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Abstract
This paper attemptsto bridge the gap between
FrameNetframesand inference. We describea
computationalformalismthatcapturesstructuralre-
lationshipsamongparticipantsin a dynamic sce-
nario. This representationis usedto describethe
internal structureof FrameNetframesin termsof
parametersfor eventsimulations.Weapplyour for-
malismto the commercedomainandshow how it
providesa �e xible meansof accountingfor linguis-
tic perspective andotherinferentialeffects.

1 Intr oduction
FrameNet(Fillmore et al., 2001) is an online lex-
ical resource1 designedaccordingto the principles
of framesemantics(Fillmore,1985;Petruck,1996).
It thus takes as foundationalthe assumptionsthat
(1) lexical itemsdraw onrich conceptualstructures,
or frames, for their meaningandfunction; and(2)
conceptuallyrelatedlexical itemsmay foreground
different aspectsof the samebackgroundframe.
Verbs involved with commercialevents serve as
canonicalexamples:

(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
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

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

roles, or frame elements(FEs), correspondingto
eventparticipantsandprops.TheseFEsareusedto
annotatesentenceslike thosein (1), yielding:

(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.
An explicit representationof suchframe-semantic
information is neededto fully realizeFrameNet's
potential use in text understandingand inference
(Fillmore andBaker, 2001). In this paperwe at-
tempt to bridge the gap by 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.

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
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Figure1: Resultsof aqueryon theFrameNetCOMMERCE frame,showing annotateddatafor theverbbuy.

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, along with several other FEs neededto
coverthedata.Theframeincludes10verbsrelevant
to commercialtransactions,for a totalof 575anno-
tatedsentences.Figure1 shows a samplingof data
annotatedwith respectto theCOMMERCE frame.

Considerableresearchhas beendevoted to ex-
plicating the connectionsamongframes,perspec-
tive,andargumentstructure;seeGawron (ms.) and
Hudson(2002). But therehasbeenrelatively less
work thataddressesinferentialissuesrelatedto per-
spective. The COMMERCE frame, for example,is
implicitly associatedwith a complex, dynamicnet-
workof interrelatedevents,actionsandparticipants.
Ourproposalis thatperspectival effectsmaybebest
understoodin termsof subtleinferentialeffectson
interpretationlicensedby thisnetwork.

Ourtask,then,is to makethisinferentialstructure

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

3We refer to datafrom FrameNetI; an interim releaseof
FrameNetII is expectedsoon.

explicit. We take the original COMMERCE frame
as our startingpoint and de�ne the interrelation-
shipspresentamongits FEs. Theadditionalstruc-
ture we imposeon the COMMERCE frame allows
us to distinguisha perspective-neutral description
of acommercialtransactionfrom theperspectivized
situationsdescribedby particular verbs. The re-
sulting event representationcanbe integratedwith
a simulation-basedinferenceengineto accountfor
differencesin the interpretationof sentenceslike
thosein theannotatedFrameNetdata.

3 Structured event representations
In this section,we presenta formal speci�cation
used for mapping the �at set of FEs in COM-
MERCE ontoexplicitly structuredevent representa-
tions basedon the EmbodiedConstructionGram-
mar (ECG) formalism. ECG is a constraint-
basedformalismsimilar in many respectsto other
uni�cation-based linguistic formalisms, such as
HPSG(Pollard and Sag,1994).4 It differs from
otherlingustically motivatedproposalsin that it is

4ECG includesformalismsfor both schemas(conceptual
representations)andconstructions(conventionalizedpairings
of form andmeaning),describedin (BergenandChang,2002).
We refer hereonly to the schemaformalism in a simpli®ed
form. See(Changet al., 2002) for a morecompleteversion
that hasbeenextendedto accommodateadditionalcognitive
linguisticprimitives.



designedto supporta model of languageunder-
standingin which utterancesevoke a complex net-
work of conceptualschemasthatarethenmentally
simulatedin context to producea rich setof infer-
ences.It is thusideally suitedfor our currentgoal
of translatingframesto conceptualrepresentations.

Figure 2 presentsthe ECG schemade�nition
language. The indentedblock labeled roles lists
andconstrainsthe schema's local roles, which are
equivalent to features(or in this case,frameFEs).
Rolesaredeclaredwith a localname(local-role) and
maybeaccompaniedby typerestrictions(indicated
with `:'). Identi�cation (orbinding)constraints(in-
dicatedwith ` ��� ') may appearin eitherthe roles
or theconstraints block; thesecauserolesandcon-
straintsto besharedbetweenits arguments,similar
to uni�cation or coindexation.5 The subcaserela-
tion de�nes a schemainheritancelattice, with the
localschemainheritingall rolesandconstraints.

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. Keywords
areshown in bold ; a left squarebracket ([) marks
optionalblocks;andcurly braces( ��� ) enclosea set
of optionalstatements.Seetext for details.

Theformalismalsohasseveralnovel featuresthat
wewill exploit in representingcommercialtransac-
tions.Themostimportantof theseare:(1) theabil-
ity to �e xibly evoke and relatemultiple schemas,
duemainly to theevokesrelation;and(2) theabil-
ity to assertdynamicconditionsthat apply to spe-
ci�c event stages,through the use of simulation
constraints. We will describeeachof thesebrie�y,
deferringdetailsto theexampleschemasbelow.

Schemaslisted in the evokes block are instanti-
atedlocally (aslocal-name), but therelationshipbe-

5Constraintsmay refer to locally declaredroles, inherited
roles, and evoked schemas,as well as any roles available
throughthesestructures.Standardslot-chainnotationis used
to referto roley of astructurex asx.y.

tweenthe de�ned schemaand the evoked schema
is underspeci�ed. This underspeci�cationallows
one schemato be de�ned in terms of another
schemawithout implying eitherfull inheritanceof
theevoked schema's rolesor containmentin either
direction. In somecases,the evoked schemacor-
respondsto a subpartof theevoking schema;alter-
natively, the evoked schemamay serve asa back-
groundschemaagainstwhich the evoking schema
is de�ned. Wewill seeexamplesof eachbelow.

Simulationconstraintsusethe`::' notationto as-
sertsomecondition on a particularphase of simula-
tion – eithera relationthatmustholdor aneventor
actionthatmusttakeplaceduringthatphase.Simu-
lationphasescorrespondto eventstages;thesecon-
straintsserveasthebridgingconnectionto previous
work on modelingeventstructureandlinguisticas-
pectusingactive representations(Narayanan,1997;
Changetal., 1998).

We now show how the ECG formalism can be
usedto de�ne morecomplex schemasthatprovide
theunderlyingstructureweneedto tackletheCOM-
MERCE frame;thekey schemasfor thecurrentdis-
cussionareshown in Figure3.6

TheEvent schemais of primaryimportance:it ap-
pearsdirectlyor indirectly in therestof theschema
de�nitions, andit servesasthecruciallink to simu-
lation. Thede�nition givenhereis not intendedto
capturethefull complexity of themostgeneralized
event, which may have complex internalstructure
(start and �nish subevents, ongoingperiod, etc.).
At a coarsergranularity, however, it may also be
viewedasadiscretetemporalchunkthattakesplace
betweentwo time slices.Theschemaasshown re-
�ects this coarserview, which is suf�cient for cur-
rent purposes: its roles include before, after, and
transition, all referring to simulationphases. An-
other role, the nucleus, is constrainedonly to hold
or take placeduring the transition phase. Together
theserolesanchortheeventto thepassageof time.

Theotherschemasaremorecomplex. TheTrans-
fer schemacorrespondsto aneventin whichanagent
causesa theme to be transferredfrom the source
to the recipient. It is de�ned asevoking two other
schemas:anAction schema(with anactor role)anda
Receive schema(in whicha receiver comesinto pos-
sessionof thereceived entity). (Thesearenotshown,
nor is thecausalrelationbetweenthem.) Note that
both act and rec areconceptuallydistinct from the

6Someschemade®nitionshave beenomittedor simpli®ed
to conserve space;relevantdetailsarementionedin thetext.



schema Event
roles

before : Phase
transition : Phase
after : Phase
nucleus

constraints
transition ��� nucleus

schema Transfer
subcase of Event
evokes

Action as act
Receive as rec

roles
agent �
� act.actor
source : Entity
theme �
� rec.received
recipient �
� rec.receiver

constraints
transition ��� act
transition ��� rec
after ��� has(recipient,theme)

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
transfer1.source �
� participant1
transfer1.theme �
� entity1
transfer1.recipient �
� participant2
transfer2.source �
� participant2
transfer2.theme �
� entity2
transfer2.recipient �
� participant1

Figure3: TheEvent, Transfer andExchange schemas.

nucleus role inheritedfrom Event, althoughall are
constrainedto take placeduring the event's transi-
tion phase.The agent role is constrainedto be the
sameentity as the actor of act. 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 the Transfer schemacanbe
consideredneutralin perspective.

TheExchange schemais structurallysimilarto the
Transfer schemaand provides most of the relevant
constraintsneededfor commercialtransactions.It
includestwo transfereventsthat occur during the
transition phaseand are parameterizedstraightfor-
wardly in the constraintsblock by two humanpar-
ticipantsandtwo entities. An additionalagent role
is not boundto any particularentity; this schema
is thusalsoperspective-neutral,sinceeitherpartici-
pant(or both)mightbeviewedasactive.

4 Commercial transaction schemas
We arenow in a positionto returnto thecommerce
domain and put our inventory of domain-general
schemasto use. We �rst de�ne the Commercial-
Transaction (CT) schemaas a subcaseof the Ex-
change schemawith appropriaterole identi�cations
andanadditionaltyperestrictiononentity1. Therole
namesin this schemadiffer slightly from thosein
FrameNet's COMMERCE, re�ecting its perspective-
neutralstatus. But given the obvious mappingto
the FrameNetFEs, the CT schemaful�lls part of
our original objective: basedon its inheritedand
evoked schemasand constraints,it conciselyand

preciselystatestheconceptualunderpinningsof the
basiccommercialtransaction.

schema Commercial-Transaction
subcase of Exchange
roles

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

Figure4: TheCommercial-Transaction schema.

The CT schemaprovides the underlying in-
frastructureagainstwhich various perspectivized
schemascanbede�ned. As shown in Figure5, we
treatBuy, Sell andPay asschemasthatevoke theCT
schemaandidentify their roleswith speci�c partic-
ipantsand event stagesof the evoked CT schema.
Notetheuseof thekeyword self (which we treatas
a specialkind of role) to refer to theschemabeing
de�ned: Buy andSell schemaseachidentify self with
thect.nucleus role (that is, thenucleusof its evoked
commercialtransaction),andis thusconstrainedto
take placeduring the evoked CT's transition phase.
In contrast,sincePay identi�es itself with ct.money-
transfer.nucleus, it refersspeci�cally to a subpartof
theoverall commercialtransaction,suchthatits ex-
ecutiondoesnot necessarilyentail theexecutionof
thegoods-transfer in theevent(i.e.,youdon't always
getwhatyoupayfor).

The three schemasalso differ in their partici-
pant role bindings: all are de�ned as subcasesof



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

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

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

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

schema Pay
subcase of Transitive-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

Figure5: TheBuy, Sell andPay schemas.

Transitive-Action (not shown), which correspondsto
a prototypicalsituationin which an actor entity af-
fects or manipulatesan undergoer entity. The Buy
and Sell schemasboth identify the undergoer with
ct.goods, and the actor with ct.agent. But the two
schemasimposedifferent views on the samesitu-
ation by virtue of a singleadditionalconstrainton
this latterrole (whichcorrespondsto theactive par-
ticipant in the overall CT), binding it to either the
ct.customer (Buy) or the ct.vendor (Sell). The bind-
ings in the Pay schemaassertthat its actor is the
ct.customer, aswell astheagent of themoney-transfer.

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
involves the vendor's communicationof the price
to the customer asa prerequisiteto the overall ex-
changeof goods and money. In general,the CT
schemaexplicitly speci�esthe internaleventstruc-
ture of a commercialtransactionbut remainsnon-
committalaboutwhich of its participantsis seenas
active. This�e xibility in representationallowsother
schemasto effect thebindingsthatmake appropri-
atecommitmentsonanindividualbasis.

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).In this paper, we focuson
theproblemof frame-basedinferenceandtheatten-
dentproblemof modelingperspectivaleffects.

Theeventmodelis basedon thePetrinet,which
in its basic form is a weighted, bipartite graph
consistingof places(shown ascircles)andtransi-
tions (shown as rectangles)connectedby directed
input and output arcs (Murata, 1989; Narayanan,
1997). Placesmay containtokens(i.e., they may
bemarked), andthey typically representstates,re-
sourcesor conditionsthat apply. Transitionstypi-
cally representactionsor events.X-schemasextend
the basicPetri net to includetypedarcs,hierarchi-
cal control, durative transitions,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 3 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 6 shows
part of the network. The phaseroles from the
schemasin Section3 have beenmappedonto the
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Figure6: KarmaSIMsimulationof theCommercial-Transaction schema.Thehighlightedexecutionis associ-
atedwith thePay schema,correspondingto themoney-transfer event.

�ne-grained temporalstructureof eachevent, cor-
respondingto the variouscontrolnodesin the net-
work (ready, ongoing, �nish , done, etc.); the transi-
tion phasereferencedin theschemasis expandedas
thestart, ongoing and�nish nodes.As shown, execu-
tion of theoverall CT schemacomprisestheexecu-
tion of two subsidiaryevents,thegoods-transfer and
themoney-transfer. Theseneednot besynchronized,
but bothmustcompletefor theoverall commercial
transactionto complete(enforcedby the arcsfrom
ongoing(money-transfer) andongoing(goods-transfer) to
�nish(tr ansfers)). All the frame-basedinferencesof
theCT frame(e.g.,theseller(buyer)hasthegoods
(money) until the goods-transfer (money-transfer) is
completed,and the seller (buyer) has the money
(goods)when the money-transfer (goods-transfer) is
completed)comefrom simulatingtheCT frame.

In thesimulationframework, perspectival effects
comein at leastthree�a vors. First, the frameel-
ementbinding patternsmaydiffer amongperspec-
tives,as illustratedby Figure5, in which the lexi-
cal itembuy identi�es theactor of thetransitive-action
with boththecustomer of theCT andtheagent of the
money-transfer. Thisissueof bindinghasbeenthefo-
cusof previouswork (seeSection2); our approach
is similar to construction-based proposalsthat ex-
plicitly representthebindingconstraintsfor differ-
entframeelementbindingpatterns.

Second,someperspectives specify the speci�c
subevents (or collection of subevents) to simulate
while others require simulating the entire event
frame. An exampleof this is shown in Figure 6,

wherethe highlightedmoney-transfer portion of the
network correspondsto a simulation of the Pay
schema.Thetokenin ongoing(ct) shows thatthereis
anongoingtransaction,but the �nish(tr ansfers) tran-
sition is not enabled.Technically, thedone(ct) place
is not reachable (absentother information), since
the simulationof Pay doesnot provide direct evi-
dencefor theoccurrenceof agoods-transfer.7 In con-
trast, both Buy and Sell involve simulatingthe en-
tire transaction,includebothtransfersaswell asthe
done(ct) node.(Thus,theentirenetwork in Figure6
canbeconsideredanexpansionof theCT schema's
transition phase.)

A third, moresubtleaspectof perspective is re-
lated to the problemof linguistic focus. The per-
spectival differencebetweenBuy and Sell, for in-
stance,is only partially capturedby their different
FE bindingsto the CT frame. Another difference
stemsfrom the foregroundingof speci�c relations:
buy foregroundsthe interactionbetweenthe Buyer
andtheGoods (includingtheeventualpossessionof
theGoods), whilesell foregroundstheinteractionbe-
tweenthe Seller and the Goods. Work in progress
suggeststhatmany foregroundingcasescanbehan-
dled by simulatingdifferent parts of the event at
varying degreesof detail. For example,the simu-
lationfor Buy couldexecutex-schemasin whichthe
Buyer interactswith the Goods – suchasthe goods-
transfer andits resultingpossession(abbreviatedas
has(Chuck, car) in Figure6) – at the default granu-

7Contextual or backgroundknowledgecould provide evi-
dencefor theothertransferor allow it to beinferredby default.



larity, while otherx-schemasarecollapsedinto less
detailedsimulations.(See(Narayanan,1997)for a
detailedmodel of simulationat multiple levels of
granularity.) While themodelisableto handlesome
of theissuespertainingto foregroundingandfocus,
a full accountremainsa topicof ongoingresearch.

6 Discussionand conclusions
FrameNetshows considerablepromisefor enabling
qualitative breakthroughson NLP applicationsre-
quiring increasedsemanticand pragmaticsophis-
tication, including information extraction, word-
sense disambiguation, and question answering.
FrameNetframesare intendedto capturecrucial
generalizationsnot available in other lexical re-
sources.WordNet(Fellebaum,1998),for example,
includesonly simpletaxonomicrelations(buy and
sell arelistedashyponymsof get andgive, respec-
tively, andasantonyms of eachother). The Prop-
Bankproject(Kingsbury andPalmer, 2002)is, like
FrameNet,gearedtoward the creationof a seman-
tically annotatedcorpus(by addinggenerallogical
predicatesto the PennTreebank),thoughwithout
any commonbackgroundframe structuresacross
lexical items.

While framesandFE tagsaremeaningfulto hu-
man interpreters,they are not yet suitablefor use
in natural languageunderstanding. In this paper
we have shown how FrameNettags can be pre-
cisely de�ned in termsof structuredevent repre-
sentations,which cansupportparameterizedsimu-
lations that licenseactive inferences.The formal-
ismappearsexpressive enoughfor theCOMMERCE
frame,andusesmethodsof simulationsemanticsto
handleframe-basedinferencesandassociatedper-
spectival effects.

We arecurrentlyautomatingtheprocessof map-
ping framede�nitions to simulationparameteriza-
tions andextendingthe representationto cover the
entireFrameNetII database.
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