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Abstract

The Berkeley FrameNet Project (Baker, Fillmore, &
Lowe 1998; Fillmore & Baker 2001) (URL: http://
framenet.icsi.berkeley.edu/˜framenet)is creating an online
lexical resourcefor English,basedontheprinciplesof Frame
Semanticsandsupportedby corpusevidence. A semantic
frame is ascript-likestructureof inferences,whicharelinked
to themeaningsof linguisticunits(lexical items).Eachframe
identifiesa set of frame elements(FEs), which are frame-
specificsemanticroles(participants,props,phasesof a state
of affairs). Our descriptionof eachlexical item identifies
the frameswhich underliea given meaningandthe waysin
which theFEsarerealizedin structuresheadedby theword.
TheFrameNetdatabasedocumentstherangeof semanticand
syntacticcombinatorypossibilities(valences)of eachword
in eachof its senses,throughmanualannotationof exam-
ple sentencesandautomaticsummarizationof the resulting
annotations.The FrameNetdatabaseis available in XML,
andcanbedisplayedandqueriedvia thewebandotherinter-
faces.TheFrameNetI datahasalsobeentranslatedinto the
DAML+OIL extensionto XML andtheResourceDescription
Framework (RDF), which can representour ontologiesand
to make FrameNetinformationmachinereadableandunder-
standable.We have developedan automatictranslatorfrom
FrameNet1 datain XML to DAML+OIL; this paperreports
onour representationof thisdatain DAML+OIL.

Intr oduction
It is generallyassumedthat thegoalsof computationallin-
guisticsandthoseof ordinarylinguisticanalysisareunlikely
to coincidein theareaof lexiconbuilding. Thefull rangeof
the knowledgespeakershave aboutthe words in their lan-
guageappearsto be out of reachof practicalefforts to ac-
quireandorganizesuchknowledgefor efficient usein NLP
applications.

FrameNet,asa computationallinguisticsproject,aimsat
a compromisebetweentwo extremes. At the oneendit is

�
We aregratefulto theNationalScienceFoundationfor fund-

ing the work of the FrameNetproject through two grants, IRI
#9618838“Tools for Lexicon Building” March 1997–February
2000,andITR/HCI #0086132“FrameNet++:An On-LineLexical
SemanticResourceand its Application to Speechand Language
Technology”September2000–August2003.
Copyright c

�
2002, American Associationfor Artificial Intelli-

gence(www.aaai.org). All rightsreserved.

clearly possibleto do carefulandsubtleconceptualanaly-
sis of the items in a small lexicon designedfor restricted
purposesin a narrow domain,wherethe goal of achieving
reliablelanguageunderstandingandaccurateinferencegen-
erationseemsattainable.At the otherend,onecanaim at
fairly superficialinformationretrieval or other NLP appli-
cationsby usingstatisticalmethodsfor acquiringvery large
lexiconsor or by creatingcleverprogramsfor makingmax-
imal useof the informationavailable in machine-tractable
dictionaries.Thelattercontainlargeamountsof dataandare
capableof yielding importantfactsnot anticipatedby their
compilers(Wilks, Slator, & Guthrie1996)but they arelim-
ited to whatsomebodybelievedwouldberelevantto human
users.

TheFrameNetteamareconvincedthatat a certainlevel,
thedepthandsubtletyof carefullinguisticanalysiscanbeat-
tainedusingthewiselyexploitedjudgmentsof linguistically
trainedresearcherswho annotatesyntacticallysortedsen-
tences1 taken from a large naturallanguagecorpus. Some
of the information madeavailable by such researchwill
be recordeddirectly by the annotators,and somewill be
derivable—partlymanually, partly automatically—fromthe
resultsof suchannotations.This processis very labor in-
tensive,but we arealsomoving towarda systemin which a
priori rulesareusedto pre-markmostof theframeelements,
andhumanscanapproveor disapproveof thesealgorithmic
assignments.

The FrameNetdatabasenow containsinformationabout
more than 4,000 lexical units (sensesof words) basedon
the annotationof more than 100,000sentences.We want
to make this informationavailablefor a wide rangeof uses,
from studentstrying to understandhow awordis usedin En-
glish to machinetranslationandinformationextractionpro-
grams.Thispaperwill explain thetheorybehindFrameNet,
briefly discussthe annotationprocess,and then describe
how the FrameNetdatacan be representedin RDF, using
DAML+OIL, so that it will becomea resourcefor the Se-
manticWeb.

1It maybemisleadingto referto thisassimply“annotatingsen-
tences”:eachof thesentencesis seenasa concordanceline illus-
tratinga context for a singleword,andtheannotationsarelimited
to recordingtherelevantfeaturesof thecontext of thatword.
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Frame Semantics
Backgr� ound
The basicassumptionof FrameSemantics(Fillmore 1976;
1977;Fillmore & Atkins 1992;Petruck1996)asit applies
to thedescriptionof lexical meaningsis thateachword(in a
givenmeaning)evokesaparticularframeandpossiblypro-
files someelementor aspectof that frame.2 An “evoked”
frameis the structureof knowledgerequiredfor theunder-
standingof a given lexical or phrasalitem; a “profiled” en-
tity is thecomponentof a framethat integratesdirectly into
the semanticstructureof the surroundingtext or sentence.
The framesin questioncanbe simple—smallstaticscenes
or statesof affairs,simplepatternsof contrast,relationsbe-
tweenentities and the roles they serve, or possiblyquite
complex event types—whichwe can call scenarios—that
provide the backgroundfor wordsthat profile oneor more
of their phasesor participants.

For example,the word bartenderevokesa sceneof ser-
vice in a settingwherealcoholicbeveragesareconsumed,
andprofiles the personwhoserole is to prepareandserve
thesebeverages.In a sentencelike Thebartenderaskedfor
my ID, it is the individual who occupiesthat role that we
understandasmakingtherequest,andtherequestfor iden-
tification is to beunderstoodagainstthesetof assumptions
andpracticesof thatframe.

Replacement:An ExampleFrame
FrameNethastried to concentrateon frameswhichhelpex-
plicatethemeaningsof groupsof words,ratherthanframes
thatcover just oneword. Onesuchframeis the REPLACE-
MENT frame.An abstractdescriptionof this framerequires
thepositingof a PLACE (which canbea role, a function,a
location,a job, a status,etc.),andtwo distinct entities(X �
andX � ) whosehistoriesincludebeingin this PLACE. We
canthenline up the separatepiecesof the REPLACEMENT
Scenarioasfollows:

Scenario1
Scene1. X � is at Place.
Scene2. X � is not at Place.
Transition1. X � movesaway from Place.
Transition2. X � movesto Place.
Scene3. X � is not at Place.
Scene4. X � is at Place.
Ordering Constraints
Constraint: Scene1 precedesTransition1.
Constraint: Scene2 precedesTransition2.
Constraint: Transition1 precedesTransition2.
Constraint: Transition1 precedesScene3.
Constraint: Transition2 precedesScene4.

This Scenario1 is commonto (and is “inherited by”) two
other scenarioswhich add certainelaborations.The tem-
poralprecedencerelationholdingbetweenTransition1 and
Transition2 is generalenoughto allow anything from im-
mediatereplacementof X � by X � , as in the game“King-
of-the-Hill” (whereX � pushesX � off thehill) to a temporal
gapof considerablelength,aswhenthe role occupiedby a

2Thetermprofile (usedhereasa verb) is borrowedfrom (Lan-
gacker 1987),esp.pp. 183ff.

retiredor deceasedcompany officer remainsunoccupiedfor
many years.

In termsof their separatehistoricalassociationwith the
Placein Scenario1, wecanreferto theentitiesX � andX � as
theOld ThemeandtheNew Themerespectively, or, simply,
Old andNew. We refer to suchnamesas OLD, NEW, and
PLACE asframe elementsor FEs.3

Now we canlook at someof the vocabulary that fits the
descriptionof this frame.

Limiting ourselves to the scenario just sketched out
(which containsno suggestionof agency or causation),we
canseethat the noun replacementhastwo uses:in oneof
its sensesit canprofile the whole event, aswith the com-
plex subjectNP in the sentence[Sylvia’s replacementby
Adamon the committee]wasa surpriseto everyone; or it
canrefer to (i.e., “profile”) only the NEW entity in thefinal
scene,as identifiedin the subjectof the sentence[Sylvia’s
replacement]turnedoutto becompletelyunpreparedfor the
job. TheverbreplacetemporallyprofilesTransition2, asin
AdamreplacedSylviaonthecommittee. Thismeansthatif a
temporalqualificationis addedto thisclause,e.g. lastweek,
it identifiesthe time whenAdamshowedup in the PLACE,
andthatdoesnot necessarilyincludethe time whenSylvia
left it.

Theexpressionswe have examinedso far have only two
FEs,theNEW andtheOLD. With thesesentencesweintend
only theinterpretationthatAdamcameto have theposition
on the committeewhich Sylvia usedto have. But the verb
replaceactuallyhastwo morepossibleprofilings,fitting two
slightly different elaborationsof our initial scenario,both
involving an agency that bringsaboutoneor both of these
transitions,i.e. two typesof causative.

In the first (and more restricted)of theseelaborations,
thereis a new entity X � that bringsaboutTransition2 but
notTransition1. Thus:

Scenario2
Scene1. X � is at Place.
Scene2. X � is not at Place.
Transition1. X � movesaway from Place.
Transition2. X � movesto Place.
Cause: X � causesTransition2.
Scene3. X � is not at Place.
Scene4. X � is at Place.

In aninterpretationsupportedby thissecondscenario,the
entity X � (which we will referto asAGENT) canparticipate
in a profiling of the “Cause” clause,as in Lydia replaced
Sylvia (with Adam)on the committee. In this use of re-
place it is possiblethat the AGENT, Lydia, hadnothing to

3TheFEsarein many waysanalogousto thecaserolesor the-
matic rolesof variousframeworks.For a smallnumberof frames,
the FEscould be labeledby familiar termsfrom suchtraditions,
like Agent, Theme, Instrument , etc.,but we do not requireour-
selvesto accommodateour FE labelsto suchlists in caseswhere
thereis no obvious fit. The FE namesareunderstoodin termsof
roles in specificframesand do not needto be thoughtof as se-
lectedfrom a restricteduniversalset.Theselabelsarereusable, to
besure—whichis why we seekto includeasmany wordsaspos-
siblewithin individual frames—but ourwork canproceedwithout
decidingonaninitial completeinventorya priori.



do with Sylvia’s move in Transition1. Thatmayhave hap-
pened	 yearsago.Giventhis secondscenario,eventhougha
NP mentioningthe OLD is grammaticallyrequired, Sylvia
mightnotbeaparticipantin theprofiledeventatall. A tem-
poralqualifierwouldonly identify thetimeof Transition2.

In Scenario3, the secondelaborationon the simple RE-
PLACEMENT frame,wehaveasituationin whichtheAGENT
is responsiblefor bothof thetransitions.Thus:

Scenario3
Scene1. X � is at Place.
Scene2. X � is not at Place.
Transition1. X � movesaway from Place.
Transition2. X � movesto Place.
Cause: X � causesTransition1 & Transition2.
Scene3. X � is not at Place.
Scene4. X � is at Place.

Ontheinterpretationof causativereplacein thisthird sce-
nario,weseeLydiaasperformingthetwo-partactof (1) re-
moving Sylvia from thepositionand(2) placingAdamin it
instead.As noted,the interpretationof temporalmodifiers
goesalongwith profiling: in Scenario3, thesentenceLydia
replacedSylviawith Adamlast weekplacesbothtransitions
within thesameperiod.

Whethertheexistenceof two interpretationscorrespond-
ing to the two causative scenariosrequiresthe positingof
two sensesfor replacemay be a problemfor theoriesof
polysemy, but thereis no doubtof thedifferencein the im-
plications. If you are told that you can be replaced, you
have beenwarnedthat you might loseyour job: you could
becomeanunwilling participantin Transition1. But if you
aretold thatyoucannever bereplaced, or equivalentlythat
you are irreplaceable, thenyou will be pleased:they will
neverfind anyonewho canfill yourshoes.

Thereare many other words that evoke oneor more of
thesescenarios.The verbssucceedandsupersedeare for
the mostpart limited to Scenario1. The verbsupplanthas
moreor lessthe samepossibilities,syntacticandsemantic,
asreplacein all threescenarios.Theverbsubstitutefits all
threescenarios,but hasa differentsyntaxandsubtlydiffer-
entsemanticimplications. In Scenario1, wheretheverb is
usedintransitively, the NEW substitutesfor the OLD, differ-
ing from replacein requiring the oblique renderingof the
NEW with theprepositionfor. In thecausativescenarios,the
two verbsexhibit analternationbetweendirectandoblique
objects,anda differencein prepositionsfor theoblique: the
AGENT substitutes theNEW for theOLD, but theAGENT re-
places theOLD with theNEW.

Thewordsuccessoris arelationalnounprofiling theNEW
in respectto theOLD, whereasthenounpredecessorprofiles
theOLD in respectto theNEW, atatimeperiodat theendof
the transitions.The phrasalprepositioninsteadof alsofits
this frame: You canuseraw sugarinsteadof refinedsugar
is a paraphraseof You can substituteraw sugarfor refined
sugar. The adjective existing markssomethingasdestined
for replacement:if you seea campusmapwith oneof the
buildings identifiedas the existing stadium, you know that
this structureis destinedto bereplaced.The time adjective
previousbelongsto this frame. If you tell me aboutyour
former wife or your ex-wife, I will know that sheis some-

onewho wasoncemarriedto you; but if you speakof your
previouswife, I will alsoknow thatshehasin themeantime
beenreplaced.

Numerousnounsareunderstoodwith referenceto a spe-
cializationof thereplacementframe:crownprince, heir ap-
parent, standby, understudy, andso on. Thus,by defining
the REPLACEMENT frame,we areable to conciselyrepre-
sentthesemanticsof at leasttwentylexical items,including
nouns,verbs,adjectivesandapreposition.

The FrameNetProcess
Thejob of FrameNetis to documentfrom attestedinstances
of contemporaryEnglish the mannerin which frame ele-
ments(for given words in given meanings)are grammati-
cally instantiatedin Englishsentencesandto organizeand
exhibit theresultsof suchfindingsin a systematicway. We
have seen,for example,that in causative usesof thewords,
an expressionabout replacing NP with NP takes the di-
rect objectasthe OLD and the obliqueobjectas the NEW,
whereassubstitutingNPfor NPdoesit theotherwayaround.
A commitmentto basingsuchgeneralizationsonattestations
from a largecorpus,however, hasrevealedthat in bothUK
andUS English,the verb substitutealsoparticipatesin the
valencepatternfoundwith replace, i.e. we find examplesof
substitutingtheOLD with theNEW.

More specifically, the actualwork of the FrameNetlex-
icographersis to record the variety of combinatorialpat-
ternsfound in the corpusfor eachword in the FrameNet
lexicon, to presentthe resultsasthevalencesof thewords,
to createsoftwarecapableof deriving asmuchotherinfor-
mationaboutthe wordsaspossible,from the annotations,
andto addmanuallyonly that informationwhich cannot—
or cannoteasily—bederivedautomaticallyfrom thecorpus
or from thesetof annotatedexamples.

Thecorpususedin FrameNetso far hasbeentheBritish
NationalCorpus,morethan100,000,000runningwordsof
contemporaryBritish English.4 In thecurrentphase,we are
beginning to incorporateinto our work the North Ameri-
cannewswirecorporafrom theLinguistic DataConsortium
(http://www.ldc.upenn.edu), and eventually we hopeto be
ableto addthefull resourcesof theAmericanNationalCor-
pus(http://www.cs.vassar.edu/˜ide/anc/).

Lexicographic Relevance
Thepartof FrameNetdescriptionsconcernedwith thecom-
bined semanticand syntacticvalenceof lexical items re-
quiresconsiderationof both frame structureand syntactic
structure. Our objective is to recordexactly how the lan-
guagerelatesframeelementsto thosesyntacticconstituents
that are syntacticallydependenton the lexical items that
evoketheframe.

Clearinstancesof lexicographicallyrelevantpositionsare
thoseacceptedin narrow conceptionsof subcategorization

4Ouruseof theBNC is by courtesyof OxfordUniversityPress,
throughTimothy Benbow. The versionof the corpuswe usewas
tokenizedatOxford,lemmatizedandPOS-taggedattheInstitut für
MaschinelleSprachverarbeitungat theUniversityof Stuttgart.In-
formationabouttheBNC canbefoundat http://info.ox.ac.uk/bnc.



frames. If the target word is the verb demonstrate andthe
sentence	 is [The instructor] demonstrated[the process][to
the students], the direct objectof the verb (the process) is
clearly relevant. Since the act of demonstrationrequires
an audience,mostanalystswould includethe to-phrase(to
the students). In other words, a lexical descriptionof the
verb mustsay that the subjectand thesetwo syntacticpo-
sitionsfunction in identifying frameelementsthatarenec-
essarypartsof the conceptof the frameevoked by it. For
thedeverbalnoundemonstration, clearly relevantpositions
for annotationwould be a precedingpossessive determiner
or following prepositionalcomplements,as in the NP [the
instructor’s] demonstration [of theprocess][to theclass].

An example of a context providing information that
couldberelevantto completinginformationabouttheframe
evokedby a particularlexical item but which is out of reach
of lexically determinedcontextsis to beseenin thereference
to thestudentsandtheprocessin thefollowingsentence,The
studentscomplainedthat theycouldn’t reallyunderstandthe
processwithout a demonstration. It is clearfrom a natural
interpretationof the sentenceasa whole that the audience
of thedemonstrationis supposedto bethestudents, andthat
the processis what needsto be demonstrated,but suchin-
formationdoesnot comefrom noticing how the combina-
torial possibilitiesof thenoundemonstrationarerealizedin
this sentence.Theprocessof understandingthesentenceas
a whole needsto call on somemeansof recognizingsuch
informationin thesurroundingdiscourse.But hereour lex-
icographictaskis morerestricted:to characterizethecom-
binatorialrequirementsandpossibilitiesthatarespecifically
associatedwith individual wordsratherthanwith thepossi-
bilities providedby thewholegrammarof thelanguage.On
lexicographicrelevance,see(Fillmore& Atkins 1998).

RelationsbetweenFramesand FEs
Inheritance
We have mentionedone relation betweenframes, inheri-
tance,withoutfully definingit. Frameinheritanceis anIS-A
relation.If frameB inheritsfrom frameA, thenB elaborates
A, andisasubtypeof A. Furthermore,all theframeelements
of A areinheritedby B. They mayappearin B with exactly
thesamenamesandsemantictypes,or they maybesubtypes
(elaborations)of theFEsin A.

SinceFE namesarerelative to the framesin which they
occur, an FE called SPEAKER in B is distinct from an FE
calledSPEAKER in A, whetheror not B is anelaborationof
A, andwhetheror not its semantictype is further restricted
in B. However, it is customaryin FrameNetto userelatively
frame-specificnameswhenpossible.Wherewe do choose
the samenamefor FEs in two different frames,we have
somesort of semanticsimilarity in mind, but this mustul-
timately be madespecificthroughsemantictyping andFE
inheritance.5

5Thereis a certainsimilarity - andcertainlya personal-history
connection- betweenthe“caseframes”plus linking rulesin Case
Grammar(Fillmore1968)ontheonehandandthevalencepatterns
derived from theFrameNetannotationson theother. CaseGram-
marassumedafixedrelevant-across-the-boardcollectionof under-

Thepictureis furthercomplicatedby situationsof multi-
ple inheritance;anFE in oneframemayinherit from FEsin
two parentframes,combiningtheirsemantics.For example,
the sentence. . .Simpsonboldly accusedhim to his faceof
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,and to his face is the MAN-
NER of speaking,both of which are FEs in the JUDGE-
MENT COMMUNICATION frame.

Subframes
Theothertypeof relationbetweenframeswhichis currently
representedin theFN databaseis betweena complex frame
andseveralsimplerframes(subframes) which constituteit.
We call this framecomposition,by which we meanthesit-
uationin which a complex frameis madeup of partswhich
arealsoframes,aswith the scenariosmentionedearlier in
connectionwith the REPLACEMENT frame. This is true of
a large family of EXCHANGE frames,in which ownership
relationsin onestagearereversedin a transitionof transfer-
ring ownership.Verbsincorporatingcausedeventsalsohave
subframesfor thecausingeventandthecausedeventandare
thusfurtherinstancesof framecomposition.

Thestructureof framesandsubframespositedfor acom-
plete picture of the Criminal Process,as we will suggest,
canbe quite complex. Subframesof the entireprocessin-
cludeArraignmentandTrial, but eachof thesein turn con-
tainsmultiple subframes,oftenwith differentconstellations
of participants.We areopento the possibility that we will
needto dealwith othertypesof relationsamongframes,but
havenot yet representedthemin ourdatabase.

The FrameNetProduct
TheFN databasecanbeseenbothasadictionaryanda the-
saurus. It is a dictionary in that eachlexical unit is pro-
vided with (1) the nameof its frame, (2) a definition, (3)
a valencedescriptionwhich summarizesthe attestedcom-
binatorial possibilities,and (4) accessto annotatedexam-
ples illustrating eachsyntacticpatternfound in the corpus
andthe kinds of semanticinformationinstancedwith such
patterns.(Severalmoretechnicaltypesof dictionaryinfor-
mationaremissing,suchasetymologyandvariousword-
subclassdetails.)It is a thesaurusin that,by beinglinkedto
frames,eachword is directly connectedwith otherwordsin
its frame(s),andfurtherextensionsareprovidedby working
out thewaysin which a word’s basicframesareconnected
with otherframesthroughrelationsof inheritance(possibly
multiple inheritance)andcomposition.

The FrameNetdatabaseprovides a greatdeal of infor-
mationnot includedin familiar dictionaries. Considerthe
CHANGE OF LEADERSHIP frame, which characterizesthe

lying “cases”(a.k.a. thematicroles),whereastheaccumulationof
semanticrelationsin FrameNetis moredeliberatelyinductive - if
only to avoid wastingtimetrying to decidewhichof somestandard
list shouldbedistortedto cover somenew relationship.



appointmentof a new leaderor removal from office of an
old one,
 andwhoseFEsinclude: SELECTOR, the beingor
entity thatbringsaboutthechangein leadership(in thecase
of a democraticprocess,theelectorate);OLD LEADER, the
personremovedfrom office; OLD ORDER, thepolitical or-
der thatexistedbeforethechange;NEW LEADER, theper-
son appointedto office; and ROLE, the position occupied
by the new or old leader. Someof the words that belong
to this framedescribethesuccessfulremoval from office of
a leader(e.g. overthrow, oust,depose), othersonly the at-
tempt (e.g. uprising, rebellion). This frame inherits from
the more abstractREPLACEMENT frame discussedabove,
with thePLACE furtherspecifiedasan(abstract)positionof
political power, andtheX � andX � narrowedto humansor
political entities.

Comparethis with the minimal informationprovided in
the online edition of the Merriam-WebsterDictionary and
Thesaurus(http://www.m-w.com) for the verb overthrow,
wherethe user learnsthat the definition of the word is to
causethe downfall of: BRINGDOWN, DEFEAT, andthat
somerelatedwordsaredepose, dethrone, oust,remove, un-
seat. Noexamplesentencesorsemanticinformationarepro-
vided.

Theresultingannotationdatabasehasbeenprovidedwith
a powerful searchengine,calledFrameSQL,developedby
Hiroaki Sato,which givesa web interfaceto the MySQL
database.FrameSQLhasalsobeenextendedin certainways
by the recognitionof certainkinds of words (e.g. support
verbs, transparentnouns); it allows subtle queriesabout
lexical collocations,grammaticaltagging, frame-semantic
differencesamongrelatedwords,andselectionof support
verbsfor eventnouns.

Criminal Process:A Full Exampleof
Annotation and Representation
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Figure1: The CRIMINAL PROCESS frameandsomeof its
subframes

TheFrameNetprojectis currentlyworkingonaverycom-
plex backgroundframecalledCRIMINAL PROCESS, which

containsmany subframes,aspartof our analysisof texts in
thecrimedomain.Thedefinitionof theframeis asfollows:

CRIMINAL PROCESS

A SUSPECT is arrestedby an AUTHORITY on certain
CHARGES, then is arraignedasa DEFENDANT. If at any
time the DEFENDANT pleadsguilty, thenthe DEFENDANT
is sentenced,otherwisetheDEFENDANT firstgoesto trial. If
the VERDICT after thetrial is guilty, thenthe DEFENDANT
is sentenced.In theend,theDEFENDANT is eitherreleased
or is givena SENTENCE by a JUDGE at thesentencing.

Theframeelementsaredefinedlike this:

COURT This FE identifiesthe court in-
volvedin a trial.

PLACE This FE identifies the place
wheretheeventoccurs.

TIME ThisFEidentifiesthetimewhen
theeventoccurs.

DEFENDANT The DEFENDANT is charged
with anoffense.

JUDGE The JUDGE heads the court
where arraignmentoccurs and
thecaseis tried.

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

CHARGES This FE identifies the Charges
broughtagainsttheDefendant.

DEFENSE TheDEFENSE representsthein-
terestsof theDEFENDANT.

JURY This FE identifies the people
who are charged by the Court
to listen to the testimony, ev-
idence, and arguments, and
cometo a consensusabout the
guilt or innocenceof the DE-
FENDANT.

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

In addition to having a fairly large numberof FEs, the
CRIMINAL PROCESS frame,asits namesuggests,represents
a complex processwith many parts. Theseare treatedin
FrameNetassubframes.Fig. 1 shows partof thesubframe
structure.The stagessuchasarrest,arraignment,andtrial
are subframesof CRIMINAL PROCESS and someof them
(suchasARRAIGNMENT) havesubframesof theirown. The
FE-to-FElinks are not shown, but it shouldbe clear that
the personreferredto asthe SUSPECT in the Arrest frame
is identifiedwith theDEFENDANT in theTRIAL frame,that
(if justice is done)this will also be the OFFENDER in the
OFFENSE frame,etc.

One stepin the processdepictedhereis the arrestof a
suspect.We have a framecalledARREST, which includes
the verb apprehend. So part of the work of FrameNeton
the ARREST framewill be to collectcorpussentencescon-
tainingapprehendandannotatethemwith FEssuchasAU-
THORITIES (thosewith the power to arrest),SUSPECT (the



person(s)who arearrested),CHARGES (thenameof theof-
fense	 which the Suspectis to be chargedwith), andmore
generalFEssuchasPLACE andTIME.

Fig. 2 shows the FrameNetannotationsoftware in use.
TheuserhasselectedthesentenceIn July last year, a Ger-
manborder guard apprehendedtwo Irishmenwith Kalash-
nikov assaultrifles, and has marked the FEs TIME, AU-
THORITIES, and SUSPECT. The resultingFE annotations
canbedisplayedin a bracketednotationlike this:

[ �
����� In July last year] [ ������������������� � a German bor-
der guard] apprehended�
!"��#��$� [ % ��� &'� ()� two Irishmenwith
Kalashnikov assaultrifles].

A DAML+OIL representationof FrameNet
The World Wide Web (WWW) containsa large amountof
informationwhich is expandingat a rapidrate.Most of that
informationis currentlybeingrepresentedusingtheHyper-
text MarkupLanguage(HTML), which is designedto allow
web developersto display informationin a way that is ac-
cessibleto humansfor viewing via web browsers. While
HTML allows usto visualizetheinformationon theweb,it
doesn’t providemuchcapabilityto describetheinformation
in waysthat facilitatethe useof softwareprogramsto find
or interpretit. TheWorld WideWebConsortium(W3C)has
developedthe ExtensibleMarkup Language(XML) which
allows information to be more accuratelydescribedusing
tags. As an example,the word crawl on a web site might
representanofflinesearch process(asin webcrawling) or an
expositionof a typeof animatemotion. Theuseof XML to
provide metadatamarkup,suchascrawl, makesthe mean-
ing of the work unambiguous.However, XML hasa lim-
ited capabilityto describetherelationships(schemasor on-
tologies)with respectto objects.Theuseof ontologiespro-
videsa very powerful way to describeobjectsandtheir re-
lationshipsto otherobjects. The DAML languagewasde-
velopedasanextensionto XML andtheResourceDescrip-
tion Framework (RDF). The latestreleaseof the language
(DAML+OIL) providesa rich setof constructswith which
to createontologiesandto markupinformationso that it is
machinereadableandunderstandable.

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

<?Xml version=’1.0’ encoding=’ISO-8859-1’?>

<!DOCTYPE uridef[

<!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-

ns">

<!ENTITY rdfs"http://www.w3.org/2000/01/rdf-schema">

<!ENTITY xsd "http://www.w3.org/2000/10/XMLSchema">

<!ENTITY daml"http://www.daml.org/2001/03/daml+oil">

]>

<rdf:RDF

xmlns:rdf = "&rdf;#"

xmlns:rdfs = "&rdfs;#"

xmlns:xsd = "&xsd;#"

xmlns:daml = "&daml;#"

>

Soin this document,therdf: prefix shouldbeunderstood
as referring to things drawn from the namespacecalled
http://www.w3.org/1999/02/22-rdf-syntax-ns#. This is a
conventional 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 declaration says that in this document, el-
ements prefixed with daml: should be understoodas
referring to things drawn from the namespacecalled
http://www.w3.org/2001/03/daml+oil#. This againis a con-
ventionalDAML+OIL declaration.We usetheXML entity
model to useshortcutswith referring to the URIs.6 The
otherDAML+OIL ontologiesusedin theFrameNetdescrip-
tion include the DAML-S (http://www.daml.org/services)
service ontologies, the OpenCYC daml ontology (http://
www.cyc.com/2002/04/08/cyc.daml), and the SRI time
ontology (http:// www.ai.sri.com/ daml/ontologies/
sri-basic/1-0/Time.daml) which is currently being re-
vised with the new DAML+OIL time ontology effort.
http://www.icsi.berkeley.edu/snarayan/frame-2.damlhasa
completenamespaceandimportedontologylist.

The most generalobjectof interestis a frame. We de-
fine the FRAME classasa daml:unionOfa BACKGROUND-
FRAME class (such as CRIMINAL PROCESS frame) and
a LEXICALFRAME class (such as the ARREST frame).
We then definea bunch of bookkeepingpropertieson the
FRAME class. An exampleof the namepropertyis shown
below.

<daml:Class rdf:ID="Frame">

<rdfs:comment> The most general class </rdfs:comment>

<daml:unionOf rdf:parseType="daml:collection">

<daml:Class rdf:about="#BackgroundFrame"/>

<daml:Class rdf:about="#LexicalFrame"/>

</daml:unionOf>

</daml:Class>

<daml:ObjectProperty rdf:ID="Name">

<rdfs:domain rdf:resource="#Frame"/>

<rdfs:range rdf:resource="&rdf-schema;#Literal"/>

</daml:ObjectProperty>

Rolesare relationsdefinedon framesrangingover the
specifictypeof thefiller. Weusedaml:objectPropertyto de-
fine therolesof a frame. Thedomainof a role is its frame.
We leave the type of the filler unrestrictedat this level, al-
lowing specificrolesto specializethis further. Notethatwe

6Notethatall URIs areglobally scoped,sowithout this theen-
tire pathhasto bespecified.



Figure2: Annotationof a sentencein theARREST frame.

usethedaml:samePropertyAsrelationto specifysynonyms.
Thefragmentbelow specifiesthatFrameElement,Role,and
FE aresynonyms.

<daml:ObjectProperty rdf:ID= "role">

<rdfs:domain rdf:resource="#Frame"/>

<rdfs:range rdf:resource="&daml;#Thing"/>

</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="frameElement">

<daml:samePropertyAs rdf:resource="#role"/>

</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="FE">

<daml:samePropertyAs rdf:resource="#role"/>

</daml:ObjectProperty>

Weusethevariousdamlconstructsdaml:maxCardinality,
daml:minCardinality, daml:cardinalityQ, etc. to specifycar-
dinality restrictionson the fillers of a role property. The
markupfragmentbelow shows the specificationof a single
valuedrole.

<daml:ObjectProperty rdf:ID= "singleValuedRole">

<rdfs:domain rdf:resource="#Frame"/>

<rdfs:range>

<rdfs:subClassOf>

<daml:Restriction daml:maxCardinality="1">

<daml:onProperty rdf:resource="#Role"/>

</daml:Restriction>

</rdfs:subClassOf>

</daml:Class>

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

CESS isoftencapturedbyasetof bindingsbetweenframeel-
ements(suchasthearrestedpersonis thesameindividualas
thepersonchargedwho is thesameindividualasthedefen-
dantin acriminalprocess).To capturesuchbindings,wein-
troducea specialrelationcalledbindingRelationwhosedo-
mainandrangeareroles(fromthesameordifferentframes).

<daml:ObjectProperty rdf:ID="bindingRelation">

<rdfs:domain rdf:resource="#Role"/>

<rdfs:range rdf:resource="#Role"/>

</daml:ObjectProperty>

By far the most importantbinding 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 does not allow propertiesto be defined
over other properties. We use the DAML-S service
ontology (http://www.daml.org/services)primitive daml-
s:sameValuesASto specifytheidentify relations.

<daml:ObjectProperty rdf:ID="identify">

<rdfs:subPropertyOf rdf:resource="#bindingRelation"/>

<rdfs:domain rdf:resource="#Role"/>

<daml-s:sameValuesAs rdf:resource="#rdfs:range"/>

</daml:ObjectProperty>

In FrameNet,a framemay inherit (A ISA B) from other
framesor beacompositionof asetof subframes(whichare
framesthemselves).For instance,aneventframeCRIMINAL
PROCESS may have subframesthat correspondto various
stages(ARREST, ARRAIGNMENT, CHARGE, etc.).7

7ThesubFrameOfrelationhasadirecttranslationto aricherse-
manticrepresentationthat is ableto modelandreasonaboutcom-
plex processes(suchasbuying, selling,reservingtickets)andser-



<daml:ObjectProperty rdf:ID="subFrameOf">

<rdfs:domain* rdf:resource="#Frame"/>

<rdfs:range rdf:resource="#Frame"/>

</daml:ObjectProperty>

A centralrelationbetweensubframesis oneof temporal
ordering. We useprecedes(in fact we have both tempo-
ralOrdering(transitive precedes)and precedes(immediate
precedes))to encodethis relationbetweensubframes.

<daml:ObjectProperty rdf:ID="precedes">

<rdfs:domain rdf:resource="#subFrame"/>

<rdfs:range rdf:resource="#subFrame"/>

</daml:ObjectProperty>

We can define a property temporalOrderingthat is the
transitiveversionof precedes.

daml:TransitiveProperty rdf:ID="TemporalOrdering">

<rdfs:label>TemporalOrdering</rdfs:label>

</daml:TransitiveProperty>

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

FrameElementsmayalsoinherit from eachother. Weuse
therdfs:subPropertyOf(rdfs is thereferenceto rdf-schema)
to specify this dependences.For example, the following
markupin DAML+OIL specifiesthat the role (FrameEl-
ement) MOTHER inherits from the role (FrameElement)
PARENT. Note we can add further restrictionsto the new
role. For instance,we may want to restrict the filler of the
MOTHER to befemale(asopposedto animalfor PARENT).

<daml:ObjectProperty rdf:ID="mother">

<rdfs:subPropertyOf rdf:resource="#parent"/>

<rdfs:range rdf:resource="#Female"/>

</daml:ObjectProperty>

With thesebasicframeprimitives,wearereadyto look at
theCriminal Processexample.

An Example: The Criminal ProcessFrame
Thebasicframeis the CRIMINAL PROCESS Frame. It is a
typeof backgroundframe.CP is usedasashorthandfor this
frame.

<daml:Class rdf:ID="CriminalProcess">

<rdfs:subClassOf rdf:resource="#BackgroundFrame"/>

</daml:Class>

<daml:Class rdf:ID="CP">

<daml:sameClassAs rdf:resource="#CriminalProcess"/>

</daml:Class>

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

viceson the web. While thedetailsof the representationareout-
side the scopeof the this paper, the interestedreadercan look at
(Narayanan& McIlraith 2002)for anexpositionof themarkuplan-
guageandits operationalsemantics.

theserolesmay have a filler with a specificsemantictype
restriction.FrameNetdoesnotspecifytheworld knowledge
andontologyrequiredto reasonaboutFrameElementfiller
types.We believe thatoneof thepossibleadvantagesin en-
codingFrameNetdatain DAML+OIL is that asandwhen
ontologiesbecomeavailableon theweb(suchasOpenCYC
at http://www.cyc.com/2002/04/08/cyc.daml), we can link
to themfor this purpose.

In theexamplefragmentbelow weshow theusetheCYC
Court-Judicialcollection to specify the type of the court
andthe CYC Lawyer definition to specify the type restric-
tion on the frame elementDEFENSE. 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 defined in the example ontol-
ogy. This restrictionusesthe DAML+OIL examplefrom
http://www.daml.org/2001/03/daml+oil-ex)

<daml:ObjectProperty rdf:ID="court">

<rdfs:subPropertyOf rdf:resource="#FE"/>

<rdfs:domain rdf:resource="#CriminalProcess"/>

<rdfs:range rdf:resource="&CYC;#Court-Judicial"/>

</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="defense">

<rdfs:subPropertyOf rdf:resource="#FE"/>

<rdfs:domain rdf:resource="#CriminalProcess"/>

<rdfs:range rdf:resource="&CYC;#Lawyer"/>

</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="defendant">

<rdfs:subPropertyOf rdf:resource="#FE"/>

<rdfs:domain rdf:resource="#CriminalProcess"/>

<rdfs:range rdf:resource="&daml-ex;Person"/>

</daml:ObjectProperty>

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 anony-
mous subclassrestrictionson the criminal processclass
(see http://www.daml.org/2001/03/daml+oil-ex for exam-
ples) or b) we could name each individual constraint
(and thus obtain a handle onto that property). We
chosethe later method in our DAML+OIL encodingof
FrameNet to allow users/programsto query any 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.org/services/daml-
s/2001/10/rationale.htmland also (Narayanan& McIlraith
2002)for moreinfo).

<daml:ObjectProperty rdf:ID="prosecutionConstraint">

<rdfs:subPropertyOf rdf:resource="#identify"/>

<rdfs:domain rdf:resource="#CP.prosecution"/>

<rdfs:range rdf:resource="#Trial.prosecution"/>

</daml:ObjectProperty>

<daml:ObjectProperty rdf:ID="defendantConstraint">

<rdfs:subPropertyOf rdf:resource="#identify"/>



<rdfs:domain rdf:resource="#CP.defendant"/>

<rdfs:range+ rdf:resource="#Arrest.suspect"/>

</daml:ObjectProperty>

Subframesof the CRIMINALPROCESS framearedefined
by their type (LexicalFrameor a BackgroundFrame).For
example,ARREST andARRAIGNMENT areLexical Frames
while TRIAL is a BackgroundFrame(all are subframesof
CRIMINALPROCESS. We subtypethe subFrameOfprop-
erty to specifytheindividual subframerelations(shown be-
low for therelationsubframeOf(CriminalProcess,Arraign-
ment)).

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

<rdfs:comment> A subframe </rdfs:comment>

<rdfs:subClassOf rdf:resource="#LexicalFrame"/>

</daml:Class>

<daml:Class rdf:ID="Arraignment">

<rdfs:comment> A subframe </rdfs:comment>

<rdfs:subClassOf rdf:resource="#LexicalFrame"/>

</daml:Class>

<daml:Class rdf:ID="Trial">

<rdfs:comment> A subframe </rdfs:comment>

<rdfs:subClassOf rdf:resource="#BackgroundFrame"/>

</daml:Class>

<daml:ObjectProperty rdf:ID="arraignSubFrame">

<rdfs:subPropertyOf rdf:resource="#subFrameOf"/>

<rdfs:domain rdf:resource="#CP"/>

<rdfs:range rdf:resource="#Arraignment"/>

</daml:ObjectProperty>

To specifythetherelationprecedes(Arrest,Arraignment)
we restrictthepropertyprecedeswithin (thedomainof) the
ARREST frameto have asoneof its rangevaluestheframe
(class)ARRAIGNMENT. This is doneusingthepropertyre-
strictionfeaturewith DAML+OIL asfollows.

<daml:Class rdf:about="#Arrest">

<rdfs:subClassOf>

<daml:Restriction>

<daml:onProperty rdf:resource="#precedes"/>

<daml:hasClass rdf:resource="#Arraignment"/>

</daml:Restriction>

</rdfs:subClassOf>

</daml:Class>

With this markupof the ontology, we cancreateannota-
tion instancesfor exampleswith targetsthat belongto the
CRIMINALPROCESS (or its associated)frames. Consider
theannotationexamplein theprevioussection.

[ �
����� In July last year] [ ������������������� � a German bor-
der guard] apprehended�
!"��#��$� [ % ��� &'� ()� two Irishmenwith
Kalashnikov assaultrifles].

Shown below is our DAML+OIL representationfor the
sentence,viewedasaninstantiationthatusestheFrameNet
framefor ARREST.8

8The Annotationobject hasadditionalpropertiesthat specify
text indices,andallow for arbitrarytext tagsto beplacedonvarious
partsof the annotatedsentence.For easeof exposition,we only
show theframeelementrelevantannotation;syntacticinformation

<fn:Annotation>

<tpos> "36352897" </tpos>

<frame rdf:about ="&fn;Arrest">

<time> In July last year </time>

<authorities> a German border guard </authorities>

<target> apprehended </protagonist>

<suspect>

two Irishmen with Kalashnikov assault rifles.

</suspect>

</frame>

</fn:Annotation>

At thecurrentstage,wehaveconvertedall of FrameNet1
data(annotationsand frame descriptions)to DAML+OIL.
The translatorhas also beenupdatedto handlethe more
complex semanticrelations(both frameandframeelement
based)in FrameNet2. Weplanto releaseboththeXML and
theDAML+OIL versionsof all FrameNet2 releases.

Conclusion
The World Wide Web (WWW) containsa large amountof
information which is expandingat a rapid rate. The in-
formationcontainedencompassesdiverserangesandtypes
of data,from structureddatabasesto text. While XML al-
lows for the specificationof metadataasa meansto spec-
ify the structureandsyntaxof a URL, it doesnot provide
muchcapabilityto describethesemanticrelationsbetween
the differentpiecesof informationin a mannerthat canbe
exploitedby softwareprogramsfor automationor interpre-
tation.DAML+OIL is awidely usedlanguagerelatedto the
SemanticWebinitiative (http://www.semanticWeb.org) that
is poisedto remedythis situation. The DAML+OIL lan-
guageis beingdevelopedasan extensionto XML andthe
ResourceDescriptionFramework (RDF). Thelatestrelease
of the language(DAML+OIL) providesa rich set of con-
structswith which to createontologiesandto markupinfor-
mationsothatit is machinereadableandunderstandable.

This rapid growth of the web alsoengendersa needfor
sophisticatedtechniquesto representlexical andsensedis-
tinctions in a machinereadableand interpretablemanner.
The FrameNetdatabasedocumentsthe rangeof semantic
and syntacticcombinatorypossibilities(valences)of each
word in eachof its senses,throughmanualannotationof ex-
amplesentencesandautomaticsummarizationof theresult-
ing annotations.We believe that FrameNetoffers promise
asa potentialresourceto aid in theautomaticidentification
anddisambiguationof wordmeaningson thesemanticweb.

This paperdescribedan encodingof FrameNetdata in
the DAML+OIL language. FrameNet1 (both frame de-
scriptionsandannotations)hasalreadybeentranslatedinto
DAML+OIL, and we reportedon the updatedtranslator
which translatesthe richer setof frameandframeelement
relationsin FrameNet2 to DAML+OIL.

With periodic updatesas the FrameNetdata increases,
we expect the DAML+OIL encodingof FrameNetto be-
comeuseful for variousapplicationson the semanticweb.
Conversely, as the setof DAML+OIL ontologiesmatures,

is taggedin a similar manner. Partial annotationsof the sentence
arepossiblewith otherframe-bearingwordstakenastarget.



FrameNetcandirectly link to thesemanticwebto incorpo-
ratedomain-specific

,
informationincludingsemantictyping

of frameelements.
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