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Abstract

This paper attemptsto bridge the gap between
FrameNetframesand inference. We describea
computationatlormalismthatcapturestructurake-

lationshipsamong participantsin a dynamic sce-
nario. This representatiors usedto describethe
internal structureof FrameNetframesin terms of

parameterfor eventsimulations We applyour for-

malismto the commercedomainandshav how it

providesa e xible meansf accountingor linguis-
tic perspectie andotherinferentialeffects.

1 Intr oduction

FrameNet(Fillmore et al., 2001) is an online lex-
ical resourcé designedaccordingto the principles
of framesemanticgFillmore, 1985;Petruck,1996).
It thustakes as foundationalthe assumptionghat
(2) lexical itemsdraw onrich conceptuastructures,
or frames, for their meaningandfunction; and(2)
conceptuallyrelatedlexical items may foreground
different aspectsof the samebackgroundframe.
Verbs involved with commercialevents sene as
canonicakxamples:

(1) a. Chuckboughta carfrom Jerryfor $1000.
b. Jerrysoldacarto Chuckfor $1000.
c. ChuckpaidJerry$1000for acar
d. JerrychagedChuck$1000for a car
e. Chuckspent$1000onacatr

The sentencem (1) might describethe sameinter
action— in which oneindividual (Chuck)transfers
mong ($1000)to another(Jerry)in exchangefor
somegoods(a car) — but differ in the perspective
they imposeonthescene.

The sharednferentialstructureof verbslike buy
andsellis capturedn FrameNeby the COMMERCE
frame,which is associatedvith a setof situational

http://www.icsi.berkeley.edu/framenet/
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roles, or frame elements(FES), correspondingo
eventparticipantandprops.TheseFEsareusedto
annotatesentencebke thosein (1), yielding:

(2) a. [ChuckPYe" bought [a car[®°0ds
[from JerryPeller [for $1000fayment,

b. [JerryPeller sold[a carfc0ds
[to ChuckPuYer [for $1000fayment,

FE tagsactasa shorthandhatallows diverseverbs
to tapinto acommonsubsebf eng/clopedicknowl-
edge. Moreover, regularitiesin the setof FEsreal-
izedwith speci c lexical itemscanbetakenascor
relatedwith their favoredperspectie.

A signi cant gapremains however, betweerthe
unstructuredandintuitively chosertag setsusedin
FrameNetndaformalcharacterizatioof theinter
relatedactionsandrelationsholding amongthem.
An explicit representatiomf suchframe-semantic
informationis neededto fully realize FrameNes
potential use in text understandingand inference
(Fillmore and Baker, 2001). In this paperwe at-
temptto bridge the gap by de ning a formalism
thatunpackgsheshorthanaf framesinto structured
event representations.Thesedynamicrepresenta-
tions allow annotated-rameNetatato parameter
ize event simulations(Narayanan1999b)that pro-
duce ne-grained,contet-sensitve inferencesWe
illustrate our formalismfor the CoMmMERCE frame
andshav how it canaccountor someof thewide-
rangingconsequenced perspectie-taking.

2 The FrameNet COMMERCE frame

The FrameNetproject has thus far producedtwo
databasesa collectionof approximately80 frames
with frame descriptions,chosento cover a broad
rangeof semanticdomains;and a hand-annotated
datasebf about50,000sentence$rom the British
NationalCorpus(Bakeretal.,1998). Thedatabases
documenbothsyntacticandsemantidehaior of a
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Figurel: Resultsof aqueryonthe FrameNelCoMMERCE frame,shaving annotatediatafor theverbbuy.

wide variety of lexical items(or lemmag andthus
have the potentialto allow corpus-basetechniques
to be appliedto semanticallyorientedtasks?

The currentreleaseof the FrameNetdatabasé's
de nes a CoMMERCE frame with frame elements
including the familiar Buyer, Seller, Payment and
Goods, along with several other FEs neededto
coverthedata.TheframeincludeslOverbsrelevant
to commerciatransactionsfor atotal of 575anno-
tatedsentencesFigurel shavs a samplingof data
annotatedvith respecto the COMMERCE frame.

Considerableesearchhas beendevoted to ex-
plicating the connectionsamongframes, perspec-
tive, andagumentstructure;seeGavron (ms.) and
Hudson(2002). But therehasbeenrelatively less
work thataddressemferentialissuegelatedto per
spectve. The COMMERCE frame, for example,is
implicitly associateavith a comple, dynamicnet-
work of interrelatedavents actionsandparticipants.
Ourproposais thatperspectial effectsmaybebest
understoodn termsof subtleinferentialeffectson
interpretatiodicensedby this network.

Ourtask,then,isto makethisinferentialstructure

2See(Gildeaand Jurafsly, 2000) for somepromisingini-
tial work in applying statisticaltechniquesto the FrameNet
databas¢o automaticallylabelframeelements.

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

explicit. We take the original COMMERCE frame
as our starting point and de ne the interrelation-
shipspreseniamongits FEs. The additionalstruc-
ture we imposeon the CoMmMERCE frame allows
us to distinguisha perspective-neut description
of acommerciatransactiorfrom the perspectivized
situationsdescribedby particularverbs. The re-
sulting event representatioigan be integratedwith
a simulation-baseéhferenceengineto accountfor
differencesin the interpretationof sentencedike
thosein theannotated-rameNetata.

3 Structured eventrepresentations

In this section,we presenta formal speci cation
used for mappingthe at set of FEsin CoMm-
MERCE onto explicitly structuredeventrepresenta-
tions basedon the EmbodiedConstructionGram-
mar (ECG) formalism. ECG is a constraint-
basedformalismsimilar in mary respectgo other
uni cation-based linguistic formalisms, such as
HPSG (Pollard and Sag, 1994)% It differs from
otherlingustically motivatedproposalsn thatit is

4ECG includesformalismsfor both schemas(conceptual
representationggndconstructions (corventionalizedpairings
of form andmeaning)describedn (BergenandChang,2002).
We refer hereonly to the schemaformalismin a simpli®ed
form. See(Changet al., 2002) for a more completeversion
that hasbeenextendedto accommodatadditional cognitive
linguistic primitives.



designedto supporta model of languageunder
standingin which utterancesvoke a comple net-
work of conceptuakchemaghatarethenmentally
simulatedin contet to producea rich setof infer-
ences.lt is thusideally suitedfor our currentgoal
of translatingframesto conceptuatepresentations.
Figure 2 presentsthe ECG schemade nition
language. The indentedblock labeledroles lists
and constrainghe schemas local roles which are
eguivalentto features(or in this case frameFES).
Rolesaredeclaredwvith alocal name(local-role) and
maybeaccompaniedy typerestrictiongindicated
with ;). ldenti cation (orbinding)constraintgin-
dicatedwith ° Y may appeaiin eithertheroles
or theconstraints block; thesecauserolesandcon-
straintsto be sharedetweenits agumentssimilar
to uni cation or coindexation® The subcaserela-
tion de nes a schemanheritancelattice, with the
local schemanheritingall 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
areshavn in bold ; a left squarebraclet ([) marks
optionalblocks;andcurly braceq ) encloseaset
of optionalstatementsSeetext for details.

Theformalismalsohasseveralnovel featureghat
wewill exploit in representingommerciatransac-
tions. The mostimportantof theseare: (1) the abil-
ity to exibly evoke and relate multiple schemas,
duemainly to the evokesrelation;and(2) the abil-
ity to assertdynamicconditionsthat apply to spe-
ci ¢ event stages,throughthe use of simulation
constraints We will describesachof thesebrie y,
deferringdetailsto the exampleschemadelow.

Schemadisted in the evokes block areinstanti-
atedlocally (aslocal-name), but the relationshipbe-

SConstraintamay refer to locally declaredroles, inherited
roles, and evoked schemas,as well as ary 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
the evoked schemas rolesor containmentn either
direction. In somecases the evoked schemacor
respondgo a subpartof the evoking schemaalter
natively, the evoked schemamay sene asa back-
groundschemaagainstwhich the evoking schema
is de ned. We will seeexamplesof eachbelow.

Simulationconstraintsisethe *::' notationto as-
sertsomecondition on a particularphase of simula-
tion — eitherarelationthatmusthold or aneventor
actionthatmusttake placeduringthatphase Simu-
lation phasegorrespondo eventstagesthesecon-
straintssene asthebridgingconnectiorto previous
work on modelingeventstructureandlinguistic as-
pectusingactive representation@Narayananl1997;
Changetal., 1998).

We now shav how the ECG formalism can be
usedto de ne morecomplex schemaghat provide
theunderlyingstructurewe needo tacklethe Com-
MERCE frame;the key schemagor the currentdis-
cussiorareshown in Figure3.°

TheEvent schemas of primaryimportanceit ap-
pearddirectly or indirectly in therestof theschema
de nitions, andit sernesasthecruciallink to simu-
lation. Thede nition given hereis notintendedto
capturethe full compleity of the mostgeneralized
event, which may have complec internal structure
(startand nish subeents, ongoing period, etc.).
At a coarsergranularity however, it may also be
viewedasadiscretaemporalchunkthattakesplace
betweenwo time slices. The schemaasshawn re-
ects this coarseview, which is sufcient for cur
rent purposes:its roles include before, after, and
transition, all referring to simulation phases. An-
otherrole, the nucleus, is constrainednly to hold
or take placeduring the transition phase. Together
theserolesanchorthe eventto the passagef time.

Theotherschemasiremorecomple. TheTrans-
fer schemaorrespondto aneventin whichanagent
causesa theme to be transferredfrom the source
to the recipient. It is de ned asevoking two other
schemasanAction schemgwith anactor role) anda
Receive schemdin which areceiver comesnto pos-
sessiorof thereceived entity). (Thesearenotshavn,
nor is the causalrelationbetweernthem.) Note that
both act andrec are conceptuallydistinct from the

8Someschemade®nitionshave beenomitted or simpli®ed
to consere spacerelevantdetailsarementionedn thetext.



schema Exchange
subcase of Event

schema Transfer
subcase of Event
evokes

. entityl : Entit
schema Event Action as act iy : y
. entity2 : Entity
roles Receive as rec -
. transferl : Transfer
before : Phase roles :
o transfer2 : Transfer
transition : Phase agent act.actor agent : Entit
after : Phase source : Entity gent - y
. constraints
nucleus theme rec.received "
- . . transition  transferl
constraints recipient rec.receiver transition  transfer?
transition  nucleus constrr?u_nts transferl.source participantl
transition  act .
. transferl.theme entityl
transition  rec transferl.recipient articipant2
after has(recipient,theme) -recip P P

roles
participantl : Human
participant2 : Human

transfer2.source participant2

transfer2.theme
transfer2.recipient

entity2
participantl

Figure3: TheEvent, Transfer andExchange schemas.

nucleus role inheritedfrom Event, althoughall are
constrainedo take placeduring the event's transi-
tion phase. The agent role is constrainedo be the
sameentity as the actor of act. Importantly the
Transfer event schemamakes no commitmentasto
whetherits agent — the entity seenas causingthe
overall event— is the source, recipient or eventheme.
It is in this respectthat the Transfer schemacanbe
consideredheutralin perspectie.

TheExchange schemas structurallysimilarto the
Transfer schemaand provides mostof the relevant
constraintneededor commercialtransactions.It
includestwo transfereventsthat occur during the
transition phaseand are parameterizedtraightfor
wardly in the constraintsblock by two humanpar
ticipantsandtwo entities. An additionalagent role
is not boundto ary particularentity; this schema
is thusalsoperspectie-neutral sinceeitherpartici-
pant(or both) mightbeviewedasactive.

4 Commercial transaction schemas

We arenow in a positionto returnto the commerce
domain and put our inventory of domain-general
schemadgo use. We rst de ne the Commercial-
Transaction (CT) schemaas a subcaseof the Ex-
change schemawith appropriateole identi cations
andanadditionaltyperestrictiononentityl. Therole
namesin this schemadiffer slightly from thosein
FrameNet COMMERCE, re ecting its perspectie-
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

preciselystateghe conceptualinderpinning®f the
basiccommerciatransaction.

schema Commercial-Transaction
subcase of Exchange

roles
customer participantl
vendor participant2
money entityl : Money
goods entity2
goods-transfer transferl
money-transfer transfer2

Figure4: The Commercial-Transaction sSchema.

The cT schemaprovides the underlying in-
frastructureagainstwhich various perspectiized
schemaganbede ned. As shawn in Figure5, we
treatBuy, Sell andPay asschemashatevoke theCT
schemandidentify their roleswith speci c partic-
ipantsand event stagesof the evoked CT schema.
Notetheuseof the keyword self (whichwe treatas
a specialkind of role) to referto the schemabeing
de ned: Buy andsell schemagachidentify self with
thect.nucleus role (thatis, the nucleusof its evoked
commerciatransaction)andis thusconstrainedo
take placeduring the evoked CT's transition phase.
In contrastsincepPay identi es itself with ct.money-
transfer.nucleus, it refersspeci cally to a subpartof
theoverall commerciatransactionsuchthatits ex-
ecutiondoesnot necessarilyentail the executionof
thegoods-transfer in theevent(i.e.,youdont always
getwhatyou payfor).

The three schemasalso differ in their partici-
pantrole bindings: all are de ned as subcase®f



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 shawvn), which correspondso
a prototypicalsituationin which an actor entity af-
fects or manipulatesan undergoer entity The Buy
and sell schemadsoth identify the undergoer with
ct.goods, and the actor with ct.agent. But the two
schemasmposedifferentviews on the samesitu-
ation by virtue of a singleadditionalconstrainton
thislatterrole (which correspondso the active par
ticipantin the overall CcT), binding it to eitherthe
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 themseles to similar analysesthough they
drav on additionalschemasot de ned here. For
example the spend schemavokesa schemdor re-
sourceconsumptior(asin (Hudson,2002));Charge
involves the vendor's communicationof the price
to the customer as a prerequisiteto the overall ex-
changeof goods and money. In general,the CT
schemaexplicitly speci estheinternaleventstruc-
ture of a commercialtransactiorbut remainsnon-
committalaboutwhich of its participantds seenas
active. This e xibility in representatioallows other
schemaso effect the bindingsthat malke appropri-
atecommitmenton anindividual basis.

5 Simulation semantics

The structuredevent formalismwe have described
allows us to translateFrameNetdescriptionsinto
a representatiorsuitablefor simulative inference.
Central to the representatioris an event model
called executing schemas(or x-schema}, moti-
vatedby researchin both sensorimotocontroland
cognitive semantic§Narayanan]1997).X-schemas
are active structuresthat cleanly capturesequen-
tiality, concurreng and event-basedasynchronous
control. They thus provide a cognitvely moti-
vatedbasisfor modelingdiverselinguistic phenom-
ena, including aspectualinference(Changet al.,
1998), metaphoricinference (Narayanan,1999a)
andevent-basedeasoningn narratve understand-
ing (Narayanan1999b).In this paperwe focuson
theproblemof frame-baseihferenceandtheatten-
dentproblemof modelingperspectivalefects

The eventmodelis basedon the Petrinet, which
in its basic form is a weighted, bipartite graph
consistingof places(shavn ascircles)andtransi-
tions (shawn asrectanglestonnectedoy directed
input and output arcs (Murata, 1989; Narayanan,
1997). Placesmay containtokens(i.e., they may
be marlked), andthey typically represenstatesye-
sourcesor conditionsthat apply Transitionstypi-
cally represenactionsor events.X-schemagxtend
the basicPetrinetto includetypedarcs,hierarchi-
cal control, duratve transitions,parameterization,
typed(individual) tokensandstochasticity

The mostrelevant propertyof the x-scheméafor
this paperis its well-speci ed executionsemantics:
atransitionis enabledwhenall its input placesare
marked,suchthatit can r e by moving tokensfrom
inputto outputplaces.Theactive executionseman-
tics senesasthe engineof contet-sensitve infer-
encein thesimulation-basechodelof languagaun-
derstandingnentionecearlier

The ECG formalismis designedto allow con-
straintson x-schemasimulationto be expressed.
In particular the Event schemain Figure 3 has
roles that refer to event phases;thesecorrespond
to x-schemaplacesandtransitions. Other schema
rolesspecifyx-schemgparameterswhich allow x-
schemado give rise to different executiontraces
throughthe network with differentparameters.

The Commercial-Transaction schemahasbeenim-
plementedn the KarmaSIM x-schemasimulation
ervironment (Narayanan,1997); Figure 6 shavs
part of the network. The phaseroles from the
schemasn Section3 have beenmappedonto the



Figure6: KarmaSIMsimulationof the Commercial-Transaction schemaThe highlightedexecutionis associ-
atedwith thepPay schemagcorrespondingo the money-transfer event.

ne-grained temporalstructureof eachevent, cor
respondingo the variouscontrol nodesin the net-
work (ready, ongoing, nish, done, etc.); the transi-
tion phaseaeferencedn the schemass expandedas
thestart, ongoing and nish nodes.As shavn, execu-
tion of the overall CT schemacompriseghe execu-
tion of two subsidiaryevents,the goods-transfer and
themoney-transfer. Theseneednot be synchronized,
but both mustcompletefor the overall commercial
transactiorto complete(enforcedby the arcsfrom
ongoing(money-transfer) andongoing(goods-transfer) to
nish(tr ansfers)). All the frame-basednferencesf
thecT frame(e.qg.,the seller(buyer) hasthe goods
(mong) until the goods-transfer (money-transfer) is
completed,and the seller (buyer) has the moneg
(goods)when the money-transfer (goods-transfer) is
completedtomefrom simulatingthe CT frame.

In the simulationframework, perspectial effects
comein at leastthree avors. First, the frameel-
ementbinding patternsmay differ amongperspec-
tives, asillustratedby Figure5, in which the lexi-
calitembuy 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-baseproposalsthat ex-
plicitly representhe binding constraintdor differ-
entframeelemenbinding patterns.

Second,some perspecties specify the speci c
subeents (or collection of sub&ents)to simulate
while others require simulating the entire event
frame. An exampleof this is shavn in Figure6,

wherethe highlightedmoney-transfer portion of the
network correspondgo a simulation of the Pay

schemaThetokenin ongoing(ct) shavs thatthereis
anongoingtransactionput the nish(tr ansfers) tran-
sitionis notenabled.Technically the done(ct) place
is not readable (absentother information), since
the simulationof Pay doesnot provide direct evi-

denceor theoccurrencef agoods-transfer.’ In con-
trast, both Buy and sell involve simulatingthe en-
tire transactionincludebothtransfersaswell asthe
done(ct) node.(Thus,theentirenetwork in Figure6
canbe consideredn expansionof the CT schemas
transition phase.)

A third, more subtleaspectof perspectie is re-
lated to the problemof linguistic focus. The per
spectval differencebetweenBuy and Sell, for in-
stance|s only partially capturedby their different
FE bindingsto the cT frame. Anotherdifference
stemsfrom the foregroundingof speci c relations:
buy foregroundsthe interactionbetweenthe Buyer
andtheGoods (includingthe eventualpossessionf
theGoods), while sell foregroundgheinteractiornbe-
tweenthe Seller andthe Goods. Work in progress
suggestshatmary foregroundingcasesanbehan-
dled by simulating different parts of the event at
varying degreesof detail. For example,the simu-
lation for Buy couldexecutex-schemag whichthe
Buyer interactswith the Goods — suchasthe goods-
transfer andits resultingpossessioffabbreiated as
has(Chuck, car) in Figure 6) — at the default granu-

"Contextual or backgroundknawledge could provide evi-
dencefor theothertransferor allow it to beinferredby default.



larity, while otherx-schemasrecollapsednto less
detailedsimulations.(See(Narayanan1997)for a
detailedmodel of simulationat multiple levels of
granularity) While themodelis ableto handlesome
of theissuegertainingto foregroundingandfocus,
afull accountremainsatopic of ongoingresearch.

6 Discussionand conclusions

FrameNeshavs considerabl@romisefor enabling
qualitatve breakthrough®n NLP applicationsre-
quiring increasedsemanticand pragmaticsophis-
tication, including information extraction, word-
sense disambiguation, and question answering.
FrameNetframesare intendedto capturecrucial
generalizationsnot available in other lexical re-
sourcesWordNet(Fellebaum,1998),for example,
includesonly simpletaxonomicrelations(buy and
sell arelistedashyporyms of get andgive, respec-
tively, and as antoryms of eachother). The Prop-
Bank project(Kingskury andPalmer 2002)is, like
FrameNetgearedioward the creationof a seman-
tically annotatedtorpus(by addinggenerallogical
predicatego the PennTreebank),thoughwithout
ary commonbackgroundframe structuresacross
lexical items.

While framesand FE tagsare meaningfulto hu-
man interpretersthey are not yet suitablefor use
in naturallanguageunderstanding. In this paper
we have shavn hov FrameNettags can be pre-
cisely de ned in termsof structuredevent repre-
sentationsyhich cansupportparameterizedimu-
lationsthat licenseactie inferences. The formal-
ism appearexpressie enoughfor the COMMERCE
frame,andusesmethod=f simulationsemantic$o
handleframe-basednferencesand associategher
spectval effects.

We arecurrentlyautomatinghe procesof map-
ping frame de nitions to simulationparameteriza-
tions and extendingthe representatioto cover the
entireFrameNell database.
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