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Abstract. This paperpresentsa corpus-tasedmethodfor extract-
ing semanticrelationsbetweenwords. The methodis basedon two
sequentiaprocedires.First, it automaticallyclassifiessyntacticde-
pendemiesaccordingo their selectiorrestrictions Thosedepenén-
ciesthatrequirethe sameselectionrestrictionsareput togetherinto
the samesemanticgroup. Then, interpretationrules are appliedon
the classifiedsyntacticdepen@ncies,in orderto learnthe specific
semantiaelationsundelying syntacticallyrelatedwords.

1 Introduction

The main aim of this paperis to describea corpus-basedpprach
to automaticallyextract semanticrelationshipsbetweenwords. Our
methodis basedon the assumfion thatsyntacticdepermenciescon-
tain conceptubregularitiesunderlying semanticrelations.This as-
sumptionis motivatedby theobsenationthatsyntacticdepen@ncies
provide informationon the semantiaelationsbetweerthe concepts
(or meanings}herelatedwordsdenote[18].

Theapproachs characterisethy the following propertiesOn the
onehand,it is basednaknowledgepoorlearningstratgy [9], since
pre-encoed semanticinformation from external lexical resources
(e.g.,machine-readbledictionarieshandcaftedthesauri, . .) is not
requiredIn particular our methodrelieson anunsupevisedstratgy
for clusteringsemanticallysimilar syntacticdepenencies.This al-
lows usto identify andputtogethethosesyntacticdependaciesthat
presuppsesimilar semantiaelationshipsSucha methodis closeto
someaspectof the clusteringstratgy usedin the ASIUM system
[4].

On the other hand, we do not need to previously define
a set of lexico-syntactic patternsto extract semantic relations
between words. In [10], patternslike NP suchas{NP,...},
NP specially {NP, ...}, andsoon, areusedto identify relationsof
hyperorymy. Work by [2] is ableto identify merorymic relationsus-
ing NP of the NP and NP ina N P patternsSuchmethodsmay
have goodperformancen aparticulardomain,but the costof adapt-
ing the patterngo anewv domaincanbetoo hard[15]. Moreover, the
scopeof thesepatternsis ratherlimited. Insteadof lexico-syntatic
patternspur methodprovidesa setof symbolicinterpretatiorrules.
Theserulesareableto mapsyntacticdepemenciesonto the seman-
tic relationsthatwill be usedto thesauruslesign.Someof theideas
underlyingthe mappingrules are not far from someaspectof the
approacksto semantidnterpretatiorintroducedin [18, 1].
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This paperis organisedasfollows. We startby describingin sec-
tion 2 the internalstructureof syntacticdepermencieshow they are
identified from large corpora,aswell ashow they are clusteredin
semanticgroups.In particular we put togetherthosedependacies
sharingthe sameselectionrestrictions Then,section3 describeghe
interpretatiorrulesusedto mapsyntacticdepemenciesonto seman-
tic roles. The semantiaoleswe usedasoutputof the mappirg rules
arenotlimited to thefour qualiarolesof the Generatie Lexicon The-
ory [16]. Then,section4 outlinesthe main organisingelementsve
needto designa particularrelationalthesaurusSpecialattentionwill
be paidto therepresentationf polysemos words,aswell asto the
comparisonbetweenour organisingprinciplesand the basicstruc-
ture of WordNet.Finally, in section5, we malke a brief introduction
of the applicationtasks(Information Retrieval and Robust Parsing)
onwhichourmethodis beingevaluated A moreaccuratelescription
of theseapplicationtasksis beyond the scopeof the article.

The experimentspresentedn this paperwere performedon 1,5
million of wordsbelongirg to the P.G R. (PortugueseGeneal Attor-
ney Opiniong corpuswhich is adomain-speific Portugueseorpus
containingcase-lav texts. The fact of usinga domain-speific cor-
pusmalkeseasierthelearningtask,giventhatwe have to dealwith a
limited vocahlulary with reducedpolysemia.

2 Extracting Semantically Similar Syntactic
Dependencies

We attemptto identify anddescribehesemantiaelationsembeded
in syntacticdependacies.For this purpase, we startby extracting
syntacticdepen@nt words from partially analysedtext corpaa. In

orderto identify syntacticdepemenciesbetweenwords, we apply
a two-stepprocessFirst, we selectcandidatedepemenciesby tak-
ing into accountbasicsyntacticrules. Secondwe build clustersof

semanticallysimilar depemlenciesWe assumehatthosedepenén-
ciesthathave beenclusteredepresentrue syntacticrelations These
two different proceduresboth selectionof candidate syntacticde-
pendewgiesandclusteringof similar candidateswill be describedn

thefollowing subsectios.

2.1 Heuristicsto Select Candidate Dependencies

Theprocedurdor selectingcandichatebinarydepen@nciegakesinto
accountonly morpholaic and syntacticinformation. First, the cor-
pusis taggedby the part-of-speectiaggerpresentedn [13]. Then,
thetaggedcorpusis analysedn sequencgof basicchurks by using
someof thepotentialitiesof theshallov parsempresentedh [17]. The
parserprodues a single partial syntacticdescriptionof sentences,
which areanalysedassequenesof notrelatedbasicchurks (NP, PP
VP, ...). Finally, we usesimpleheuristicshasedon right association



in orderto attachbasicchunks: a chunktendsto be attachedo an-
otherchunkimmediatelyto its right. We considethattheword heads
of two attachedchunks form a candidatesyntacticdepen@ngy. It
canbeeasilyseenthat syntacticerrorsmay appearsinceattachmen
heuristicsdo nottake into accouniong distantdependacies® Given
that theseheuristicsrely on poordefinedlinguistic rules, the cor
rectnesf attachmentss not guarated. For reasonof attachmen
errors,it is aguedherethatthebinarydependaciesidentifiedby our
elementanheuristicaaremerehypotheeson attachmenthencethey
aremerecandidaes

Let’s describethe internal structureof a candidde dependacy
betweentwo words. A syntactic depenéng consists of two
wordsandthe hypotheticalgrammaticarelationshipbetweernthem.
We representa depen@ng/ as the following binary relation [8]:
(r; wlt, w2"), where

e 7 canbeinstantiatedy specificgrammaticamarkerssuchaspar
ticular prepositionssubjectrelations directobjectrelations.etc.;

e arrovs“t” and“™ representhe Head and Complemenposition,
respectiely;

e wl isthewordin theHeadpositionandw2 theword in the Com-
plementposition.

Binary depemlenciesdenotegrammaticalrelationshipsbetween
the Headandits Complemen They areasymmetriaelationshipsn
sucha way thatonly the syntacticpropertiesof the Headareinher
ited by the compositeconstructionNeverthelessin semantiderms,
both words-the Headandthe Complemeir seemto be interdepen-
dent: The Complementmustfill the semanticpreferencegi.e., se-
lectionsrestrictions)requiredby the Head,and the Headalso must
fill the semantigpreference (i.e., selectionrestrictions)requiredby
the Complemen We aguethata candidatedepenleny represents
a true syntacticrelationif, at least,one of thesesemanticrequire-
mentsis identifiedandverified. The following subsetion describes
how we checkwhethertwo candidateelatedwordsaresemantically
interdependnt.

2.2 Building Clusters of True Dependencies

We startby describingthe bi-directionalsemanticrequirementde-
tweenthe two syntacticpositionsconstitutinga depeneng. Then,
we describehow syntacticpositionscanbe comparedandthenclus-
teredforming semanticgroups. Finally, we explain how this infor-
mationis usedto validate candidatedepemlencies More precisely
acandichtedepeneng is considereda truerelationif, atleast,one
of the two internal syntacticpositionsis involved in semanticclus-
tering. This mustbe usedasevidenceto identify syntactico-semait
relationships.

2.21 Co-Restriction

In most linguistic researcha syntactic dependacy betweentwo

words is semanticallydescribedas a simple restriction. The Head
is viewed asthe word thatimposessemanticconstraints(selection
restrictions)on the Complementwhich mustfill suchconstraints.
While the Complements syntacticallyandsemanticallydependent,
the Headkeepshoth a high degreeof syntacticandsemanticauton-
omy. Neverthelessrecentlinguistic researchassumeghat the two

8 The errorsarecauwsed,not only by the too restrictive attachmentheuristc,
but also by further misleadngs, e.g.,words missingfrom the dictionary
wordsincorrectly tagged othersortsof parsedimitations, etc.

wordsrelatedby a syntacticdependacy are mutually restrictedby
semanticonstraintg16, 6]. We call theprocesof mutualrestriction
betweentwo relatedwords “co-restriction”. Co-restrictionis based
onthefactthateachwordin asyntacticdepen@ng/ bothimposesse-
manticrestrictionsandmatchesemantiadequirementst-or instance,
considerthe expressionfase da evoluc, ao (phaseof the evo-
lution), which occursin corpusP.G.R We assumethat the candi-
date syntacticdepemience (de; fase', evolugao®) extractedfrom
that expressionis semanticallywell-formed if, at least,one of the
following two condtions are verified: either the word evoluc, ao
(evolution) fills the selectiongrestrictionsimposedby the Head,or
thewordfase (pha<) fills theselectiorrestrictionamposedby the
Complement.

Theseconditionsaddresgshe problemof identifying selectionre-
strictions.For this purpcse,we aim at identifying both syntacticpo-
sitions requiring similar selectionrestrictions,and thosewords ap-
pearingin similar syntacticpositions.In thefollowing, we introduce
themainassumptionsf this strateyy.

2.22 Similar Syntatic Positions

Consideragainthe expressiorfase da evoluc, ao (phaseof the
evolutior). Let's note [Az"(de; faset, z™)] the syntactic position
filled by the words appearingas Complement®f fase , within the
grammaticaldepen@ng introducedby prepositionde. And let's
note [Az*(de; x*, evolucao™)] the syntacticposition filled by the
words appering as Headsof evoluc, ao, within the depemleny
introducedby the samepreposition.In corpusP.G.R the wordsap-
pearingin theposition[\z" (de; fase*, )] referto entitiesdescrib-
ing somekind of processor action, such as: execuc, ao (execu-
tion), investigac , ao (investigation, trabalho  (work), etc.On
theotherhand thewordsappearig in [Az*(de; z*, evolugiao™)] re-
fer to temporalor modal partsof processesmomento (momeny,
per iodo (period), resultado  (resul), fim (end, etc. As has
beensaid,not only the Headseemdo semanticallyrestrictthe type
of its Complementput alsothe Complemensomehowrestrictsthe
semantiaype of theHead.

Following ideas presentedin ([5, 4]), we assumethat two
different syntactic positions are semantically similar and, then,
impose the same selection restrictions, if they require simi-
lar sets of words, i.e., if they have the same word distribu-
tion. Our algorithm usesa weighted Jaccardcoeficient to mea-
sure similarity betweenword sets(see[7] for details). Note that
we do not measuresimilarity betweensingle words by com-
paring their syntactic distribution ([9, 12]. Rather we measure
similarity between syntactic positions by comparing their word
distribution. In our corpus, the distribution of words appear
ing in the syntactic position [Az'(de; fase*, z")] is similar to
the distribution of words appearingin: [Az*(em;z*, curso’)],
[Az*(de; periodo*, z1)], [A\a* (de; resultadot, )], corresponihg
to thetemporalexpressios em curso (in course, per iodo de
(periodof), resultad o de (resultof). Indeed thesesyntacticpo-
sitions seemto be semanticallyhomogeeous.Lik ewise, the distri-
bution of wordsappearingn [Az*(de; z*, evolugao™)] is similarto
the distribution of words appearingin: [Az*(de; z*, ezecugao®)],
[Az*(de; xt, investigagao®)] , [Azt(de;z*,trabalho')], which
correspondo the following event expressios: da execuc ao (of
the executior), da investiga ¢ao (dainvestigation, do tra-
balho (of the work), etc. Thesesyntacticpositionsturn out to be
semanticallyhomogenous.

The clusteringalgorithmpresentedn [7] put togetherboth sim-



ilar syntactic positions and the words associatedwvith them. Ta-
ble 1 shaws two different clusters: Clusterl, which is consti-
tuted by both the positions similar to [Az'(de; faset, z™)], and
the words having the higher distribution through thesepositions;
Cluster2, which is constitutedby both the positions similar to
[Azt(de; xt, evolugio™)], andthemostsignificantwordsdistributed
alongthesepositions.

Table 1. lllustrationof two clustes of similar positionsandrelatedwords

Cluster 1: {[AzT(de; fase’, zT)] [Azt (em; &t cursoT)]
[Azt (de; periodot, zT)] [AzT (de; resultadot, zT)]} =
{processo execuc, ao investigac ,@o trabalho }
(processexecutian investgation work)

Cluster 2: {[Az¥(de; «¥, evoluCaoT)] [Azt(de; a¥, ezecuCaoT)]
Azt (de; zt, investigaCaoT)] [Az* (de; xt, trabalho™)]} =
{fase momento per'iodo resultado  fim }
(phasemomenperiodresultfim)

Sincethe wordsdistributedalong similar syntacticpositionsrep-
resentthe extensioral descriptionof their semantiaestrictionsthey
tend to becomehomogeus semanticclasses.For instance,the
Complementwords {processo , execuc, ao , investi gacao,
trabalho ...} representheextension&descriptiorof theseman-
tic classrequiredby the Headfase , within the grammaticalrela-
tion introducel by de. Thus, they are good candidaesto become
co-hyporyms.

2.23 Chedking Candichte Dependacies

Informationon bi-directionalsemanticequirementgurnsout to be
very usefulfor checkingthe validity of the candidatedepenéncies
extractedby syntacticheuristics For example we decidewhetherthe
candidate(de; fase', evolugao®) is a correctsyntacticattachmen
only if, atleast,oneof thetwo following condtionsis verified: either
evoluc, ao belongsto Clusterl, or fase belongsto Cluster?2.

Table2. Truedependencesinferred from Cluste_ 1

(de; faset, processo’) (em; processot, cursol)

(de; periodot, processo®) (de; resultadot, processo™)

(phaseof the process processin course periodeof the processresultof the
proces$

(de; faset, execugioT) (em; execucio’, cursol)

(de; periodot, execucio’) (de; resultado®, ezecucio™)

(phaseof the execution, executionin course periodeof the exeaition, resultof
theexeation)

(de; fase®, investigagao®) (em; investigagao’, cursoT)

(de; periodot, investigag&ol’)(de; resultado’, investigag[wT)
(phaseof theinvestigation,investgationin course periodeof theinvestigaton,
resultof theinvestigaton)

(de; fase®, trabalhoT) (em; trabalho’, cursoT)

(de; periodo*, trabalho') (de; resultado’, trabalho™)

(phaseof thework, workin course periodeof thework, resultof thework)

Thatmeanghattwo wordsareconsideed assyntacticallydepen-
dentif, at least,one of them may be semanticallyrequiredby the
other As word fase is aword memberof Cluster2, we may infer
thatit is semanticallyrequiredby evolucdo. Both words are, then,
syntacticallyand semanticallyrelated.Indeed,a singlesemantiae-
striction may be usedasa significantevidence for establishinghat
two wordsaresyntacticallydepen@nt. On this basis,we canusethe
semanticrestrictionunderlying Clusterl, illustratedin Table 1, as

evidencefor consideringall depen@nciesof Table?2 astrue syntac-
tic relationships.

In summarythe procesof checkingwhethera candidae depen-
deng is atrue syntacticattachmenteadsus to put togetherdepen-
dencieshaving the samesemantiaequirementandthendescribing
the sameconcepual relations.As syntacticdependenciesareorgan-
isedin semanticallyhomagenousclusters we may mapthemto se-
manticrelationsin a more systematiovay. In the next section,we
describethe rulesandfilters we useto extract semantianformation
suchasconeeptualrelationsand semanticroles, from syntacticde-
penderies.

3 Mapping from Syntactic Dependenciesto
Semantic Relations

3.1 Meaning of Grammatical Relators

In the previous section,we explainedhow semanticregularitiesun-
derlying syntacticallyrelatedwords were usedto calculatesimilar
ity betweensyntacticdepemlenciesIn the following, our aim is to
describea methodfor extracting the specificsemanticinformation
carriedby syntacticdependeaies.

Researcton cogritive linguistics(e.g.,[11]) is laying greatstress
to the semantidnterpretatiorof syntacticrelators(e.g.,grammatical
functions prepaitions,...). Two oppositeapproacksto theseman-
tics of syntacticrelatorsareoftenreported Ontheonehand it is ar
guedthatsyntacticrelatorsareendaved with very schematicsenses
thatare elaboratedn contect. On the otherhand,it is claimedthat
they arepolysenmic, i.e., they have several relatedmeaningsin both
caseshowever, themostrelevantlinguistic taskis notto describeei-
thertheschematisenser therelatedmeaning®of asyntactiaelator
but either how the schematicsenseis elaboratedor how a specific
meaningis selectedIn particular mary works focuson enumerat-
ing and organisingthe linguistic information requiredto correctly
interpretthe specificmeaningof syntacticallyrelatedwords.On this
basis,we do not attemptto definethe meaningof syntacticrelators.
Rather we aim at defining how a syntacticrelator coopergeswith
otheravailablelinguisticinformation(e.g.,morphosytacticcateyory
of the relatedwords, their lexical content,co-textual data),in order
to interpretthesemantiaelationundelying two syntacticallydepen-
dentwords.

3.2 Linguistic Constraints and I nterpretation
Rules

Interpretationrules map syntacticdepen@nciesonto semanticrep-
resentationdn particulay they areableto extractsemantidnforma-
tion by taking into accountdifferentinternal aspectsof depen@n-
cies,suchasfor instancesyntacticrelators,morphosytactic mark-
ers,etc. Theseinternalaspectareviewedby theinterpretatiorrules
asconstraintdiltering semantiaepresentationsSeparatelynoneof
theconstraintgs ableto filter asinglemeaningput whenthey areput
togethertheirfiltering activity becomesnoreefficient. For example,
prepositionde (of/by) is hardly associatedo somekind of semantic
informationsinceit is too muchambigwus.However, whenfurther
informationon the Headandthe Complementelatedby the prepo-
sition is available,a compositionalsemantidnterpretationbecomes
possible.

Thedegreeof specificatiorof thesemantianformationassociated
to syntacticdepen@nciesrelieson the type of linguistic constraints
usedby theinterpretatiorrules.Sincewe donotdisposeof lexical re-
sourceswe only considetthefollowing threetypesof constraints(1)



syntacticrelators(subject,direct object,and prepasitions); (2) mor-
phosyracticcatgoriesof thetwo relatedwords(verbandnoun); /3)
presencer absewe of determinanin the Complemen Thesecon-
straintsare put togetherin orderto build “grammaticalpatterns”of
syntacticdependacies. For instance we usethe notationde+ for
representinghe patternconstitutedby: (1) prepositionde; (2) pres-
enceof thedetermineibeforethe Complemetf (3) the Headandthe
Complementareboth nouns.If the determinelis not presentefore
the Complemen, we usethe notationde—. Whenthe symbds “+”
and“-" areremoved from the pattern,the determinercanbe either
presenbr absentln casethe Headis a verb andthe Complemenha
noun,we noteiobj_de. Thereare alsopatternswithout prepostion,
namelysubj anddobj, which describerespectiely the relation of
subjectanddirectobjectbetweena verb (the Head)anda noun(the
Complement}.

Let'stake anexample.Consideitheexpressionsesultado da
nomeagcao, (resultof the nominatior), nomeacao do presi-
dente (nominationof thepresiden), andgabinete  do pres-
idente (presidert'soffice) . At thegrammaticalevel, thethreeex-
pressiongontainpatternde+. In Portuguesethe semantidnterpre-
tationof this patternseemdo becloseto thevery abstractelationof
possessionmore precisely the Complemeh mustbe viewed asthe
“possessd’ of theHead.Hencewe mayinfer thatnomeagao is the
possessoof resultado  (i.e.,nominatiors have results)aswell as
president e isthepossesorof nomeacao andgabinete (i.e.,
presidentshave nominatiors and offices). Note that if a particular
constraintis changd, thenthe meaningof the patternmay vary in
asignificantway. For instancejf the determinemf the Complemen
is removed (i.e., if we have the patternde—), we canobtainalarger
rangeof semanticcontents:namely the reverserelation of posses-
sion(exposit or de vidro - standmadeof glas9, therelation
of hyperorymy (processo de nomeagcao - processof nomina-
tion), or even the notion of modality (dimens ao de vulto -
importantdimension. Likewise,if the Headis notanounbut averb
(i.e.,if we have the patterniobj_de), the Complemenappearsasbe-
ing an external participantof the eventdended by the verh Sucha
participant,calledhere“externaltheme”,is neithertheagentnor the
affectedpatient(i.e., internaltheme)of the event. Ratherit mayem-
bracethe notionsof transferredbject,instrumentcoadjuvantgoal,
etc.

Furtherinformation,suchasspecificlexical contentof therelated
words,co-textual data,etc.,couldalsobe usedasconstraintgo elab-
oratein amoreaccuratavay the meaningof depen@ntexpressiors.
In the following, interpretationruleswill be merely definedon the
basisof grammaticatonstraints.

3.3 The Semantic Space of the Interpretation Rules

The semantidnformationassociatedo grammaticalpatternss dis-
tributed along a scaleof gradientrelationalconceps, suchas hy-
perorymy, possessionlocation, modality, causality agentvity, etc.
Sincethereis no meandor clearly dividing theminto discretecom-
ponerts, the semanticspaceshouldbe essentiallyviewed asa con-
tinuum of fuzzy notions[11]. We muststresshe importanceof two
propertiesof this spaceFirst, interpretatiorrulesdo not mapgram-
matical patternsonto specificvaluesof the space put on a rangeof
neighbauring valuesorganisedarounda prototygcal core.Second,

7 Notethat we only usepaternsconstraning the Complanentto be a noun.
Verbalandclausalcomplementswerenot taken into acountby the attad-
ment heuristcs descrbed abose becaisetheir syntatic behaiour is not
trivial.

thelevel of specificatiorof the scalarvaluesis far from beingrigid,
it canbe changel andadaptedaccordingto the particularapplication
it will beusedfor.

Let's seeFigure 1, which depictstwo vertical axesandtwo hori-
zontalaxes.Eachaxisrepresentascaleof semanticdoles.Ontheone
hand theverticalaxes(notedC) containthesemantiaolesthatCom-
plementscanplay in variousgrammaticapatternsThe vertical axis
ontheleft representthescaleof roles(i.e., Hyperorymy, Possessed,
Possesspandso on) that we proposefor interpretingthe Comple-
mentsof syntacticdepemlenciesThe scaleon theright is organised
by thequaliaroles(i.e., Formal,Constitutve, Telic, Agentive) which
are describedin the Generatre Lexicon Theory [16]. Note that a
greatpartof thisscaleof valuesremainsunderspeified. Indeed only
“Constitutive” seemdo be adequée to characteris¢he possiblese-
manticrolesthatComplemets canplay in thegrammaticapatterns.
Thisleadsusto infer thatthe semanticspaceorganisedoy thequalia
rolesis not specificenoudn to be usedin the processof interpreting
syntacticdepen@ncies.

Ontheotherhand Figurel depictstwo horizontalaxes(notedH),
containingthe semanticrolesthat the Headscan play in the gram-
maticalpatternsThe axissituatedat the bottomcontainsghe seman-
tic rolesthatwe proposeto interpretthe Headsof syntacticdepen-
denciesthatis, Hyperaiym, PossesspPossessed,ocated Effect,
Purposeetc. They arecomplemetary to thevaluesappearingn the
scaleof Complemets (the vertical axis on the left). The axis at the
topis organisedoy thequaliaroles.Eventhough it is moreelaborate
thatthe scaleof Complementsi still containsseveralundespecified
zones.

Figure1l canbe conceved asthe visual counterparof the inter
pretationruleswe definefor somePortuguesgrammaticapatterns.
In this figure,grammaticapatternsarerepresentedssquareccu-
pying someregionswithin the semanticspaceThelargerthe sizeof
the squarethe more abstracthe semanticcontentassociatedo the
pattern Considerfor example thespatialregion representinghe se-
mantic valuesof patternde—. This region embracs a large range
of values:it goesfrom Hyporym to Modality, evenif therolesex-
tractedfrom the relationof possessioshouldremainmoretypical.
Concerningthe scalesorganisedby the qualiaroles, it occipiesthe
large region attributedto the Formal and Constitutve roles. Pattern
subj, which describeshe relation of subjectbetweena verb (the
Head)anda noun (the Complement)alsoembraces large amount
of values:it occupieghe spacefrom Causeo InternalThemein the
scaleof Complemets. By contrastsomeof the patternamay be as-
sociatedto smallregionsof values.For instance patternsa+, de+,
andpara aremappedboth onto the specificrole “Possessorin the
scaleof Complementandonto therole “Possessedin the scaleof
HeadsLikewise,patterndobj merelyoccupieshe spaceassociated
to the role of Theme(external and internal) in the scaleof Com-
plementsNote alsothat the samesemanticregion canbe occuped
by a greatnumberof grammaticalpatternsfor instanceiobj_a—,
a—, iobj_em, em, iobj_sobre, sobre. All of themaremappedonto
the sameregion: the large spaceembracingthe relationof location,
which enclosesin the bourdariessomeaspectsof possessiorand
modality

The syntactico-smanticinformationdisplayedby Figure1l is or-
ganisedn a symbolicway by meansof interpretatiorrulessuchas:

r=Possessed ;y=Possessor B4

[)\zl)\yT(de+;ml,yT)] or [)\a:l)\yT(aA—;ml,yT)] or [/\acl/\yT(para,;zl,yT)]

By meansof this rule, the Heads(expressedy the variablex) of
the patternsde+, a+, andpara are mappedonto the semantiaole
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“Possessedivhereaghe Complementgexpressedy y) aremapped
ontotherole “Possession”.

The schematicsemanticcontentobtainedby this kind of rules
(e.g.possessn, location, etc.),can be viewed asfilters driving the
interpretationof complex expressionsSpecificand elaboratenter-
pretationsmay be achieved only if we have accesgo more precise
constraintssuchaslexico-semantiénformationof the Headandthe
Complementaswell asfurthercontectua information.However, un-
likework by [18, 1], we do notusesuchrulesto interpretdepemlent
expressionsbut to describegenerabprinciplesorganisingthesaurical
relationsbetweerwords.In thefollowing sectionwe proposeanau-
tomaticmethodto build athesaurugrom corporaby organisingin a
principledway the semantiaelationsbetweenwords.

4 Thesaurus Design
4.1 Classetsand Semantic Relations

The structureof our thesauruss analogas, but not identical, to the
relationalorganisationproposedoy WordNet[14]. In WordNet,the
basicsemantiagelationbetweerword formsis synorymy. Two words
areconsideredassynorymsif they have the samemeaningin a par

ticular context. Synoryms aregatheredn synsetswhich aresetsof

wordslinked by acomma contetual meaning A synsetdo not ex-

plain whata meaningis, it merelypoint up a particularmeaning A

word is polysemic(i.e., hasvariouscontetual meanings)if it be-
longsto differentsynsetsin WordNet,thereis only one semantic
relation betweenword forms: synawymy. The otherrelations,e.g.,
hyperorymy, merorymy, antorymy, etc.,arerelationsbetweencon-
textual meaningsi.e., betweersynsets.

In our framework, wordsarenot clusterednto groups of conte-
tual synoryms(i.e.,in synsets)but into groupsconstitutedoy words
filling the selectionrestrictionsof semanticallysimilar syntacticpo-
sitions. The words clusteredn this way sharethe samecombinato-
rial propertiesandthenhave similar syntacticbehaiour. Section2.2
shavedhow we generatehesesetsof words.In analogyto thenotion

of synsetwe call themclassetsGiventhatthey aregroupel accord-
ing to thesemantiqreferencesf syntacticpositions classetsarenot
only formedby synoryms.For instancein theclassef processo,
procedim ento, execuc ao, trabalho }, words are
notrelatedby synorymy but by classmemberslip. Thisway, aclas-
setrepresentghe comma semanticclassof the classetmembers,
which are co-hyponyms. The classetmay be viewed as a particular
contextual word meaning Note thatco-hyporymy is a moregeneral
relationthansynorymy: evenif all synorymsareco-hyporyms,the
reverseis nottrue.

Like synsetsclassetsare usedto characteriseéhe semanticrela-
tions betweenwords. Semantiaelationsaredefinedasrelationsbe-
tweenclassemembersandtheir syntacticallydepementwords.The
interpretationrules definedabove allow usto precisewhat seman-
tic relations(and semanticroles) undelie the syntacticdepeneén-
ciesbetweenclassetmembersandtheir relatedwords. Note thatin
ourapproachgrosscatgorial semantiaelationsareallowed. For ex-
ample,classetof nours arerelated,not only to nouns,but alsoto
verbsby meansof semanticheta-rolesuchas“agent”, “location”,
or “theme”. In [3], it is alsodescribeda methodto extractingcross-
categorial semantiaelationsbetweemounsandverbs.This kind of
semanticinformation is unfortunatelyabsentof WordNet, because
only intracatgorial semantiaelationsareallowed.

Table 3 shavs at the top the larger classetbuilt by our clustering
algorithm. Its membersare co-hyporyms of the generalclassrefer
ring to legal docunents.In addition, this table also displaysthree
typesof informationassociatedvith the classet(1) the wordssyn-
tactically depen@nt on the classetmembers(column on the left);
(2) the syntacticpositionsusedto relatethe classetmemberdo their
depeneéntwords (middle column); (3) the semanticroles assigned
by our interpretatiorrulesto the classemembergegardingtheir as-
sociatedsyntacticpositions(column on theright). In orderto sim-
plify the description,the grammaticalpatternsof the syntacticpo-
sitions do not containinformation concening the presenceor ab-
senceof determinerdeforethe ComplementTheroleson theright
arethe more prototypicalvaluesobtainedby applying the interpre-



tation rules on thesegrammaticalpatterns.On this basis,the clas-
setconstitutedby legal documerts suchasarticles, decess, or laws
arethe Possessorgf objectslik e annex, chapter letter, text, conteng
or force They canalso play the role of Themein actionslike fin-
ish, add, modify edit, or ratify; they arethe ExternalThemeof em-
anatefrom, be.in_conflictwith; the Locator of enumeate.in, men-
tion_in, statein; andthe Agentof fix, introduce report, or prescribe

4.2 Representation of Polysemic Words

Following the structureof WordNet, a word form is consideredas
polysemicif it belongs to various classetsThe classetsto which
a polysemicword belongsrepresentts different, even if related,
meanings.Considerthe word trabalh o (work/jol). Our cluster
ing stratgy integratesthis word into various word clusters,i.e.,
classetsTables4, 5, and 6 shav information concering three of
theseclassetsThe classetillustratedin Table 4 aggreyateswords
referring to temporalactions.Indeed, the co-hypmnyms constitut-
ing the classetappearsto be syntacticallyand semanticallyasso-
ciatedwith the wordsfase (pha%), suspens ao (interruption),
andcurso (coursg in the binary depen@nciesfase do tra-
balho (phaseof thework), suspens ao do trabalho (inter-
ruption of thework), andtrabalho ~ em curso (workin course).
In semantiderms,trabalh o is viewedhereasanactionrelatedto
wordsreferringto its temporalinternalfacets.In Table5 the clas-
set seemsto describe,not temporal actions, but the result of an
action. Such a meaningbecanes salientin the syntactic position
[AzT (i0bj_por; recebert, z1)] (to receivein paymentfor). Indeed
the causeof receving money is not the action of working, but the
objectdoneor the stateachievzed by working. Finally, Table6 illus-
tratesthemoretypical meaningof trabalho  :itisajob, functionor
task,which canbe carriedout by professionés. This is why the co-
hyporymsof this classefresyntacticallyandsemanticallyrelatecto
wordslikeinspector  (inspecto) andreviser  (supervisoy.

Thethreecontectual meaningf trabalho  representhreere-
latedaspect®f theconcep of working. Yet, only oneof themseems
to be relevart in a particular compositionaluse of the word. Our
methodreliesonthefactthateachsyntacticpositionin whichaword
appearss ableto selectoneof its contextual meanings.

5 Evaluation and Applications

The resultsof our semanticacquisitionmethodare being usedfor
two differenttasks.On the one hand, the selectionrestrictionsac-
quired by our clusteringstratgy are introducedin the lexicon as
semantigatternsof subcaegorisation.This subcatgorisationinfor-
mationis usedto correctthespuriots syntacticattachmentgropcsed
by the parseratthefirst analysisstep.Oncethe subcaegorisationin-
formationis learned,we apply a diagnosermparseron the candidate
depenénciesto checkwhetherthey are corrector not. For the odd
attachmentshe diagnosepropcsesnew hypothesegrovided thatit
is endaved with the appropiate subcaegorisationinformation.On
the other hand our resultsare currently being integratedto an IR
systemfor preciseandrapidlocationof documentsn the P.G.R.cor-
puscollection(http://coluna.di.fct.unl.pttpgrd). Theacquiredwvord
semantiaelationsareusedto extendandimprove documeits recall.
The degreeof efficacy in theseapplicationsmay sene asareliable
evaluationfor measuringhe soundmessof our learningstrateyy.

6 Summary

This paperhaspresenteda corpus-basg methodfor extracting se-
mantic relationsbetweenwords. This methodis basedon two se-
quentialprocedires.First, it automaticallyclassifiessyntacticposi-
tions accordimg to their selectionrestrictions.Thosepositionsthat
imposethe sameselectionrestrictionsareput togetherinto the same
semantiogroup Furthermorewe alsoidentify groupsof nours ac-
cordingto theirdistributionthroughsyntactigpositionswith thesame
selectiorrestrictionsWe calledclassetsuchgroupsof nouns.Then,
once classetsand classesof similar syntacticpositionshave been
learnedjnterpretatiorrulesareappliedon themin orderto learnthe
specific semanticrelationsunderlying syntacticallyrelated words.
Finally, thesesemantiaelationsareorganisedn athesauricabtruc-
ture,which hassignificantanalogiegso the WordNetstructure.
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Table3. Classebflegd documens

al"inea artigo

codigo constitu
norma preceito

regulamento

ic’ao convenc, ao decreto

diploma disposic , ao estatuto

legislac , a0 lei

(paragrapharticle codeconstituton aggreementleceediplomadispositionstatut legislationlaw normpreceptregulation)

RelatedWords(RW)

anexo infracc , @ao (anneinfradion)

forc,a (force)

alcance capitulo contexto emis’ao escopo letra

redacc, ao teor texto (scope chapter conted¢ emission scope let-
ter redadion contentext)

acabar aditar alterar  editar fazer ratificar reger
regulamentar violar  (finish add change modify edit male ratify rule

regulariseviolate)

colidir conjugar (be-in-onflictconugate)

emanar (emanate)

afirmar  conter enumerar enunciar estabelece r estip-
ular indicar mencionar  (assert contain enumeate state stablish
indicate mentian)

adoptar  alterar definir fixar  introducir reger reg-
ular revogar (adopt modify define appoint introdu@ rule regulae
revole)

incompatibili dade materia (incompaibility matte)

admitir atribuir prescrever producir  regular. re-
portar  resaltar respeitar alterar _ definir’  fixar
introducir reger revogar (admitascribeprescribeproduceregulate

alludeheigitenmodifydefineappointintroducerule revole)

SyntacticPositions
Pzt (a;RW,2T)]
Azt (com;zt ,RWT)]
AzT(de;RWH ,2T)]

Az (dobj; RW 2]

Az T (iobj _com;RW+,2T)]
Az T(iobj_de;RW ,2T)]
AzT(dobj; RW Y ,2T)]

[AaT (i0bj_por+pp;RW+,2™)]

Az +(sobre;zt, RWT)]
T (subj;RWY ,2T))

SemantidRoles
z = Possessor
z = Possessor

= Possessor

z=Theme

z = External Theme
¢ = External Theme

z = Locator

z = Agent

x = Located

z= Agent

Table4. Classetof trabalho

asatempora entity

contrato prazo procediment
(agreemenexecutionpractice term/ime procedue processvork)

execug, ao exerc’ Icio

0 processo

trabalho

RelatedWords(RW)
fase suspens”ao conclus™ ao (phaseinterruption end)
curso (course)

SyntacticPositions
Az T(de;RWY,2T)]
Azt (em;zt, RWT)]

SemanticRoles
x = Possessor

x = Located

controlar  (contol/supevise) Dzt (em;RWY ,2T)] z =Theme
Table5. Classebftrabalho astheresultof anaction
contrato  exerc icio prestac , 30 recurso servic ,0 trabalho

(agreemenpractice instalment appealservicework)

RelatedWords(RW)
retribuic | 2o (remuneation)
receber (receve)
remunerac, ao (remuneation)

SyntacticPositions
Nz T(de;RW,zT)]

Dzt (iobj_por;RWl ,aT)]
[)\mT(por;RW'L,mT)]

SemanticRoles
x = Possessor
z=Cause

z=Cause

Table6. Classebftrabalho asajob
actividade atribuic a0 cargo exerc’ icio funcao lugar trabalho
activity attribution postpracticefunctian postworkjob)
RelatedWords(RW) SyntacticPositions SemanticRoles
desempenho incompatib ilidade (performanceincompat et (de;RWY,2T)] z = Possessor
bility)
revisor  inspector  (revisersupervisor) Dzt (de;zt, RWT)] z = Possessed
desempenhar remunerar (accomplshremuneate) Az T(dobj; RW+,2T)] z =Theme
investir (invest) Az T (iobj_em;RW Y 2 T)] z = Locator
perceber (receve-fes) Az (subj;RWY,2T)] z = Agent




