

constraints�

� role ������� role �

� phase � :: � condition � �

Figure2: Schemade�nition formalism.

The �rst line namesthe schemabeing de�ned.
The next few lines (subcase of and evokes ) indi-
catehow this schemarelatesto otherschemas.The
subcaserelationde�nes a lattice of schemas,with
thelocalschemainheritingall rolesandconstraints.
Theevokesrelationalsomakesthespeci�edstruc-
tures and constraintsof the evoked schema(re-
ferredto within thecurrentde�nition usinga � local-

name � ) locally accessible,but it impliesneitherfull
inheritanceof the evoked schema's rolesnor con-
tainmentin eitherdirection.

The indentedblock labeledroles lists and con-
strainsthe schema's local roles, which are equiv-
alent to frameFEs. Rolesaredeclaredwith a lo-
calname( � local-role � ) andmaybeaccompaniedby
type restrictions(indicatedwith `:') and/oridenti-
�cation (or binding) constraints(` �! '). The lat-
ter(whichmayalsoappearin theconstraints block)
causesrolesandconstraintsto besharedbetweenits
arguments,similar to uni�cation or coindexation in
otherframeworks(PollardandSag,1994).

The�nal constrainttypeallowedis a simulation
constraint, which usesthe `::' notationto assert
thatsomeconditionmusthold(ornot)ataparticular
phaseof simulation(referredto as � phase � ). These
simulationphasescorrespondto event stagesand
serve as the bridging connectionto previous work

6Accessiblestructuresinclude locally declaredroles and
evoked or inheritedstructures,aswell asany structuresavail-
ablethroughtheir roles.Standardslot-chainnotationis usedto
referto roley of astructurex asx.y.
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on modelingevent structureand linguistic aspect
(Narayanan,1997; Changet al., 1998). An event
may be viewed as having complex internal struc-
ture,includingastartand�nish andaperiodduring
which it is ongoing;at a coarsergranularityit may
also be viewed as a discretetemporalchunk that
takesplacebetweentwo time slices. The schemas
de�ned below refer to thebefore, after and transition

phases.(SeeSection5 for moredetails.)Thenota-
tion � condition � speci�esa relationthatholdsor an
eventor actionthat takesplaceduringthespeci�ed
phase(seebelow).

Wenow show how theformalismjustde�nedcan
beusedto build upasetof progressively morecom-
plex schemas,culminatingin an Exchange schema
that providesmuchof the underlyingstructurewe
need to tackle the COMMERCE frame. For ex-
pository reasons,we omit details not relevant to
the example. The schemasin Figure 3, for ex-
ample,castthe relationsof possessionand causa-
tion asessentiallyunstructured.Eachschemais de-
claredasa subcaseof Relation (a generalframenot
shown here),relatingtwo entities(for thePossession

schema)or two events(for theCause-Effect schema).

schema Possession
subcase of Relation
roles

possessor : Entity
possesion : Entity

schema Cause-Effect
subcase of Relation
roles

cause : Event
effect : Event

Figure3: Relationalschemas.

schema Event
roles

before : Phase
transition : Phase
after : Phase
nucleus

constraints
transition ��� nucleus

schema Action
evokes Event as e
roles

actor : Entity
undergoer : Entity
self ��� e.nucleus

Figure4: TheEvent andAction schemas.

The schemasin Figure 4 de�ne basicdynamic
schematypesand thus pave the way for dynamic
constraintsto be speci�ed. The Event schemain-
cludesrolesthat refer to simulationphases,asde-

scribedabove, thusanchoringtheevent to thepas-
sageof time; its underspeci�ednucleus role is con-
strainedto hold or take placeduring the transition

phase.TheAction schemacorrespondsto aprototyp-
ical situationin which anactor entity affectsor ma-
nipulatesanundergoer entity.7 Thisschemais linked
to its backgroundedtemporalstructurethroughan
evoked Event. The explicit binding of self (the Ac-

tion de�ned) to the nucleus role of the Event serves
asthecruciallink betweeneventsandactions.This
link will beexploitedin Section4 to capturethere-
lation betweencommercialtransactioneventsand
its variousassociatedactions.

schema Receive
subcase of Action
evokes Possession as p
roles

receiver ��� actor ��� p.possessor
received ��� undergoer ��� p.possession

constraints
e.before ��� p.holds ��� false
e.before ��� p.holds ��� true

schema Transfer
subcase of Event
evokes Cause-Effect as c
roles

act-schema : Action
rec-schema : Receive
agent ��� act-schema.actor
source : Entity
theme ��� rec-schema.received
recipient ��� rec-schema.receiver

constraints
transition ��� act-schema
transition ��� rec-schema
c.cause ��� act-schema
c.effect ��� rec-schema

Figure5: TheReceive andTransfer schemas.

The relational and active schemasdescribed
above serve asbuilding blocks for the morecom-
plex schemasin Figure5. Wehavechosento de�ne
aReceive schema– foregroundinganactionde�ned
byachangeof possessionstate–andaTransfer event
– a neutralrenderingof an event in which oneen-
tity causesanotherto Receive something.Notethat
sinceEvent and Action are linked asshown in Fig-

7This de®nitionappliesto all schemasrelevant for our ex-
ample, thoughit might be more preciselycalled Transitive-
Action. Also, our role namescoincidewith thosein VanValin
(1993)andarelikewiseassociatedwith anarrayof prototypical
features.Wemake no theoreticalclaimsabouttheir grammati-
cal status,usingthemheresimplyassimulationparameters.
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ure 4, we could alsoeasilyde�ne an event-based,
perspective-neutralversionof Receive or anaction-
based,perspectivized versionof Transfer. The for-
malismis �e xible enoughto representany of these.

The Receive schemaassertsthat the evoked Pos-

session relationholds(or doesnot hold) at thesim-
ulation phasesspeci�ed, and it identi�es the local
receiver with both the actor (of the Action schema)
andthe possessor (of the Possession schema).The
Transfer schemais de�nedasaneventin whichsome
action (act-schema) causesa receiving action (rec-

schema). Note that theseactionsareconceptually
distinct from the nucleus role inheritedfrom Event,
althoughall areconstrainedto takeplaceduringthe
event's transition phase.TheTransfer schemaalsohas
anagent role that is constrainedto be thesameen-
tity asthe actor of the act-schema. Importantly, the
Transfer event schemamakesno commitmentasto
whetherits agent – the entity seenas causingthe
overall event– is thesource, recipient or even theme.
It is in this respectthat theTransfer schemade�ned
herecanbeconsideredneutralin perspective.

schema Exchange
subcase of Event
roles

participant1 : Human
participant2 : Human
entity1 : Entity
entity2 : Entity
transfer1 : Transfer
transfer2 : Transfer
agent : Entity

constraints
transition ��� transfer1
transition ��� transfer2
// Constraints on transfer1:
transfer1.source ��� participant1
transfer1.theme ��� entity1
transfer1.recipient ��� participant2
// Constraints on transfer2:
transfer2.source ��� participant2
transfer2.theme ��� entity2
transfer2.recipient ��� participant1

Figure6: TheExchange schema.
Finally, the representationalmachinerywe have

developedcanbeusedto de�ne anExchange schema
(Figure6),whichprovidesmostof therelevantcon-
straintsneededfor commercialtransactions.It re-
semblestheTransfer schemain structureandis sim-
ilarly perspective-neutral. It includestwo transfer
eventsthatoccurduringthe transition phaseandare
parameterizedstraightforwardly in the constraints

block by two humanparticipantsandtwo entities.
An additionalagent role is not boundto any partic-
ularentity, re�ecting theability of eitherparticipant
(or both)to beviewedasactive.

4 Commercial transaction schemas

We arenow in a positionto returnto thecommerce
domain and put our inventory of domain-general
event and action schemasto use. We �rst de�ne
theCommercial-Transaction (CT) schemaasasubcase
of theExchange schemawith appropriaterole iden-
ti�cations andan additionaltype restrictionon en-

tity1. The role namesin this schemadiffer slightly
from thosein FrameNet's COMMERCE, re�ecting
its perspective-neutralstatus. But given the obvi-
ousmappingto the FrameNetFEs,the CT schema
ful�lls partof ouroriginalobjective: basedonits in-
heritedandevokedschemasandconstraints,it con-
ciselyandpreciselystatestheconceptualunderpin-
ningsof thebasiccommercialtransaction,including
all entailmentsthatareperspective-neutral.

schema Commercial-Transaction
subcase of Exchange
roles

customer ��� participant1
vendor ��� participant2
money ��� entity1 : Money
goods ��� entity2
goods-transfer ��� transfer1
money-transfer ��� transfer2

Figure7: TheCommercial-Transaction schema.

The CT schemaprovides the underlying in-
frastructurefor specifyinghow variousassociated
schemashighlight different participantsand event
stages. As shown in Figure 8, we treat both Buy

and Sell as subcasesof Action that evoke the CT

schema.Both actionschemasidentify themselves
with the ct.nucleus role (inheritedfrom Event) and
arethus(separately)constrainedto take placedur-
ing theevokedCT's transition phase.They alsoboth
identify the undergoer with ct.goods, and the actor

with ct.agent. The schemasimposedifferentviews
onthesamesituationby virtueof asingleadditional
constrainton this latter role (which correspondsto
theactiveparticipantin theoverallCT), bindingit to
eitherthect.customer (Buy) or thect.vendor (Sell).

Pay also evokes the CT schemabut is directly
identi�ed with ct.money-transfer.nucleus; its actor is
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the ct.customer (as well as the agent of the money-

transfer). This de�nition allows paying to refer
speci�cally to a subpartof the overall commercial
transaction,suchthat its executiondoesnot neces-
sarilyentailtheexecutionof thegoods-transfer in the
event(i.e.,youdon't alwaysgetwhatyoupayfor).

schema Buy
subcase of Action
evokes Commercial-Transaction as ct
roles

self ��� ct.nucleus
buyer ��� actor ��� ct.customer ��� ct.agent
goods ��� undergoer ��� ct.goods

schema Sell
subcase of Action
evokes Commercial-Transaction as ct
roles

self ��� ct.nucleus
seller ��� actor ��� ct.vendor ��� ct.agent
goods ��� undergoer ��� ct.goods

schema Pay
subcase of Action
evokes Commercial-Transaction as ct
roles

self ��� ct.money-transfer.nucleus
payer ��� actor ��� ct.customer

��� ct.money-transfer.agent
payment ��� ct.money
payee ��� ct.vendor

Figure8: TheBuy, Sell andPay schemas.

Other schemasassociatedwith the CT schema
lend themselves to similar analyses,though they
draw on additionalschemasnot de�ned here. For
example,theSpend schemaevokesaschemafor re-
sourceconsumption(asin (Hudson,2002));Charge

involvesthevendor's communicationof thepriceto
thecustomer asa prequisiteto theoverall exchange
of goods and money. In general,the CT schema
explicitly speci�esthe internalevent structureof a
commercialtransactionbut remainsnoncommittal
aboutwhichof itsparticipantsis seenasactive. This
�e xibility in representationallows otherschemasto
effect the bindingsthat make appropriatecommit-
mentsonanindividualbasis.

5 Simulation semantics

The structuredevent formalismwe have described
allows us to translateFrameNetdescriptionsinto
a representationsuitablefor simulative inference.
Central to the representationis an event model

called executing schemas(or x-schemas), moti-
vatedby researchin bothsensorimotorcontroland
cognitive semantics(Narayanan,1997).X-schemas
are active structuresthat cleanly capturesequen-
tiality, concurrency and event-basedasynchronous
control. They thus provide a cognitively moti-
vatedbasisfor modelingdiverselinguisticphenom-
ena, including aspectualinference(Changet al.,
1998), metaphoricinference(Narayanan,1999a)
andevent-basedreasoningin narrative understand-
ing (Narayanan,1999b).

Themodelis basedon thePetrinet,which in its
basicform is a weighted,bipartitegraphconsisting
of places(shown ascircles)andtransitions(shown
asrectangles)connectedby directedinput andout-
put arcs(Murata,1989;Narayanan,1997). Places
maycontaintokens(i.e., they maybemarked), and
they typically representstates,resourcesor condi-
tions thatapply. Transitionstypically representac-
tions or events. X-schemasextendthe basicPetri
netto includetypedarcs,hierarchicalcontrol,dura-
tivetransitions,parameterization,typed(individual)
tokensandstochasticity.

The most relevant propertyof the x-schemafor
this paperis its well-speci�edexecutionsemantics:
a transitionis enabledwhenall its input placesare
marked,suchthatit can�r eby moving tokensfrom
input to outputplaces.Theactive executionseman-
tics servesasthe engineof context-sensitive infer-
encein thesimulation-basedmodelof languageun-
derstandingmentionedearlier.

The ECG formalism is designedto allow con-
straintson x-schemasimulation to be expressed.
In particular, the Event schemain Figure 4 has
roles that refer to event phases;thesecorrespond
to x-schemaplacesand transitions. Otherschema
rolesspecifyx-schemaparameters,which allow x-
schemasto give rise to different execution traces
throughthenetwork with differentparameters.

The Commercial-Transaction schemahasbeenim-
plementedin the KarmaSimx-schemasimulation
environment (Narayanan,1997); Figure 9 shows
part of the network. The phaseroles from the
schemasin Section3 have beenmappedonto the
�ne-grainedtemporalstructureof eachevent,corre-
spondingto thevariouscontrolnodesin thenetwork
(ready, ongoing, �nish , done, etc.);thetransition phase
referencedin theschemasincludesstart, ongoing and
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Figure9: KarmaSIMsimulationof theCommercial-Transaction schema.Thehighlightedexecutionis associ-
atedwith thePay schema,correspondingto themoney-transfer event.

�nish . As shown,executionof theoverallCT schema
comprisesthe executionof two subsidiaryevents,
thegoods-transfer andthemoney-transfer. Theseneed
not be synchronized,but both must completefor
theoverall commercialtransactionto complete(en-
forcedby the arcsfrom ongoing(money-transfer) and
ongoing(goods-transfer) to �nish(tr ansfers)).

Thehighlightedmoney-transfer portionof thenet-
work correspondsto asimulationof thePay schema.
Thetokenin ongoing(ct) showsthatthereis anongo-
ing transaction,but the �nish(tr ansfers) transitionis
not enabled. Technically, the done(ct) placeis not
reachable(absentotherinformation),sincethesim-
ulationof Pay doesnot provide directevidencefor
theoccurrenceof a goods-transfer.8 In contrast,both
Buy and Sell involve simulatingthe entire transac-
tion, includeboth transfersaswell as the done(ct)

node. (Figure9 canbeconsideredanexpansionof
theCT schema's transition phase.)

What aboutthe perspectival differencebetween
Buy andSell? The simplestsimulative counterpart
of perspective is the speci�cationof differing actor

participants. The actor is de�ned assupplyingto-
kensneededfor simulation(not shown in the �g-
ure), which could be interpretedas providing the
energy, initiative or controlfor theevent.

Capturingtheforegroundingeffectof perspective

8Contextual or backgroundknowledgecould provide evi-
dencefor theothertransferor allow it to beinferredby default.

is morechallenging,andwill requireanaccountof
linguistic focus. Suchan accountremainsa topic
of ongoingresearch;a preliminarysuggestionis to
allow simulationof different partsof the event at
varyingdegreesof detail. For example,thesimula-
tion for Buy mayexecutethex-schemasin whichthe
Buyer interactswith the Goods – suchasthe goods-

transfer andits resultingpossession(abbreviatedas
has(Chuck, car) in Figure9) – at the default granu-
larity, while otherx-schemasarecollapsedinto less
detailedsimulations.

Althougha detailedtreatmentof this topic is be-
yond thescopeof this paper, theseproposalsillus-
tratehow simulationsemanticscanoffer elegantso-
lutions to classicrepresentationalproblems,or at
least facilitate the articulationof factorsaffecting
languageunderstanding.

6 Discussionand conclusions

Framesemanticsin generaland FrameNetin par-
ticular show considerablepromisefor usein deep
semanticanalysis.FrameNetframesareintendedto
capturecrucialgeneralizationsnotavailablein other
lexical resources.WordNet(Fellebaum,1998),for
example,includesonly simpletaxonomicrelations
(buyandsellarelistedashyponymsof getandgive,
respectively, andasantonyms of eachother). The
PropBankproject (Kingsbury and Palmer, 2002)
is, like FrameNet,gearedtoward the creationof a
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semanticallyannotatedcorpus(by addinggeneral
logical predicatesto the PennTreebank),though
without any commonbackgroundframestructures
acrosslexical items.

While framesandFE tagsaremeaningfulto hu-
maninterpreters,they arenotyetsuitablefor usein
NLU. In this paperwe have shown how FrameNet
tagscanbepreciselyde�ned in termsof structured
eventrepresentations,whichcansupportparameter-
ize simulationsthat licenseactive inferences.The
formalismappearsexpressive enoughfor theCOM-
MERCE frame and its associatedperspectival ef-
fects,andwebelieve themethodswehaveusedwill
scalewell for otherrepresentationalproblems.

Work underway suggeststhat our schemas,to-
gether with formalisms developed for linguistic
constructions,canbeextendedto accountfor some
of the linguistic patternsassociatedwith commer-
cial transactions.For example,a countertheme argu-
mentcouldbeaddedto eachschemain Figure8 and
boundto thePayment for Buy andSell andtheGoods

for Pay. A constructionassociatingfor-PPswith this
role could have variableinterpretation(relative to
theoverall CT) for therelevantverbs.Relatedwork
would show how the model could addressmore
challengingperspective-relatedphenomena,includ-
ing referenceresolution(e.g.,thediffering interpre-
tationof He in Chuck boughta car fromJerry. He
got a 10% discount/?commission) andword sense
disambiguation(e.g.,whethernew in Chuck bought
a new car from Jerry refersto a car thathasnever
beenownedbeforeor to onethathasnotpreviously
beenownedby Chuck).

Futurework involves extendingthe representa-
tion to cover a broadersubsetof the FrameNet
databaseand automatingthe processof mapping
frame de�nitions to simulationparameterizations.
Theresultingrepresentationsshouldbeusefulfor a
varietyof NLP applications,includingquestionan-
sweringandinformationextraction.
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