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Abstract

The Berkeley FrameNet Project (Baker, Fillmore, &
Lowe 1998; Fillmore & Baker 2001) (URL: http://
framenet.icsi.bedey.edu/framenet)is creating an online
lexical resourcdor English,basedntheprinciplesof Frame
Semanticsand supportedby corpusevidence. A semantic
frame is ascript-like structureof inferenceswhich arelinked
tothemeaning®f linguisticunits(lexical items).Eachframe
identifiesa set of frame elements(FEs), which are frame-
specificsemantiaoles(participants props,phasef a state
of affairs). Our descriptionof eachlexical item identifies
the frameswhich underliea given meaningandthe waysin
which the FEsarerealizedin structuresheadedy the word.
TheFrameNetlatabaseocumentsherangeof semantiand
syntacticcombinatorypossibilities(valences)of eachword
in eachof its sensesthrough manualannotationof exam-
ple sentencesnd automaticsummarizatiorof the resulting
annotations. The FrameNetdatabases available in XML,
andcanbedisplayedandqueriedvia thewebandotherinter-
faces.The FrameNet datahasalsobeentranslatednto the
DAML+OIL extensionto XML andtheResourcéescription
Frameavork (RDF), which canrepresenbur ontologiesand
to make FrameNeinformationmachinereadableandunder
standable.We have developedan automatictranslatorfrom
FrameNetl datain XML to DAML+OIL; this paperreports
onour representatioof this datain DAML+OIL.

Intr oduction

It is generallyassumedhatthe goalsof computationalin-
guisticsandthoseof ordinarylinguistic analysisareunlikely
to coincidein theareaof lexicon building. Thefull rangeof
the knowledgespealershave aboutthe wordsin their lan-
guageappeargo be out of reachof practicalefforts to ac-
quire andorganizesuchknowledgefor efficientusein NLP
applications.

FrameNetasa computationalinguisticsproject,aimsat
a compromisebetweentwo extremes. At the oneendit is
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clearly possibleto do carefuland subtle conceptuaknaly-
sis of the itemsin a small lexicon designedfor restricted
purposesn a narrov domain,wherethe goal of achievzing
reliablelanguagainderstandingndaccuraténferencegen-
erationseemsattainable. At the otherend,onecanaim at
fairly superficialinformationretrieval or other NLP appli-
cationshy usingstatisticalmethodgor acquiringvery large
lexiconsor or by creatingclever programsor makingmax-
imal useof the information availablein machine-tractable
dictionaries.Thelattercontainlargeamountof dataandare
capableof yielding importantfactsnot anticipatedby their
compilers(Wilks, Slator & Guthrie 1996)but they arelim-
ited to whatsomebodybelievedwould berelevantto human
users.

The FrameNeteamarecorvincedthatat a certainlevel,
thedepthandsubtletyof carefullinguisticanalysiscanbeat-
tainedusingthewisely exploitedjudgmentf linguistically
trained researchersvho annotatesyntacticallysortedsen-
tence$ taken from a large naturallanguagecorpus. Some
of the information made available by such researchwill
be recordeddirectly by the annotators,and somewill be
derivable—partlymanually partly automatically—fromnthe
resultsof suchannotations.This processis very labor in-
tensie, but we arealsomoving toward a systemin which a
priori rulesareusedto pre-markmostof theframeelements,
andhumanscanapprove or disapproe of thesealgorithmic
assignments.

The FrameNetdatabaseow containsinformationabout
more than 4,000 lexical units (senseof words) basedon
the annotationof more than 100,000sentences.We want
to malke this informationavailablefor a wide rangeof uses,
from studentdrying to understandhow awordis usedin En-
glishto machinetranslationandinformationextractionpro-
grams.This papewill explainthetheorybehindFrameNet,
briefly discussthe annotationprocess,and then describe
how the FrameNetdatacan be representedn RDF, using
DAML+OIL, sothatit will becomea resourcefor the Se-
manticWeh

11t maybemisleadingo referto thisassimply “annotatingsen-
tences”: eachof the sentencess seenasa concordancdine illus-
tratinga context for a singleword, andthe annotationarelimited
to recordingtherelevantfeaturesof the contet of thatword.



Frame Semantics
Background

The basicassumptiorof FrameSemanticgFillmore 1976;
1977;Fillmore & Atkins 1992;Petruck1996)asit applies
to thedescriptiorof lexical meaningss thateachword (in a
givenmeaning)evokesa particularframeandpossiblypro-
files someelementor aspectof that frame? An “evoked”
frameis the structureof knowledgerequiredfor the under
standingof a givenlexical or phrasalitem; a “profiled” en-
tity is thecomponenbf aframethatintegratesdirectly into
the semanticstructureof the surroundingtext or sentence.
The framesin questioncan be simple—smallstatic scenes
or statesof affairs, simplepatternsof contrastyelationsbe-
tween entities and the roles they sene, or possibly quite
complex event types—whichwe can call scenarios—that
provide the backgroundor wordsthat profile one or more
of their phase®r participants.

For example,the word bartenderevokes a sceneof ser
vice in a settingwherealcoholic beveragesare consumed,
and profilesthe personwhoserole is to prepareand sene
thesebeveragesin asentencéik e Thebartenderasledfor
my ID, it is the individual who occupiesthat role that we
understandis makingthe requestandthe requesfor iden-
tification is to be understoodagainstthe setof assumptions
andpracticef thatframe.

Replacement:An Example Frame

FrameNehastried to concentraten frameswhich help ex-
plicatethe meaningsof groupsof words,ratherthanframes
that cover just oneword. Onesuchframeis the REPLACE-
MENT frame. An abstractescriptionof this framerequires
the positingof a PLACE (which canbe arole, a function, a
location, a job, a status,etc.),andtwo distinct entities (X
and X3) whosehistoriesinclude beingin this PLACE. We
canthenline up the separateiecesof the REPLACEMENT
Scenariasfollows:

Scenariol

Scenel. X, isatPlace.

Scene. Xg isnotatPlace.
Transitionl. X; movesaway from Place.
Transition2. X, movesto Place.

Scenes. X; isnotatPlace.

Scendl. Xq is atPlace.

Ordering Constraints

Constraint:  Scenel precededransitionl.
Constraint:  Scene2 precede§ransition2.
Constraint:  Transitionl precededransition2.
Constraint:  Transitionl precedesScenes.
Constraint:  Transition2 precedescenes.

This Scenariol is commonto (andis “inherited by”) two
other scenarioswhich add certainelaborations. The tem-
poral precedenceelationholding betweenTransition1 and
Transition2 is generalenoughto allow anything from im-

mediatereplacemenbdf X; by X5, asin the game“King-

of-the-Hill” (whereX, pushesX; off thehill) to atemporal
gapof considerabldength,aswhenthe role occupiedby a

2Theterm profile (usedhereasa verb)is borrovedfrom (Lan-
gacler1987),esp.pp. 183f.

retiredor deceasedompaly officerremainsunoccupiedor
mary years.

In termsof their separatéistorical associatiorwith the
Placein Scenaridl, we canreferto theentitiesX; andX5 as
theOld Themeandthe New Themerespectiely, or, simply,
Old and New. We referto suchnamesasoLD, NEwW, and
PLACE asframe elementsor FEs?

Now we canlook at someof the vocahulary thatfits the
descriptiorof this frame.

Limiting oursehes to the scenariojust sketched out
(which containsno suggestiorof ageng or causation)we
canseethatthe nounreplacemenhastwo uses:in oneof
its sensest can profile the whole event, aswith the com-
plex subjectNP in the sentencgSylvia’s replacementy
Adamon the committee]was a surpriseto everyone or it
canreferto (i.e., “profile”) only the NEw entity in thefinal
scene asidentifiedin the subjectof the sentencdSylvia's
replacementjurnedoutto becompletelyunpreparedfor the
job. TheverbreplacetemporallyprofilesTransition2, asin
AdamreplacedSylviaonthecommittee This meanghatif a
temporalqualificationis addedo this clauseg.g.lastweek
it identifiesthe time when Adam shoved up in the PLACE,
andthatdoesnot necessariljincludethe time when Sylvia
left it.

The expressionsve have examinedso far have only two
FEs,the NEw andthe OLD. With thesesentenceswve intend
only theinterpretatiorthat Adam cameto have the position
on the committeewhich Sylvia usedto have. But the verb
replaceactuallyhastwo morepossibleprofilings, fitting two
slightly different elaborationsof our initial scenario,both
involving an ageng that bringsaboutone or both of these
transitionsj.e. two typesof causative.

In the first (and more restricted)of theseelaborations,
thereis a new entity X3 that brings aboutTransition2 but
not Transitionl. Thus:

Scenario2

Scenel. X, is atPlace.

Scene?. X, is notat Place.
Transitionl. X; movesaway from Place.
Transition2. X, movesto Place.

Cause: X3 causedransition2.
Scenes3. X7 is notatPlace.

Scendd. X5 is atPlace.

In aninterpretatiorsupportedy this secondscenariothe
entity X3 (whichwe will referto asAGENT) canparticipate
in a profiling of the “Cause” clause,asin Lydia replaced
Sylvia (with Adam) on the committee In this use of re-
placeit is possiblethat the AGENT, Lydia, had nothingto

3TheFEsarein mary waysanalogouso the caserolesor the-

matic rolesof variousframevorks. For a smallnumberof frames,
the FEs could be labeledby familiar termsfrom suchtraditions,
like Agent, Theme, Instrument, etc., but we do not requireour

selvesto accommodateur FE labelsto suchlists in casesvhere
thereis no obviousfit. The FE namesare understoodn termsof

rolesin specificframesand do not needto be thoughtof as se-
lectedfrom arestricteduniversalset. Theselabelsarereusableto

be sure—whichis why we seekto includeasmary wordsaspos-
siblewithin individual frames—but our work canproceedvithout
decidingon aninitial completeinventorya priori.



do with Sylvia’'s move in Transitionl. Thatmay have hap-
penedyearsago. Giventhis secondscenariogventhougha
NP mentioningthe oLD is grammaticallyrequired, Sylvia
mightnotbeaparticipantin theprofiledeventatall. A tem-
poralqualifierwould only identify thetime of Transition2.

In Scenario3, the secondelaborationon the simple RE-
PLACEMENT frame,we have asituationin whichthe AGENT
is responsibldor bothof thetransitions.Thus:

Scenario3

Scenel. X, is atPlace.

Scene?. X, is notat Place.

Transitionl. X; movesaway from Place.
Transition2. X, movesto Place.

Cause: X3 causedransitionl & Transition2.
Scenes. X1 is notatPlace.

Scendd. X, is atPlace.

Ontheinterpretatiorof causatre replacein thisthird sce-
nario,we seelLydia asperformingthetwo-partactof (1) re-
moving Sylvia from the positionand(2) placingAdamin it
instead. As noted,the interpretationof temporalmodifiers
goesalongwith profiling: in Scenarid3, the sentence.ydia
replacedSylviawith Adamlast weekplacesbothtransitions
within the sameperiod.

Whetherthe existenceof two interpretationgorrespond-
ing to the two causatie scenariogequiresthe positing of
two sensedor replacemay be a problemfor theoriesof
polysemy but thereis no doubtof the differencein theim-
plications. If you aretold that you can be replaced you
have beenwarnedthat you might loseyour job: you could
becomeanunwilling participantin Transitionl1. Butif you
aretold thatyou cannever bereplaced or equivalentlythat
you areirreplaceable thenyou will be pleased:they will
never find anyonewho canfill your shoes.

Thereare mary otherwords that evoke one or more of
thesescenarios. The verbssucceedand supesedeare for
the mostpartlimited to Scenariol. The verb supplanthas
moreor lessthe samepossibilities,syntacticand semantic,
asreplacein all threescenarios.The verb substitutefits all
threescenariosbut hasa differentsyntaxandsubtly differ-
entsemantidmplications. In Scenariol, wherethe verbis
usedintransitively, the NEw substitutesor the oLD, differ-
ing from replacein requiring the oblique renderingof the
NEW with the prepositiorfor. In the causatie scenariosthe
two verbsexhibit analternationbetweendirectandoblique
objects,andadifferencen prepositiondor the oblique: the
AGENT substitutesthe NEw for theoLD, but the AGENT re-
places the oLD with the NEW.

Thewordsuccessois arelationalnounprofiling the NEw
in respecto the OLD, whereashenounpredecessoprofiles
theOLD in respecto theNEw, atatime periodattheendof
the transitions. The phrasalprepositioninsteadof alsofits
this frame: You can useraw sugarinsteadof refinedsugar
is a paraphrasef You can substituteraw sugarfor refined
sugar. The adjectve existingmarkssomethingasdestined
for replacementif you seea campusmapwith oneof the
buildings identified as the existing stadium you know that
this structureis destinedo bereplaced.Thetime adjectve
previous belongsto this frame. If you tell me aboutyour
former wife or your ex-wife, | will know that sheis some-

onewho wasoncemarriedto you; but if you speakof your
previouswife, | will alsoknow thatshehasin the meantime
beenreplaced.

Numerousnounsare understoodvith referenceo a spe-
cializationof thereplacementrame: crownprince, heir ap-
parent, standby undesstudy andso on. Thus, by defining
the REPLACEMENT frame, we are ableto conciselyrepre-
sentthe semantic®f atleasttwentylexical items,including
nounsyerbs,adjectvesanda preposition.

The FrameNetProcess

Thejob of FrameNefis to documenfrom attestednstances
of contemporaryEnglish the mannerin which frame ele-
ments(for given wordsin given meanings)are grammati-
cally instantiatedn Englishsentencesndto organizeand
exhibit theresultsof suchfindingsin a systematiovay. We
have seenfor example,thatin causatre usesof the words,
an expressionabout replacing NP with NP takes the di-
rectobjectasthe oLD andthe oblique objectasthe NEw,
whereasubstitutingNP for NP doest theotherwayaround.
A commitmento basingsuchgeneralizationsnattestations
from alarge corpus,however, hasrevealedthatin both UK
andUS English, the verb substitutealso participatesn the
valencepatternfoundwith replacei.e. we find examplesof
substitutingthe oL D with the NEw.

More specifically the actualwork of the FrameNetlex-
icographersis to recordthe variety of combinatorialpat-
ternsfound in the corpusfor eachword in the FrameNet
lexicon, to presenthe resultsasthe valencesof the words,
to createsoftware capableof deriving asmuchotherinfor-
mation aboutthe words as possible,from the annotations,
andto addmanuallyonly thatinformationwhich cannot—
or cannoteasily—bederived automaticallyfrom the corpus
or from the setof annotatedxamples.

The corpususedin FrameNetso far hasbeenthe British
National Corpus,morethan 100,000,00Gunningwords of
contemporanBritish English? In the currentphasewe are
beginning to incorporateinto our work the North Ameri-
cannewswire corporafrom the Linguistic DataConsortium
(http://www.ldc.upenn.edy)and eventually we hopeto be
ableto addthefull resource®f the AmericanNationalCor-
pus(http://www.cs.\assaedu/ ide/anc/).

Lexicographic Relevance

Thepartof FrameNetescriptionsoncernedvith the com-
bined semanticand syntacticvalenceof lexical items re-
quiresconsideratiorof both frame structureand syntactic
structure. Our objectie is to recordexactly how the lan-
guagerelatesframeelementdo thosesyntacticconstituents
that are syntacticallydependenbn the lexical items that
evoke theframe.

Clearinstance®f lexicographicallyrelevantpositionsare
thoseacceptedn narrov conceptionsof subcatgorization

40uruseof theBNC is by courtesyof Oxford University Press,
throughTimothy Benbav. The versionof the corpuswe usewas
tokenizedat Oxford,lemmatizecandPOS-taggeattheInstitut fir
MaschinelleSpracherarbeitungat the University of Stuttgart.In-
formationaboutthe BNC canbefoundat http://info.ox.ac.uk/bnc.



frames If the targetword is the verb demonstate andthe
sentences [The instructor] demonstated[the process][to
the students] the direct object of the verb (the proces} is
clearly relevant. Sincethe act of demonstratiorrequires
an audiencemostanalystswould include the to-phrase(to
the studentys In otherwords, a lexical descriptionof the
verb mustsay that the subjectand thesetwo syntacticpo-
sitionsfunctionin identifying frame elementghatare nec-
essarypartsof the conceptof the frame evoked by it. For
the deverbalnoundemonstation, clearly relevantpositions
for annotationwould be a precedingpossessie determiner
or following prepositionalcomplementsasin the NP [the
instructor’s] demonstation [of the process][to theclass]
An example of a contet providing information that
couldberelevantto completinginformationabouttheframe
evokedby a particularlexical item but whichis out of reach
of lexically determineaontetsis to beseerin thereference
to thestudentsandtheprocessn thefollowing sentenceThe
studentcomplainedhatthey couldnt really undestandthe
processwithouta demonstation. It is clearfrom a natural
interpretationof the sentenceas a whole that the audience
of thedemonstratiofis supposedo bethe studentsandthat
the processis what needsto be demonstratedbput suchin-
formationdoesnot comefrom noticing how the combina-
torial possibilitiesof thenoundemonstation arerealizedin
this sentenceThe procesf understandinghe sentenceas
a whole needsto call on somemeansof recognizingsuch
informationin the surroundingdiscourse But hereour lex-
icographictaskis morerestricted:to characterizehe com-
binatorialrequirementsindpossibilitiesthatarespecifically
associateavith individual wordsratherthanwith the possi-
bilities providedby thewhole grammarof thelanguageOn
lexicographicrelevance see(Fillmore & Atkins 1998).

RelationsbetweenFramesand FEs
Inheritance

We have mentionedone relation betweenframes, inheri-
tance withoutfully definingit. Frameinheritancds anIS-A
relation.If frameB inheritsfrom frameA, thenB elaborates
A, andis asubtypeof A. Furthermoreall theframeelements
of A areinheritedby B. They mayappeaiin B with exactly
thesamenamesandsemantidypes,or they maybesubtypes
(elaborationspf the FEsin A.

SinceFE namesarerelative to the framesin which they
occur, an FE called SPEAKER in B is distinctfrom an FE
calledSPEAKER in A, whetheror not B is anelaboratiorof
A, andwhetheror notits semantiaype s furtherrestricted
in B. However, it is customanyin FrameNeto userelatively
frame-specifimameswhenpossible. Wherewe do choose
the samenamefor FEsin two different frames,we have
somesort of semanticsimilarity in mind, but this mustul-
timately be madespecificthroughsemantictyping and FE
inheritance®

®Thereis a certainsimilarity - andcertainlya personal-history
connection betweerthe “caseframes”pluslinking rulesin Case
Grammar(Fillmore 1968)ontheonehandandthevalencepatterns
derived from the FrameNetannotation®n the other CaseGram-
marassumea fixedrelevant-across-the-boambllectionof under

The pictureis further complicatedby situationsof multi-
pleinheritancean FE in oneframemayinheritfrom FEsin
two parentframes,combiningtheir semanticsFor example,
the sentence. . Simpsonboldly accusedchim to his face of
treason.. belongsin the JUDGEMENT_COMMUNICATION
frame, which inherits from both JUDGEMENT and Com-
MUNICATION. Thus, Simpsonis both a JUDGE by virtue
of inheritancefrom JUDGEMENT anda SPEAKER by virtue
of inheritancefrom COMMUNICATION. Of treasonis the
REASON for the judgement,andto his faceis the MAN-
NER of speaking,both of which are FEsin the JUDGE-
MENT_COMMUNICATION frame.

Subframes

Theothertypeof relationbetweerframeswhichis currently
representeiéh the FN databasés betweera complec frame
andseveralsimplerframes(subframeg which constituteit.
We call this frame composition by which we meanthe sit-
uationin which a complex frameis madeup of partswhich
arealsoframes,aswith the scenariosnentionedearlierin
connectionwith the REPLACEMENT frame. This is true of
a large family of EXCHANGE frames,in which ownership
relationsin onestagearereversedn atransitionof transfer
ring ownership.Verbsincorporatingcausedventsalsohave
subframedor thecausingeventandthecausedventandare
thusfurtherinstance®f framecomposition.

Thestructureof framesandsubframegositedfor acom-
plete picture of the Criminal Processaswe will suggest,
canbe quite complex. Subframef the entire processn-
clude ArraignmentandTrial, but eachof thesein turn con-
tainsmultiple subframespftenwith differentconstellations
of participants.We are opento the possibility that we will
neecto dealwith othertypesof relationsamongframes but
have notyetrepresentethemin our database.

The FrameNet Product

TheFN databaseanbe seerbothasadictionaryandathe-
saurus. It is a dictionaryin that eachlexical unit is pro-
vided with (1) the nameof its frame, (2) a definition, (3)
a valencedescriptionwhich summarizeghe attestedcom-
binatorial possibilities,and (4) accessto annotatedexam-
plesillustrating eachsyntacticpatternfound in the corpus
andthe kinds of semantianformationinstancedwith such
patterns.(Several moretechnicaltypesof dictionaryinfor-
mation are missing, suchas etymologyand variousword-
subclasgletails.)It is athesaurusn that,by beinglinkedto
frames,eachword s directly connectedvith otherwordsin
its frame(s) andfurtherextensionsareprovidedby working
outthe waysin which a word’s basicframesareconnected
with otherframesthroughrelationsof inheritanceg(possibly
multiple inheritance)andcomposition.

The FrameNetdatabaseprovides a greatdeal of infor-
mation not includedin familiar dictionaries. Considerthe
CHANGE_OF_LEADERSHIP frame, which characterizeshe

lying “cases”(a.k.a.thematicroles),whereaghe accumulatiorof
semanticelationsin FrameNetis more deliberatelyinductive - if
only to avoid wastingtime trying to decidewhich of somestandard
list shouldbedistortedto cover somenew relationship.



appointmenof a new leaderor removal from office of an
old one,andwhoseFEsinclude: SELECTOR, the beingor

entity thatbringsaboutthe changen leadershigin thecase
of ademocratigrocessthe electorate)OLD LEADER, the
personremovedfrom office; OLD ORDER, the political or-

derthatexistedbeforethe change;NEw LEADER, the per

son appointedto office; and ROLE, the position occupied
by the new or old leader Someof the words that belong
to this framedescribehe successfutemoval from office of

aleader(e.g. overthow, oust,deposg, othersonly the at-
tempt (e.g. uprising, rebellion). This frame inheritsfrom

the more abstractREPLACEMENT frame discussedabove,
with the PLACE furtherspecifiedasan (abstractpositionof

political power, andthe X; and X, narravedto humansor

political entities.

Comparethis with the minimal information provided in
the online edition of the Merriam-WebsterDictionary and
Thesaurughttp://www.m-w.com) for the verb overthrow,
wherethe userlearnsthat the definition of the word is to
causethe downfall of: BRING DOWN, DEFEAT, andthat
somerelatedwordsare deposedethione oust,remose un-
seat No examplesentencesr semantiénformationarepro-
vided.

Theresultingannotatiordatabaséasbeenprovidedwith
a powerful searchengine,called FrameSQL developedby
Hiroaki Sato,which givesa web interfaceto the MySQL
databaselFrameSQLlhasalsobeenextendedn certainways
by the recognitionof certainkinds of words (e.g. support
verbs, transparentouns); it allows subtle queriesabout
lexical collocations,grammaticaltagging, frame-semantic
differencesamongrelatedwords, and selectionof support
verbsfor eventnouns.

Criminal Process:A Full Example of
Annotation and Representation

Criminal Process
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Figurel: The CRIMINAL PROCESS frameandsomeof its
subframes

TheFrameNeprojectis currentlyworkingonaverycom-
plex backgroundramecalled CRIMINAL _PROCESS, which

containsmary subframesaspartof our analysisof textsin
thecrimedomain.Thedefinitionof theframeis asfollows:

CRIMINAL _PROCESS

A SUSPECT is arrestedby an AUTHORITY on certain
CHARGES, thenis arraignedasa DEFENDANT. If at ary
time the DEFENDANT pleadsguilty, thenthe DEFENDANT
is sentencedytherwisethe DEFENDANT firstgoedo trial. If
the VERDICT afterthetrial is guilty, thenthe DEFENDANT
is sentencedln theend,the DEFENDANT is eitherreleased
or is givena SENTENCE by a JUDGE atthe sentencing.

Theframeelementsaredefinedlik e this:

COURT This FE identifiesthe court in-
volvedin atrial.

PLACE This FE identifies the place
wheretheeventoccurs.

TIME This FEidentifiesthetimewhen
theeventoccurs.

DEFENDANT The DEFENDANT is chaged
with anoffense.

JUDGE The JUuDGE heads the court

where arraignmentoccurs and
thecaseis tried.

This FE identifies the attor
ney(s) prosecutingthe Defen-
dant.

This FE identifiesthe Chages
broughtagainsthe Defendant.
The DEFENSE representthein-
terestof the DEFENDANT.
This FE identifies the people
who are chaged by the Court
to listen to the testimory, ev-
idence, and amguments, and
cometo a consensusboutthe
guilt or innocenceof the DE-
FENDANT.

This FE identifiesthe OFFENSE
which the DEFENDANT is ac-
cusedof committing.

PROSECUTION

CHARGES

DEFENSE

JURY

OFFENSE

In additionto having a fairly large numberof FEs, the
CRIMINAL PROCESS frame,asits namesuggests,epresents
a complex processwith mary parts. Theseare treatedin
FrameNetassubframes.Fig. 1 shows partof the subframe
structure. The stagessuchasarrest,arraignmentandtrial
are subframesof CRIMINAL PROCESS and someof them
(suchasARRAIGNMENT) have subframe®f theirown. The
FE-to-FEIlinks are not shavn, but it should be clear that
the personreferredto asthe SUSPECT in the Arrestframe
is identifiedwith the DEFENDANT in the TRIAL frame,that
(if justiceis done)this will alsobe the OFFENDER in the
OFFENSE frame,etc.

Onestepin the processdepictedhereis the arrestof a
suspect.We have a frame called ARREST, which includes
the verb apprehend So part of the work of FrameNeton
the ARREST framewill beto collectcorpussentenceson-
tainingapprehendandannotatehemwith FEssuchasAu-
THORITIES (thosewith the power to arrest),SUSPECT (the



person(swho arearrested) CHARGES (the nameof the of-
fensewhich the Suspects to be chagedwith), and more
generaFEssuchasPLACE andTIME.

Fig. 2 shavs the FrameNetannotationsoftware in use.
The userhasselectedhe sentencen July lastyear a Ger
manborder guard apprehendedwo Irishmenwith Kalash-
nikov assaultrifles, and has marked the FEs TIME, Au-
THORITIES, and SUSPECT. The resulting FE annotations
canbedisplayedn abracletednotationlik e this:

[Time In July last year] [authorities @ German bor-
der guard] apprehended 9 [ gy spect tWo Irishmenwith
Kalashnilov assaultifles].

A DAML+OIL representationof FrameNet

The World Wide Web (WWW) containsa large amountof
informationwhich is expandingatarapidrate. Most of that
informationis currentlybeingrepresentedsingthe Hyper
text MarkupLanguaggHTML), whichis designedo allow
web developersto displayinformationin a way thatis ac-
cessibleto humansfor viewing via web browsers. While
HTML allows usto visualizetheinformationon the web, it
doesnt provide muchcapabilityto describeheinformation
in waysthat facilitate the useof software programsto find
or interpretit. TheWorld Wide Web Consortium(W3C) has
developedthe ExtensibleMarkup Languagg(XML) which
allows information to be more accuratelydescribedusing
tags. As an example,the word crawl on a web site might
represenanoffline search procesgasin webcrawling) oran
expositionof atype of animatemotion The useof XML to
provide metadatanarkup,suchascrawl, makesthe mean-
ing of the work unambiguous.However, XML hasa lim-
ited capabilityto describethe relationshipgschemasr on-
tologies)with respecto objects.The useof ontologiespro-
videsa very powerful way to describeobjectsandtheir re-
lationshipsto otherobjects. The DAML languagewasde-
velopedasanextensionto XML andthe ResourcéDescrip-
tion Framevork (RDF). The latestreleaseof the language
(DAML+OIL) providesarich setof constructawith which
to createontologiesandto markupinformationsothatit is
machinereadableandunderstandable.

Version 1 of Framenet has been translated into
DAML+OIL (http:/mww.daml.og). We developed an
automatic translator from FrameNet to DAML+OIL
which is being updatedto reflect FrameNet2data. With
periodic updatesas the FrameNet data increases, we
expect it to becomeuseful for various applicationson
the Semantic Weh  DAML+OIL is written in RDF
(http:/www.w3.0ig/ TR/daml+oil-valkthru/#RDF1), i.e.,
DAML+OIL markupis a specific kind of RDF markup.
RDF in turn, is written in XML, using XML Namespaces
(http:/www.w3.01g/TR/daml+oil-walkthru/#XMLNS), and
URIs. Thus, our framenetdeclarationbegins with an RDF
start tag including several namespacealeclarationsof the
form:

<?Xm version="1.0" encodi ng='1S0O 8859-1" ?>
<! DOCTYPE uri def [

<IENTITY rdf "http://ww.w3.org/ 1999/ 02/ 22-rdf - synt ax-
ns">

<IENTITY rdfs"http://ww. w3. org/ 2000/ 01/ r df - schema" >

<IENTITY xsd "http://ww. w3. org/ 2000/ 10/ XM_Schema" >
<IENTITY dam "http://ww. danl . or g/ 2001/ 03/ dam +oi | " >
1>

<rdf : RDF
xm ns:rdf = " & df ; #"
xmns:rdfs = "&rdfs; #"
xm ns: xsd = " &xsd; #"
xm ns: daml = " &dam ; #"

Soin thisdocumenttherdf: prefix shouldbe understood
as referring to things dravn from the namespacealled
http://iwwww3.019/1999/@/22-rdf-syrtaxns#. This is a
cornventional RDF declarationappearingverbatim at the
beginning of almost every rdf document. The second
and third declarationsmake similar statementsabout the
RDF Schemaand XML Schemadatatype namespaces.
The fourth declarationsays that in this document, el-
ements prefixed with daml: should be understoodas
referring to things dravn from the namespacecalled
http://wwww3.019/2001/@B/daml+dl#. This againis acon-
ventionalDAML+OIL declaration.We usethe XML entity
model to use shortcutswith referringto the URIs® The
otherDAML+OIL ontologiesusedin theFrameNetescrip-
tion include the DAML-S (http://www.daml.og/services)
service ontologies, the OpenCYC daml ontology (http://
www.cyc.com/2002/04/8/cyc.daml), and the SRI time
ontology (http:// www.ai.sri.com/ daml/ontologies/
sri-basic/1-0/Tme.daml) which is currently being re-
vised with the neav DAML+OIL time ontology effort.
http://wwwi.icsi.berleley.edu/ snarayan/frame-2.danhlas a
completenamespacandimportedontologylist.

The most generalobjectof interestis a frame We de-
fine the FRAME classasa daml:unionOfa BACK GROUND-
FRAME class (such as CRIMINAL PROCESS frame) and
a LEXICALFRAME class (such as the ARREST frame).
We then definea bunch of bookkeepingpropertieson the
tF)R,IAME class. An exampleof the namepropertyis shovn

elow.

<dam : d ass rdf: | D="Frane">
<rdfs: comment > The nost general class </rdfs:coment>
<dam : uni onOF rdf: parseType="dani: col | ecti on">
<daml : O ass rdf: about ="#Backgr oundFr ane"/ >
<dam : O ass rdf: about ="#Lexi cal Frame"/>
</ dam : uni onCf >
</ dani : O ass>

<daml : Obj ect Property rdf:|D="Nanme">

<rdfs:donai n rdf:resource="#Frame"/>

<rdfs:range rdf:resource="& df-schens; #Literal "/>
</ dam : Obj ect Property>

Rolesare relationsdefinedon framesranging over the
specifictypeof thefiller. We usedaml:objectPropertio de-
fine therolesof a frame. Thedomainof arole is its frame.
We leave the type of thefiller unrestrictedat this level, al-
lowing specificrolesto specializethis further. Notethatwe

5Notethatall URIs areglobally scopedsowithout this the en-
tire pathhasto be specified.
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Figure2: Annotationof a sentencén the ARREST frame.

usethe daml:samePropertyAglationto specifysynoryms.
Thefragmentbelow specifiegshatFrameElementRole,and
FE aresynoryms.

<daml : Obj ect Property rdf:1D= "role">
<rdf s: domai n rdf:resource="#Frame"/>
<rdfs:range rdf:resource="&danl ; #Thi ng"/>
</ dam : Obj ect Property>

<daml : Obj ect Property rdf:|D="franeEl enent">
<dani : sanmePropertyAs rdf:resource="#role"/>
</ dam : Obj ect Property>

<daml : Obj ect Property rdf: | D="FE">
<dani : sanmePropertyAs rdf:resource="#role"/>
</ dam : Obj ect Property>

We usethevariousdamlconstructslaml:maxCardinality
daml:minCardinalitydaml:cardinalityQetc.to specifycar
dinality restrictionson the fillers of a role property The
markupfragmentbelon shows the specificationof a single
valuedrole.

<dani : Obj ect Property rdf: | D= "singl evVal uedRol ">
<rdfs: domai n rdf:resource="#Frane"/>
<rdfs: range>
<rdfs: subd assOf >
<dam : Restriction dam : nexCardinality="1">
<dam : onProperty rdf:resource="#Rol e"/>
</dam : Restriction>
</ rdfs: subd assCf >
</ dani: d ass>

The relation betweenlexicalized frames (such as AR-
REST) and backgroundframes(suchas CRIMINAL PRO-

CESsis oftencapturedy asetof bindingsbetweerframeel-
ementqsuchasthe arrestegersoris thesameindividual as
the personchagedwho is the sameindividual asthe defen-
dantin acriminal process)To capturesuchbindings,wein-
troducea specialrelationcalled bindingRelatiorwhosedo-
mainandrangeareroles(from thesameor differentframes).

<daml : Obj ect Property rdf: | D="bi ndi ngRel ati on">
<rdfs:donai n rdf:resource="#Rol e"/>
<rdfs:range rdf:resource="#Role"/>

</ dam : Obj ect Property>

By far the mostimportantbinding relation is the iden-
tification of roles (they refer to the same value (ob-
ject)). This can be specifiedthrough the relation iden-
tify which is a subPropertyof bindingRelation Note that
in order to do this, we have to extend the DAML+OIL
languagewhich doesnot allow propertiesto be defined
over other properties. We use the DAML-S service
ontology (http://www.daml.og/services)primitive daml-
s:same¥luesASo specifythe identify relations.

<daml : Obj ect Property rdf: |1 D="identify">
<rdfs: subPropertyCOf rdf:resource="+#bindi ngRel ation"/>
<rdfs:donai n rdf:resource="#Rol e"/>
<dani - s: sameVal uesAs rdf:resource="#rdfs:range"/>

</ dam : Obj ect Property>

In FrameNeta framemay inherit (A ISA B) from other
framesor bea compositiorof asetof subframegwhich are
frameshemseles).ForinstanceaneventframeCRIMINAL
PROCESS may have subframeghat correspondo various
stage{ARREST, ARRAIGNMENT, CHARGE, etc.)’

"The subFrameO¥elationhasadirecttranslatiorto aricherse-
manticrepresentatiothatis ableto modelandreasomaboutcom-
plex processegsuchasbuying, selling, reservingtickets)andser



<dani : Obj ect Property rdf: | D="subFranmeC ">
<rdfs:donai n rdf:resource="#Frame"/>
<rdfs:range rdf:resource="#Frame"/>

</ dam : Obj ect Property>

A centralrelationbetweensubframesds oneof temporal
ordering. We use precedegin fact we have both tempo-
ralOrdering(transitve precedespind precedegimmediate
precedes))o encodehis relationbetweersubframes.

<dani : Obj ect Property rdf:|D="precedes">
<rdfs:donai n rdf:resource="#subFrane"/>
<rdfs:range rdf:resource="#subFrane"/>
</ dam : Obj ect Property>

We can define a property temporalOrderinghat is the
transitive versionof precedes

dani : Transi ti veProperty rdf: | D="Tenporal Ordering">
<rdfs: | abel >Tenpor al O deri ng</rdf s: | abel >
</dam : Transi ti veProperty>

Note that the temporalOrderingproperty only says it
is transitve, not that it is a transitve version of pre-
cedes DAML+OIL doesnot currentlyallow usto express
this relation. (seehttp://www.daml.og/2001/03dam-+oil-
walkthru#properties).

FrameElementanayalsoinheritfrom eachothet We use
therdfs:subPropertyOfrdfs is the referencdo rdf-schema)
to specify this dependences.For example, the following
markupin DAML+OIL specifiesthat the role (FrameEl-
ement) MOTHER inherits from the role (Frame Element)
PARENT. Note we canadd further restrictionsto the new
role. For instancewe may wantto restrictthe filler of the
MOTHER to befemale(asopposedo animalfor PARENT).

<dam : Obj ect Property rdf:|D="not her">
<rdfs: subPropertyCf rdf:resource="#parent"/>
<rdf s:range rdf:resource="#Fenal e"/>

</ dam : Obj ect Property>

With thesebasicframeprimitives,we arereadyto look at
the Criminal Proces®xample.

An Example: The Criminal Procesg-rame

Thebasicframeis the CRIMINAL PROCESS Frame. It is a
typeof backgroundrame.CP is usedasashorthandor this
frame.

<dani : G ass rdf: |1 D="Crim nal Process">
<rdf s: subCl assOf rdf:resource="#Backgr oundFrane"/ >
</ dani: d ass>

<dani : G ass rdf: | D="CP">
<damnl : sanmeC assAs rdf:resource="#Cri m nal Process"/>
</dam : O ass>

The CRIMINALPROCESS frame hasa set of associated
roles. Theseroles include that of COURT, DEFENDANT,
PROSECUTION, DEFENSE, JURY, and CHARGES. Eachof

viceson theweh While the detailsof the representatiomre out-
side the scopeof the this paper the interestedreadercanlook at
(Narayanar& Mcllraith 2002)for anexpositionof themarkuplan-
guageandits operationakemantics.

theseroles may have a filler with a specificsemantictype
restriction.FrameNetoesnot specifytheworld knowledge
andontologyrequiredto reasoraboutFrameElementfiller

types.We believe thatoneof the possibleadvantagesn en-
coding FrameNetdatain DAML+OIL is thatasandwhen
ontologiesbecomeavailableontheweb (suchasOpenCYC
at http://www.cyc.com/2002/08/cyc.dam), we can link

to themfor this purpose.

In theexamplefragmentbelor we shav theusethe CYC
Court-Judicialcollection to specify the type of the court
andthe CYC Lawyer definitionto specifythe type restric-
tion on the frame elementbEFENSE. For illustrative pur-
poses,the DAML+OIL markup below shows the use of
a different ontology (from CYC) to restrict the defendant
to be of type PERSON as definedin the example ontol-
ogy. This restrictionusesthe DAML+OIL examplefrom
http://www.daml.og/200203damni+oil-ex)

<daml : Obj ect Property rdf:ID="court">
<rdf s: subPropertyOf rdf:resource="#FE"/>
<rdfs: domai n rdf:resource="#Cri m nal Process"/>
<rdf s: range rdf:resource="&CYC, #Court-Judicial "/>
</ dam : Cbj ect Property>

<damnl : Obj ect Property rdf:|D="def ense">
<rdfs: subPropertyOf rdf:resource="#FE"/>
<rdfs:donai n rdf:resource="#Crim nal Process"/>
<rdfs:range rdf:resource="&CYC, #Lawyer"/ >

</ dam : Obj ect Property>

<dam : Obj ect Property rdf: | D="def endant">
<rdfs: subPropertyOf rdf:resource="#FE"/>
<rdfs:donai n rdf:resource="#Crim nal Process"/>
<rdfs:range rdf:resource="&danl - ex; Person"/>
</ dam : Obj ect Property>

The set of binding relations involves a set of role
identification statementsthat specify that a role of a
frame (subframe) has the same value (bound to the
same object) as the role of a subframe (frame). We
could specify these constraints either a) as anory-
mous subclassrestrictionson the criminal processclass
(see http://www.daml.og/2001/@/daml+dl-ex for exam-
ples) or b) we could name each individual constraint
(and thus obtain a handle onto that property). We
chosethe later methodin our DAML+OIL encodingof
FrameNetto allow users/programgo query ary spe-
cific constraint(or modify it). Note also that the use
of the dotting notation (A.b) to specify paths through
simple and complex frames and is not fully supported
in DAML+OIL (see http://www.daml.og/services/daml-
s/2001/10/rationale.htrdnd also (Narayanan& Mcllraith
2002)for moreinfo).

<dam : Obj ect Property rdf: | D="prosecutionConstraint">
<rdfs: subPropertyOf rdf:resource="#identify"/>
<rdf s: domai n rdf:resource="#CP. prosecution"/>
<rdfs:range rdf:resource="#Trial.prosecution"/>
</ dam : Cbj ect Property>

<danl : Obj ect Property rdf: | D="def endant Constraint">
<rdf s: subPropertyOf rdf:resource="#identify"/>



<rdf s: domai n rdf:resource="#CP. def endant"/ >
<rdf s: range rdf:resource="#Arrest.suspect"/>
</ dam : Obj ect Property>

Subframeof the CRIMINALPROCESS framearedefined
by their type (LexicalFrameor a BackgroundFrame) For
example,ARREST andARRAIGNMENT arelLexical Frames
while TRIAL is a BackgroundFraméall are subframesof
CRIMINALPROCESS. We subtypethe subFrameOfrop-
erty to specifytheindividual subframerelations(shovn be-
low for therelationsubframeOf(CriminaProcessArraign-
ment)).

<dani : Class rdf:ID="Arrest">

<rdfs: comment > A subfrane </rdfs:coment>
<rdfs:subd assOf rdf:resource="#Lexical Frame"/>

</dam : Cl ass>

<dam : G ass rdf: | D="Arraignnent">
<rdfs:coment> A subfrane </rdfs:comment>

<rdf s: subCl assOf rdf: resource="#Lexi cal Frane"/>
</dam : O ass>

<danmi : Class rdf: I D="Trial">

<rdfs: comment > A subfranme </rdfs:coment>
<rdfs:subd assOf rdf:resource="#Backgr oundFrane"/ >

</dam : Ol ass>

<daml : Obj ect Property rdf:|D="arrai gnSubFrane">
<rdfs: subPropertyCf rdf:resource="#subFramed"/>
<rdfs: domai n rdf:resource="#CP"/>
<rdfs:range rdf:resource="#Arrai gnnent"/>
</ dam : Obj ect Property>

To specifythetherelationprecedes(Arrestrraignment)
we restrictthe propertyprecedesvithin (the domainof) the
ARREST frameto have asoneof its rangevaluesthe frame
(class)ARRAIGNMENT. Thisis doneusingthe propertyre-
strictionfeaturewith DAML+OIL asfollows.

<dam : O ass rdf: about ="#Arrest">
<rdfs: subd assCf >
<danl : Restriction>
<dam : onProperty rdf:resource="#precedes"/>
<dam : hasC ass rdf:resource="#Arrai gnment"/>
</dam : Restriction>
</rdfs: subd assCOf >
</ dani: d ass>

With this markupof the ontology, we cancreateannota-
tion instancedor exampleswith targetsthat belongto the
CRIMINALPROCESS (or its associatedframes. Consider
theannotatiorexamplein the previoussection.

[Time In July last year] [Awthoritics @ German bor-
der guard] apprehende 9 [ gy spect two Irishmenwith
Kalashnilov assaultifles].

Shown below is our DAML+OIL representatiorior the
sentenceyiewed asaninstantiationthat usesthe FrameNet
framefor ARREST.®

8The Annotation object hasadditional propertiesthat specify
text indices,andallow for arbitrarytext tagsto beplacedonvarious
partsof the annotatedsentence.For easeof exposition, we only
shav theframeelementrelevantannotationsyntacticinformation

<f n: Annot ati on>
<t pos> "36352897" </tpos>
<frame rdf:about ="& n; Arrest">
<time> In July last year </tine>
<authorities> a German border guard </authorities>
<t arget > apprehended </ protagoni st>
<suspect >
two Irishmen with Kal ashni kov assault rifles.
</ suspect >
</ frame>
</fn: Annot ati on>

At thecurrentstagewe have corvertedall of FrameNetl
data(annotationsand frame descriptions)o DAML+OIL.
The translatorhas also beenupdatedto handlethe more
comple« semantiarelations(both frameandframe element
based)n FrameNe®. We planto releaséboththe XML and
the DAML+OIL versionsof all FrameNe® releases.

Conclusion

The World Wide Web (WWW) containsa large amountof
information which is expandingat a rapid rate. The in-
formationcontainedencompassediverserangesandtypes
of data,from structureddatabaseso text. While XML al-
lows for the specificationof metadataas a meansto spec-
ify the structureand syntaxof a URL, it doesnot provide
muchcapabilityto describethe semantiarelationsbetween
the differentpiecesof informationin a mannerthat canbe
exploited by softwareprogramsfor automationor interpre-
tation. DAML+OIL is awidely usedlanguageelatedto the
SemantidNVeb initiative (http://www.semanticVghorg) that
is poisedto remedythis situation. The DAML+OIL lan-
guageis beingdevelopedas an extensionto XML andthe
ResourcéDescriptionFramavork (RDF). The latestrelease
of the language(DAML+OIL) providesa rich setof con-
structswith which to createontologiesandto markupinfor-
mationsothatit is machinereadableandunderstandable.

This rapid growth of the web also engenders needfor
sophisticatedechniquego representexical and sensedis-
tinctions in a machinereadableand interpretablemanner
The FrameNetdatabaselocumentsthe rangeof semantic
and syntacticcombinatorypossibilities(valences)of each
word in eachof its sensesthroughmanualannotatiorof ex-
amplesentenceandautomaticsummarizatiorof theresult-
ing annotations.We believe that FrameNetoffers promise
asa potentialresourceo aid in the automaticidentification
anddisambiguatiorof word meaningn the semantioveh

This paperdescribedan encodingof FrameNetdatain
the DAML+OIL language. FrameNetl (both frame de-
scriptionsandannotationshasalreadybeentranslatednto
DAML+OIL, and we reportedon the updatedtranslator
which translateghe richer setof frame andframe element
relationsin FrameNe® to DAML+OIL.

With periodic updatesas the FrameNetdata increases,
we expectthe DAML+OIL encodingof FrameNetto be-
comeusefulfor variousapplicationson the semanticweh
Corwversely asthe setof DAML+OIL ontologiesmatures,

is taggedin a similar manner Partial annotationof the sentence
arepossiblewith otherframe-bearingvordstaken astarget.



FrameNetandirectly link to the semantiovebto incorpo-
rate domain-specifiégnformationincluding semantictyping
of frameelements.
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