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Abstract. This paperpresentsa corpus-basedmethodfor extract-
ing semanticrelationsbetweenwords.The methodis basedon two
sequentialprocedures.First, it automaticallyclassifiessyntacticde-
pendenciesaccordingto theirselectionrestrictions.Thosedependen-
ciesthat requirethesameselectionrestrictionsareput togetherinto
the samesemanticgroup.Then, interpretationrulesareappliedon
the classifiedsyntacticdependencies,in order to learn the specific
semanticrelationsunderlying syntacticallyrelatedwords.

1 Introduction

The main aim of this paperis to describea corpus-basedapproach
to automaticallyextract semanticrelationshipsbetweenwords.Our
methodis basedon theassumption thatsyntacticdependenciescon-
tain conceptual regularitiesunderlyingsemanticrelations.This as-
sumptionis motivatedby theobservationthatsyntacticdependencies
provide informationon thesemanticrelationsbetweentheconcepts
(or meanings)therelatedwordsdenote[18].

Theapproachis characterisedby thefollowing properties.On the
onehand,it is basedonaknowledge-poorlearningstrategy [9], since
pre-encoded semanticinformation from external lexical resources
(e.g.,machine-readabledictionaries,handcraftedthesauri,. . . ) is not
required.In particular, ourmethodreliesonanunsupervisedstrategy
for clusteringsemanticallysimilar syntacticdependencies.This al-
lowsusto identify andput togetherthosesyntacticdependenciesthat
presupposesimilarsemanticrelationships.Sucha methodis closeto
someaspectsof the clusteringstrategy usedin the ASIUM system
[4].

On the other hand, we do not need to previously define
a set of lexico-syntactic patterns to extract semantic relations
between words. In [10], patterns like ���	��

��������������������� � ,
���	��� ���"!#�%$&$(')�*�+�,������� � , andsoon,areusedto identify relationsof
hyperonymy. Work by [2] is ableto identify meronymic relationsus-
ing ���.-0/)1��
�2��� and ���.!435����� patterns.Suchmethodsmay
have goodperformancein aparticulardomain,but thecostof adapt-
ing thepatternsto anew domaincanbetoo hard[15]. Moreover, the
scopeof thesepatternsis ratherlimited. Insteadof lexico-syntactic
patterns,our methodprovidesa setof symbolicinterpretationrules.
Theserulesareableto mapsyntacticdependenciesontotheseman-
tic relationsthatwill beusedto thesaurusdesign.Someof the ideas
underlyingthe mappingrulesarenot far from someaspectsof the
approachesto semanticinterpretationintroducedin [18, 1].
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Dept.deInformática,UniversidadeNova deLisboa,Portugal.7
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This paperis organisedasfollows. We startby describingin sec-
tion 2 the internalstructureof syntacticdependencies,how they are
identified from large corpora,aswell ashow they areclusteredin
semanticgroups.In particular, we put togetherthosedependencies
sharingthesameselectionrestrictions.Then,section3 describesthe
interpretationrulesusedto mapsyntacticdependenciesontoseman-
tic roles.Thesemanticroleswe usedasoutputof themapping rules
arenotlimited to thefour qualiarolesof theGenerativeLexiconThe-
ory [16]. Then,section4 outlinesthe main organisingelementswe
needto designaparticularrelationalthesaurus.Specialattentionwill
bepaid to therepresentationof polysemous words,aswell asto the
comparisonbetweenour organisingprinciplesand the basicstruc-
tureof WordNet.Finally, in section5, we make a brief introduction
of the applicationtasks(InformationRetrieval andRobust Parsing)
onwhichourmethodis beingevaluated. A moreaccuratedescription
of theseapplicationtasksis beyond thescopeof thearticle.

The experimentspresentedin this paperwereperformedon 1,5
million of wordsbelonging to theP.G.R. (PortugueseGeneral Attor-
ney Opinions) corpus,which is a domain-specific Portuguesecorpus
containingcase-law texts. The fact of usinga domain-specific cor-
pusmakeseasierthelearningtask,giventhatwe have to dealwith a
limited vocabulary with reducedpolysemia.

2 Extracting Semantically Similar Syntactic
Dependencies

Weattemptto identify anddescribethesemanticrelationsembedded
in syntacticdependencies.For this purpose,we start by extracting
syntacticdependent words from partially analysedtext corpora. In
order to identify syntacticdependenciesbetweenwords,we apply
a two-stepprocess.First, we selectcandidatedependenciesby tak-
ing into accountbasicsyntacticrules.Second,we build clustersof
semanticallysimilar dependencies.We assumethatthosedependen-
ciesthathavebeenclusteredrepresenttruesyntacticrelations.These
two different procedures,both selectionof candidatesyntacticde-
pendenciesandclusteringof similar candidates,will bedescribedin
thefollowing subsections.

2.1 Heuristics to Select Candidate Dependencies

Theprocedurefor selectingcandidatebinarydependenciestakesinto
accountonly morphologic andsyntacticinformation.First, the cor-
pus is taggedby the part-of-speechtaggerpresentedin [13]. Then,
thetaggedcorpusis analysedin sequences of basicchunks by using
someof thepotentialitiesof theshallow parserpresentedin [17]. The
parserproduces a single partial syntacticdescriptionof sentences,
whichareanalysedassequencesof not relatedbasicchunks(NP, PP,
VP, . . . ). Finally, weusesimpleheuristicsbasedon right association



in orderto attachbasicchunks: a chunktendsto be attachedto an-
otherchunkimmediatelyto its right.Weconsiderthatthewordheads
of two attachedchunks form a candidatesyntacticdependency. It
canbeeasilyseenthatsyntacticerrorsmayappearsinceattachment
heuristicsdonot take into accountlongdistantdependencies.6 Given
that theseheuristicsrely on poor-definedlinguistic rules, the cor-
rectnessof attachmentsis not guarateed. For reasonsof attachment
errors,it is arguedherethatthebinarydependenciesidentifiedby our
elementaryheuristicsaremerehypothesesonattachment;hencethey
aremerecandidates.

Let’s describethe internal structureof a candidate dependency
between two words. A syntactic dependency consists of two
wordsandthehypotheticalgrammaticalrelationshipbetweenthem.
We representa dependency as the following binary relation [8]:;=<%>�?A@�B � ?5C*D0E , where

F <
canbeinstantiatedby specificgrammaticalmarkerssuchaspar-

ticular prepositions,subjectrelations,directobjectrelations,etc.;F arrows“
B
” and“

D
” representtheHeadandComplementposition,

respectively;F ?G@
is theword in theHeadpositionand

?HC
theword in theCom-

plementposition.

Binary dependenciesdenotegrammaticalrelationshipsbetween
theHeadandits Complement. They areasymmetricrelationshipsin
sucha way thatonly thesyntacticpropertiesof the Headareinher-
ited by thecompositeconstruction.Nevertheless,in semanticterms,
both words-theHeadandtheComplement- seemto be interdepen-
dent:The Complementmust fill the semanticpreferences(i.e., se-
lectionsrestrictions)requiredby the Head,andthe Headalsomust
fill the semanticpreferences (i.e., selectionrestrictions)requiredby
the Complement. We arguethat a candidatedependency represents
a true syntacticrelation if, at least,one of thesesemanticrequire-
mentsis identifiedandverified.The following subsection describes
how wecheckwhethertwo candidaterelatedwordsaresemantically
interdependent.

2.2 Building Clusters of True Dependencies

We startby describingthe bi-directionalsemanticrequirementsbe-
tweenthe two syntacticpositionsconstitutinga dependency. Then,
we describehow syntacticpositionscanbecomparedandthenclus-
teredforming semanticgroups. Finally, we explain how this infor-
mation is usedto validatecandidatedependencies.More precisely,
a candidatedependency is considereda truerelationif, at least,one
of the two internalsyntacticpositionsis involved in semanticclus-
tering.Thismustbeusedasevidenceto identify syntactico-semantic
relationships.

2.2.1 Co-Restriction

In most linguistic research,a syntacticdependency betweentwo
words is semanticallydescribedas a simple restriction.The Head
is viewed as the word that imposessemanticconstraints(selection
restrictions)on the Complement,which must fill suchconstraints.
While theComplementis syntacticallyandsemanticallydependent,
theHeadkeepsboth a high degreeof syntacticandsemanticauton-
omy. Nevertheless,recentlinguistic researchassumesthat the two
I

Theerrorsarecaused,not only by the too restrictive attachmentheuristic,
but also by further misleadings,e.g.,words missingfrom the dictionary,
wordsincorrectly tagged, othersortsof parserlimitations,etc.

wordsrelatedby a syntacticdependency aremutually restrictedby
semanticconstraints[16, 6]. Wecall theprocessof mutualrestriction
betweentwo relatedwords“co-restriction”. Co-restrictionis based
onthefactthateachword in asyntacticdependency bothimposesse-
manticrestrictionsandmatchessemanticrequirements.For instance,
considerthe expressionfase da evoluc¸ ão (phaseof the evo-
lution), which occursin corpusP.G.R. We assumethat the candi-
datesyntacticdependence

;=J � > /K�K��� B �L��MN-0$O
 ç P�Q- D E extractedfrom
that expressionis semanticallywell-formed if, at least,one of the
following two conditions are verified: either the word evoluc¸ ão
(evolution) fills the selectionsrestrictionsimposedby the Head,or
theword fase (phase) fills theselectionrestrictionsimposedby the
Complement.

Theseconditionsaddresstheproblemof identifying selectionre-
strictions.For this purpose,we aim at identifying bothsyntacticpo-
sitions requiringsimilar selectionrestrictions,and thosewordsap-
pearingin similar syntacticpositions.In thefollowing, we introduce
themainassumptionsof this strategy.

2.2.2 SimilarSyntactic Positions

Consideragaintheexpressionfase da evoluc¸ ão (phaseof the
evolution). Let’s note R SKT DU;=J � > /K����� B �VT D*EXW the syntacticposition
filled by the wordsappearingasComplementsof fase , within the
grammaticaldependency introducedby prepositionde . And let’s
note R SKT BU;=J � > T B �L��MN-0$O
 ç P�N- DYEXW the syntacticposition filled by the
words appearing as Headsof evoluc¸ ão , within the dependency
introducedby the samepreposition.In corpusP.G.R, the wordsap-
pearingin theposition R SKT D ;=J � > /K�K��� B �VT D EXW referto entitiesdescrib-
ing somekind of processor action, such as: execuç ão (execu-
tion), investigac ¸ ão (investigation), trabalho (work), etc.On
theotherhand,thewordsappearing in R SKT B ;=J � > T B �L��MN-Y$O
 ç P�N- D EXW re-
fer to temporalor modal partsof processes:momento (moment),
per ı́odo (period), resultado (result), fim (end), etc. As has
beensaid,not only theHeadseemsto semanticallyrestrictthe type
of its Complement,but alsothe Complementsomehowrestrictsthe
semantictypeof 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 Jaccardcoefficient to mea-
sure similarity betweenword sets(see[7] for details).Note that
we do not measuresimilarity between single words by com-
paring their syntactic distribution ([9, 12]. Rather, we measure
similarity betweensyntactic positions by comparing their word
distribution. In our corpus, the distribution of words appear-
ing in the syntactic position R SKT D ;=J � > /K�K��� B �VT D EXW is similar to
the distribution of words appearing in: R SKT BN; ��Z > T B ����
 < ��- D*EXW ,
R SKT BU;=J � > �
� <Q[\ - J - B �VT D*EXW , R SKT BQ;=J � >V< �*��
 $(1�� J - B �LT D�EXW , corresponding
to thetemporalexpressions em curso (in course), per ı́odo de
(periodof), resultad o de (resultof). Indeed,thesesyntacticpo-
sitionsseemto be semanticallyhomogeneous.Likewise, the distri-
bution of wordsappearingin R SKT BN;=J � > T B �L��MN-Y$O
 ç P�N- D*EXW is similar to
the distribution of words appearingin: R SKT BQ;=J � > T B �L��T ����
 ç P�Q- D*EXW ,
R SKT BU;=J � > T B �V!43]MQ�*��1�!=^Q� ç P�N- DYEXW , R SKT BU;=J � > T B �V1 < �%_"�%$&�K- D�EXW , which
correspondto the following event expressions: da execuç ão (of
theexecution), da investiga ç ão (da investigation), do tra-
balho (of the work), etc. Thesesyntacticpositionsturn out to be
semanticallyhomogenous.

The clusteringalgorithmpresentedin [7] put togetherboth sim-



ilar syntactic positions and the words associatedwith them. Ta-
ble 1 shows two different clusters: Cluster1, which is consti-
tuted by both the positions similar to R SKT D ;=J � > /K�K��� B �VT D EXW , and
the words having the higher distribution through thesepositions;
Cluster2, which is constitutedby both the positions similar to
R SKT B ;=J � > T B �L��MN-0$(
 ç P�Q- D EXW , andthemostsignificantwordsdistributed
alongthesepositions.

Table 1. Illustrationof two clustersof similar positionsandrelatedwords

Cluster 1: `�a b0cUdYeOf�gih�jUk�lLgVmNnXcYd�o&p�a b0c0m0eOgVqGhrcYm0n�s�t0u�lLv"d�o&pa bYc0mYeOf�gih4wYgVu�xy v"f�v"m*nXcYd�o=p�a b0c0dYeOf�gihru�gLlVt0z�{#k�f�v"mUnXc0d�o&p(|~}` processo execuç ão investigac ¸ ão trabalho |
(processexecution investigationwork)

Cluster 2: `�a b0cUmYeOf�gihrc0m0nrgV��viz�t ç �k*vid�o&p�a b0c0m*e&f�gihrcYm0n�gVc0gis�t ç �k�v"d�o&pa bYc0mYeOf�gihrc0m0nX�O�Q��gLl�{4�(��k ç �k�v"d�o&p�a bYc0m0eOf�gihrc0mYn#{4u�k���k�z(�Uvid�o=p�|�}` fase momento per´ıodo resultado fim |
(phasemomentperiodresultfim)

Sincethe wordsdistributedalongsimilar syntacticpositionsrep-
resenttheextensional descriptionof their semanticrestrictions,they
tend to becomehomogenous semanticclasses.For instance,the
Complementwords � processo , execuç ão , investi gaç ão ,
trabalho , . . . � representtheextensional descriptionof theseman-
tic classrequiredby the Headfase , within the grammaticalrela-
tion introduced by de . Thus, they are good candidates to become
co-hyponyms.

2.2.3 CheckingCandidateDependencies

Informationon bi-directionalsemanticrequirementsturnsout to be
very useful for checkingthe validity of the candidatedependencies
extractedby syntacticheuristics.For example,wedecidewhetherthe
candidate

;=J � > /K����� B �L��MN-Y$O
 ç P�Q- D E is a correctsyntacticattachment
only if, at least,oneof thetwo following conditionsis verified:either
evoluc¸ ão belongs to Cluster1, or fase belongsto Cluster2.

Table 2. Truedependenciesinferred from Cluster 1

e&f�gih�jUk�lLgVmUn4w�u�v�sVgLlLlLv"d�oNeOgLq�hXw�u�v�sVgLlLlLv"mYn�s�tUu�livid�oe&f�gih4wYgVu�xy v�f�vimYn=w*u�v"sVgilLlLv"d�oQeOf�g"hru�gLlLtYz�{#k�f�vim0n4w�u�v�sVgLlLlLv"d�o
(phaseof the process,processin course, periodeof the process,resultof the
process)
e&f�gih�jUk�lLgVmUn�gVc0gis�t ç �k�v�d�o%eOgVqGh�gVcUgLs�t ç �k�v"m0nrs�tUu�lLv"d�oe&f�gih4wYgVu x�=v�f�vimYnrgLc0gLs�t ç �k�v"d�oQeOf�gihru�gLlVt0z�{#k�f�v"m0nrgVcUgLs�t ç �k�v"d�o
(phaseof theexecution,executionin course, periodeof theexecution, resultof
theexecution)
e&f�gih�jUk�lLgVmUnr�(�Q��gil�{4����k ç �k�v"d�oNe&gVqGhr�(�Q��gil�{4����k ç �k�v"mYnrs�tUu�lLvid�oe&f�gih4wYgVu�xy v�f�vimYnX�O�Q��gLlV{4����k ç �k�v"m�o�eOf�gihru�gLlVt0z�{#k*f�vim0nX�O�Q��gLlV{4����k ç �k�v"d�o
(phaseof theinvestigation,investigationin course, periodeof theinvestigation,
resultof theinvestigation)
e&f�gih�jUk�lLgVmUnX{4u�k���k�zO�0v"d�oQe&gVqGhX{4u�k���k�zO�0v"m0nrs�tUu�lLvid�oe&f�gih4wYgVu�xy v�f�vimYn#{4u�k���k�z(�Uv"m�oNeOf�g"hru�gLlLtYz�{#k�f�vimNn#{4u�k*�rk�z(�Uvid�o
(phaseof thework,work in course, periodeof thework, resultof thework)

Thatmeansthattwo wordsareconsideredassyntacticallydepen-
dent if, at least,one of them may be semanticallyrequiredby the
other. As word fase is a word memberof Cluster2, we may infer
that it is semanticallyrequiredby evolução. Both wordsare, then,
syntacticallyandsemanticallyrelated.Indeed,a singlesemanticre-
striction may be usedasa significantevidence for establishingthat
two wordsaresyntacticallydependent.On this basis,wecanusethe
semanticrestrictionunderlying Cluster1, illustratedin Table1, as

evidencefor consideringall dependenciesof Table2 astruesyntac-
tic relationships.

In summary, the processof checkingwhethera candidate depen-
dency is a true syntacticattachmentleadsus to put togetherdepen-
dencieshaving thesamesemanticrequirementsandthendescribing
thesameconceptual relations.As syntacticdependenciesareorgan-
isedin semanticallyhomogenousclusters,we maymapthemto se-
mantic relationsin a moresystematicway. In the next section,we
describetherulesandfilters we useto extractsemanticinformation
suchasconceptualrelationsandsemanticroles,from syntacticde-
pendencies.

3 Mapping from Syntactic Dependencies to
Semantic Relations

3.1 Meaning of Grammatical Relators

In the previous section,we explainedhow semanticregularitiesun-
derlying syntacticallyrelatedwordswereusedto calculatesimilar-
ity betweensyntacticdependencies.In the following, our aim is to
describea methodfor extracting the specificsemanticinformation
carriedby syntacticdependencies.

Researchon cognitive linguistics(e.g.,[11]) is laying greatstress
to thesemanticinterpretationof syntacticrelators(e.g.,grammatical
functions,prepositions,. . . ). Two oppositeapproachesto theseman-
ticsof syntacticrelatorsareoftenreported.On theonehand, it is ar-
guedthatsyntacticrelatorsareendowed with very schematicsenses
that areelaboratedin context. On the otherhand,it is claimedthat
they arepolysemic, i.e., they have several relatedmeanings.In both
cases,however, themostrelevantlinguistic taskis not to describeei-
thertheschematicsenseor therelatedmeaningsof asyntacticrelator,
but eitherhow the schematicsenseis elaboratedor how a specific
meaningis selected.In particular, many works focuson enumerat-
ing and organisingthe linguistic information requiredto correctly
interpretthespecificmeaningof syntacticallyrelatedwords.On this
basis,we do not attemptto definethemeaningof syntacticrelators.
Rather, we aim at defininghow a syntacticrelatorcooperateswith
otheravailablelinguisticinformation(e.g.,morphosyntacticcategory
of the relatedwords,their lexical content,co-textual data),in order
to interpretthesemanticrelationunderlying two syntacticallydepen-
dentwords.

3.2 Linguistic Constraints and Interpretation
Rules

Interpretationrulesmapsyntacticdependenciesonto semanticrep-
resentations.In particular, they areableto extractsemanticinforma-
tion by taking into accountdifferent internalaspectsof dependen-
cies,suchasfor instancesyntacticrelators,morphosyntacticmark-
ers,etc.Theseinternalaspectsareviewedby theinterpretationrules
asconstraintsfiltering semanticrepresentations.Separately, noneof
theconstraintsis ableto filter asinglemeaning,but whenthey areput
together, theirfiltering activity becomesmoreefficient.For example,
prepositionde (of/by) is hardlyassociatedto somekind of semantic
informationsinceit is too muchambiguous.However, whenfurther
informationon theHeadandtheComplementrelatedby theprepo-
sition is available,a compositionalsemanticinterpretationbecomes
possible.

Thedegreeof specificationof thesemanticinformationassociated
to syntacticdependenciesrelieson the typeof linguistic constraints
usedby theinterpretationrules.Sincewedonotdisposeof lexical re-
sources,weonly considerthefollowing threetypesof constraints:(1)



syntacticrelators(subject,directobject,andprepositions);(2) mor-
phosyntacticcategoriesof thetwo relatedwords(verbandnoun); /3)
presenceor absenceof determinantin theComplement. Thesecon-
straintsareput togetherin orderto build “grammaticalpatterns”of
syntacticdependencies.For instance,we usethe notation

J �*� for
representingthepatternconstitutedby: (1) prepositionde ; (2) pres-
enceof thedeterminerbeforetheComplement; (3) theHeadandthe
Complementareboth nouns.If thedetermineris not presentbefore
the Complement, we usethe notation

J �U� . Whenthe symbols “+”
and“-” areremoved from the pattern,the determinercanbe either
presentor absent.In casetheHeadis a verb andtheComplement a
noun,we note !#-*_V� J � . Therearealsopatternswithout preposition,
namely ��
K_V� and

J -*_V� , which describerespectively the relationof
subjectanddirectobjectbetweena verb(theHead)anda noun(the
Complement).7

Let’stakeanexample.Considertheexpressionsresultado da
nomeação , (result of the nomination), nomeação do presi-
dente (nominationof thepresident), andgabinete do pres-
idente (president’soffice) . At thegrammaticallevel, thethreeex-
pressionscontainpattern

J �*� . In Portuguese,thesemanticinterpre-
tationof thispatternseemsto becloseto theveryabstractrelationof
possession, moreprecisely, the Complement mustbe viewed asthe
“possessor” of theHead.Hence,wemayinfer thatnomeação is the
possessorof resultado (i.e.,nominationshaveresults),aswell as
president e is thepossessorof nomeação andgabinete (i.e.,
presidentshave nominations and offices).Note that if a particular
constraintis changed, thenthe meaningof the patternmay vary in
a significantway. For instance,if thedeterminerof theComplement
is removed(i.e., if we have thepattern

J �U� ), we canobtaina larger
rangeof semanticcontents:namely, the reverserelationof posses-
sion(exposit or de vidro - standmadeof glass), therelation
of hyperonymy (processo de nomeação - processof nomina-
tion), or even the notion of modality (dimens ão de vulto -
importantdimension). Likewise,if theHeadis not a nounbut a verb
(i.e., if wehave thepattern!4-Y_�� J � ), theComplementappearsasbe-
ing an externalparticipantof the event denoted by the verb. Sucha
participant,calledhere“externaltheme”,is neithertheagentnor the
affectedpatient(i.e., internaltheme)of theevent.Rather, it mayem-
bracethenotionsof transferredobject,instrument,coadjuvant,goal,
etc.

Furtherinformation,suchasspecificlexical contentof therelated
words,co-textualdata,etc.,couldalsobeusedasconstraintsto elab-
oratein a moreaccurateway themeaningof dependentexpressions.
In the following, interpretationruleswill be merelydefinedon the
basisof grammaticalconstraints.

3.3 The Semantic Space of the Interpretation Rules

Thesemanticinformationassociatedto grammaticalpatternsis dis-
tributed along a scaleof gradientrelationalconcepts, suchas hy-
peronymy, possession, location,modality, causality, agentivity, etc.
Sincethereis no meansfor clearlydividing theminto discretecom-
ponents, the semanticspaceshouldbe essentiallyviewed asa con-
tinuumof fuzzy notions[11]. We muststressthe importanceof two
propertiesof this space.First, interpretationrulesdo not mapgram-
maticalpatternsonto specificvaluesof thespace,but on a rangeof
neighbouring valuesorganisedarounda prototypical core.Second,
�

Notethat we only usepatternsconstraining theComplementto bea noun.
Verbalandclausalcomplementswerenot taken into accountby theattach-
ment heuristics described above becausetheir syntactic behaviour is not
trivial.

the level of specificationof thescalarvaluesis far from beingrigid,
it canbechanged andadaptedaccordingto theparticularapplication
it will beusedfor.

Let’s seeFigure1, which depictstwo verticalaxesandtwo hori-
zontalaxes.Eachaxisrepresentsascaleof semanticroles.Ontheone
hand,theverticalaxes(notedC) containthesemanticrolesthatCom-
plementscanplay in variousgrammaticalpatterns.Theverticalaxis
ontheleft representsthescaleof roles(i.e.,Hyperonymy, Possessed,
Possessor, andso on) that we proposefor interpretingthe Comple-
mentsof syntacticdependencies.Thescaleon theright is organised
by thequaliaroles(i.e.,Formal,Constitutive,Telic, Agentive)which
are describedin the Generative Lexicon Theory [16]. Note that a
greatpartof thisscaleof valuesremainsunderspecified. Indeed, only
“Constitutive” seemsto be adequate to characterisethepossiblese-
manticrolesthatComplementscanplay in thegrammaticalpatterns.
This leadsusto infer thatthesemanticspaceorganisedby thequalia
rolesis not specificenough to beusedin theprocessof interpreting
syntacticdependencies.

Ontheotherhand,Figure1 depictstwo horizontalaxes(notedH),
containingthe semanticrolesthat the Headscanplay in the gram-
maticalpatterns.Theaxissituatedat thebottomcontainstheseman-
tic rolesthat we proposeto interpretthe Headsof syntacticdepen-
dencies,that is, Hyperonym, Possessor, Possessed,Located,Effect,
Purpose,etc.They arecomplementary to thevaluesappearingin the
scaleof Complements (theverticalaxis on the left). Theaxis at the
top is organisedby thequaliaroles.Eventhough it is moreelaborate
thatthescaleof Complements,it still containsseveralunderspecified
zones.

Figure1 canbe conceived asthe visual counterpartof the inter-
pretationruleswe definefor somePortuguesegrammaticalpatterns.
In this figure,grammaticalpatternsarerepresentedassquaresoccu-
pying someregionswithin thesemanticspace.Thelargerthesizeof
the square,the moreabstractthe semanticcontentassociatedto the
pattern.Consider, for example,thespatialregionrepresentingthese-
mantic valuesof pattern

J �N� . This region embraces a large range
of values:it goesfrom Hyponym to Modality, even if the rolesex-
tractedfrom the relationof possessionshouldremainmoretypical.
Concerningthe scalesorganisedby the qualiaroles,it occupiesthe
large region attributedto the Formal andConstitutive roles.Pattern
��

_�� , which describesthe relation of subjectbetweena verb (the
Head)anda noun(theComplement),alsoembracesa largeamount
of values:it occupiesthespacefrom Causeto InternalThemein the
scaleof Complements.By contrast,someof thepatternsmaybeas-
sociatedto small regionsof values.For instance,patterns��� ,

J �*� ,
and �K� < � aremappedboth onto thespecificrole “Possessor”in the
scaleof Complementsandonto therole “Possessed”in the scaleof
Heads.Likewise,pattern

J -*_V� merelyoccupiesthespaceassociated
to the role of Theme(external and internal) in the scaleof Com-
plements.Note alsothat the samesemanticregion canbe occupied
by a greatnumberof grammaticalpatterns,for instance,!#-*_V� � � ,
� � , !4-Y_�� ��Z , ��Z , !4-*_V� ��-*_ < � , ��-*_ < � . All of themaremappedonto
the sameregion: the large spaceembracingthe relationof location,
which enclosesin the boundariessomeaspectsof possessionand
modality.

Thesyntactico-semanticinformationdisplayedby Figure1 is or-
ganisedin a symbolicway by meansof interpretationrulessuchas:

���]���i�����r�����r���=���]� �"�r�������r�i� ���
R � � m � � d*� ������� � mY� � d�� W �i� R � � m � � d���� ��� � mY� � d�� W �i� R � � m � � dY�  �� � � � � m�� � d�� W

By meansof this rule, the Heads(expressedby the variablex) of
thepatterns

J �*� , ��� , and �
� < � aremappedonto thesemanticrole



Figure 1. A proposal of a semanticspacefor portuguesegrammatical patterns

“Possessed”,whereastheComplements(expressedby y) aremapped
ontotherole “Possession”.

The schematicsemanticcontentobtainedby this kind of rules
(e.g.possession, location,etc.),canbe viewed asfilters driving the
interpretationof complex expressions.Specificandelaborateinter-
pretationsmay be achieved only if we have accessto moreprecise
constraints,suchaslexico-semanticinformationof theHeadandthe
Complement,aswell asfurthercontextual information.However, un-
like work by [18, 1], we do not usesuchrulesto interpretdependent
expressions,but to describegeneralprinciplesorganisingthesaurical
relationsbetweenwords.In thefollowing section,weproposeanau-
tomaticmethodto build a thesaurusfrom corpora,by organisingin a
principledway thesemanticrelationsbetweenwords.

4 Thesaurus Design

4.1 Classets and Semantic Relations

Thestructureof our thesaurusis analogous,but not identical,to the
relationalorganisationproposedby WordNet[14]. In WordNet,the
basicsemanticrelationbetweenwordformsis synonymy. Two words
areconsideredassynonymsif they have thesamemeaningin a par-
ticular context. Synonymsaregatheredin synsets, which aresetsof
wordslinkedby a common contextual meaning.A synsetdo not ex-
plain whata meaningis, it merelypoint up a particularmeaning. A
word is polysemic(i.e., hasvariouscontextual meanings),if it be-
longs to different synsets.In WordNet, thereis only one semantic
relation betweenword forms: synonymy. The other relations,e.g.,
hyperonymy, meronymy, antonymy, etc.,arerelationsbetweencon-
textual meanings,i.e.,betweensynsets.

In our framework, wordsarenot clusteredinto groups of contex-
tualsynonyms(i.e., in synsets),but into groupsconstitutedby words
filling theselectionrestrictionsof semanticallysimilar syntacticpo-
sitions.The wordsclusteredin this way sharethe samecombinato-
rial properties,andthenhavesimilarsyntacticbehaviour. Section2.2
showedhow wegeneratethesesetsof words.In analogyto thenotion

of synset,wecall themclassets. Giventhatthey aregrouped accord-
ing to thesemanticpreferencesof syntacticpositions,classetsarenot
only formedby synonyms.For instance,in theclasset� processo,
procedim ento, execuç ão, trabalho , ... � , words are
not relatedby synonymy but by classmembership. This way, a clas-
set representsthe common semanticclassof the classetmembers,
which areco-hyponyms.The classetmay be viewed asa particular
contextual word meaning.Notethatco-hyponymy is a moregeneral
relationthansynonymy: even if all synonymsareco-hyponyms,the
reverseis not true.

Like synsets,classetsareusedto characterisethe semanticrela-
tionsbetweenwords.Semanticrelationsaredefinedasrelationsbe-
tweenclassetmembersandtheir syntacticallydependentwords.The
interpretationrulesdefinedabove allow us to precisewhat seman-
tic relations(and semanticroles) underlie the syntacticdependen-
ciesbetweenclassetmembersandtheir relatedwords.Note that in
ourapproach,crosscategorial semanticrelationsareallowed.For ex-
ample,classetsof nouns arerelated,not only to nouns,but also to
verbsby meansof semantictheta-rolessuchas“agent”, “location”,
or “theme”. In [3], it is alsodescribeda methodto extractingcross-
categorial semanticrelationsbetweennounsandverbs.This kind of
semanticinformation is unfortunatelyabsentof WordNet,because
only intracategorial semanticrelationsareallowed.

Table3 shows at the top the largerclassetbuilt by our clustering
algorithm.Its membersareco-hyponyms of the generalclassrefer-
ring to legal documents.In addition, this table also displaysthree
typesof informationassociatedwith the classet:(1) the wordssyn-
tactically dependent on the classetmembers(column on the left);
(2) thesyntacticpositionsusedto relatetheclassetmembersto their
dependent words (middle column); (3) the semanticrolesassigned
by our interpretationrulesto theclassetmembersregardingtheir as-
sociatedsyntacticpositions(columnon the right). In order to sim-
plify the description,the grammaticalpatternsof the syntacticpo-
sitions do not contain information concerning the presenceor ab-
senceof determinersbeforetheComplement.Theroleson theright
arethe moreprototypicalvaluesobtainedby applying the interpre-



tation ruleson thesegrammaticalpatterns.On this basis,the clas-
setconstitutedby legal documents suchasarticles,decrees, or laws
arethePossessorsof objectslike annex, chapter, letter, text, content,
or force. They can alsoplay the role of Themein actionslike fin-
ish, add,modify, edit, or ratify; they aretheExternalThemeof em-
anatefrom, be in conflict with; the Locatorof enumerate in, men-
tion in, statein; andtheAgentof 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 classets.The classetsto which
a polysemicword belongsrepresentits different, even if related,
meanings.Considerthe word trabalh o (work/job). Our cluster-
ing strategy integratesthis word into various word clusters,i.e.,
classets.Tables4, 5, and 6 show information concerning threeof
theseclassets.The classetillustrated in Table 4 aggregateswords
referring to temporalactions.Indeed,the co-hyponyms constitut-
ing the classetappearsto be syntacticallyand semanticallyasso-
ciatedwith the words fase (phase), suspens ão (interruption),
andcurso (course) in the binary dependenciesfase do tra-
balho (phaseof the work), suspens ão do trabalho (inter-
ruptionof thework), andtrabalho em curso (work in course).
In semanticterms,trabalh o is viewedhereasanactionrelatedto
words referring to its temporalinternal facets.In Table5 the clas-
set seemsto describe,not temporalactions,but the result of an
action. Such a meaningbecomes salient in the syntacticposition
R SKT DN; !#-*_V� �
- <%>�< ������_�� <YB �VT D�EXW (to receivein paymentfor). Indeed,
the causeof receiving money is not the actionof working, but the
objectdoneor thestateachieved by working. Finally, Table6 illus-
tratesthemoretypicalmeaningof trabalho : it is ajob, functionor
task,which canbecarriedout by professionals. This is why theco-
hyponymsof thisclassetaresyntacticallyandsemanticallyrelatedto
wordslike inspector (inspector) andreviser (supervisor).

The threecontextual meaningsof trabalho representthreere-
latedaspectsof theconcept of working.Yet,only oneof themseems
to be relevant in a particular compositionaluseof the word. Our
methodreliesonthefactthateachsyntacticpositionin whichaword
appearsis ableto selectoneof its contextual meanings.

5 Evaluation and Applications

The resultsof our semanticacquisitionmethodarebeing usedfor
two different tasks.On the one hand,the selectionrestrictionsac-
quired by our clusteringstrategy are introducedin the lexicon as
semanticpatternsof subcategorisation.This subcategorisationinfor-
mationis usedto correctthespurioussyntacticattachmentsproposed
by theparserat thefirst analysisstep.Oncethesubcategorisationin-
formation is learned,we apply a diagnoserparseron the candidate
dependenciesto checkwhetherthey arecorrector not. For the odd
attachments,thediagnoserproposesnew hypothesesprovided thatit
is endowed with the appropriate subcategorisationinformation.On
the other hand, our resultsare currently being integratedto an IR
systemfor preciseandrapidlocationof documentsin theP.G.R.cor-
puscollection(http://coluna.di.fct.unl.pt/¡ pgrd). Theacquiredword
semanticrelationsareusedto extendandimprove documents recall.
The degreeof efficacy in theseapplicationsmay serve asa reliable
evaluationfor measuringthesoundnessof our learningstrategy.

6 Summary

This paperhaspresenteda corpus-based methodfor extractingse-
mantic relationsbetweenwords.This methodis basedon two se-
quentialprocedures.First, it automaticallyclassifiessyntacticposi-
tions according to their selectionrestrictions.Thosepositionsthat
imposethesameselectionrestrictionsareput togetherinto thesame
semanticgroup. Furthermore,we alsoidentify groupsof nouns ac-
cordingto theirdistributionthroughsyntacticpositionswith thesame
selectionrestrictions.Wecalledclassetssuchgroupsof nouns.Then,
onceclassetsand classesof similar syntacticpositionshave been
learned,interpretationrulesareappliedon themin orderto learnthe
specificsemanticrelationsunderlying syntacticallyrelatedwords.
Finally, thesesemanticrelationsareorganisedin a thesauricalstruc-
ture,which hassignificantanalogiesto theWordNetstructure.
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Table 3. Classetof legal documents

al´ınea artigo código constitu iç ˜ao convenç ão decreto diploma disposic ¸ ão estatuto legislac ¸ ão lei
norma preceito regulamento

(paragrapharticle codeconstitution aggreementdecreediplomadispositionstatute legislationlaw normpreceptregulation)

RelatedWords(RW) SyntacticPositions SemanticRoles
anexo infracc ¸ ão (annex infraction) ¢ � � d*��� � £�¤ m0� � d��(¥ ���H� �"�r�������r�i�
forc ¸a (force) ¢ � � m ��¦ �i§¨� � m � £]¤ d ��¥ ���H� �"�r�������r�i�
alcance cap ı́tulo contexto emis˜ao escopo letra
redacc¸ ão teor texto (scope chapter context emission scope let-
ter redaction contenttext)

¢ � � d � �"�"� £]¤ m � � d �(¥ ���H� �"�r�������r�i�

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

¢ � � d*� �i�i©Oª�� £�¤ m0� � d��(¥ ���¨« ¬���§��

colidir conjugar (be-in-conflictconjugate) ¢ � � d*��­ �i©Oª ¦ �"§�� £�¤ mY� � d���¥ ���H®¯��°O���L± ��² «
¬��r§��
emanar (emanate) ¢ � � d ��­ �i©Oª �"�"� £�¤ m � � d �(¥ ���H®¯��°O���L± ��² «
¬��r§��
afirmar conter enumerar enunciar estabelece r estip-
ular indicar mencionar (assert contain enumerate state stablish
indicatemention)

¢ � � d*� �i�i©Oª�� £�¤ m0� � d��(¥ ���H³N� ¦X� °O�i�

adoptar alterar definir fixar introducir reger reg-
ular revogar (adopt modify define appoint introduce rule regulate
revoke)

¢ � � d ��­ �i©Oª   �i�"�  i  � £]¤ m � � d �(¥ ���¨´ µ��r±0°

incompatibili dade mat éria (incompatibilit y matter) ¢ � � m*� �X�"©#�L�"� � m*� £�¤ d��(¥ ���H³N� ¦X� °&�r�
admitir atribuir prescrever producir regular re-
portar resaltar respeitar alterar definir fixar
introducir reger revogar (admitascribeprescribeproduceregulate
alludeheightenmodifydefineappointintroducerule revoke)

¢ � � d*� �r¶Y©(ª�� £]¤ m0� � d��(¥ ���¨´ µ��r±0°

Table 4. Classetof trabalho asa temporal entity

contrato execuç ão exerc´ ıcio prazo procediment o processo trabalho

(agreementexecutionpractice term/timeprocedureprocesswork)

RelatedWords(RW) SyntacticPositions SemanticRoles
fase suspens˜ ao conclus˜ ao (phaseinterruption end) ¢ � � d � �"�"� £�¤ m � � d �(¥ �������i���r�����r�i�
curso (course) ¢ � � mY� ��§¨� � m0� £�¤ d��(¥ ����³Q� ¦X� °&�r�
controlar (control/supervise) ¢ � � dY� ��§¨� £�¤ mN� � d��(¥ ���)« ¬���§��

Table 5. Classetof trabalho astheresultof anaction

contrato exerc ício prestac ¸ ão recurso servic ¸o trabalho

(agreementpractice instalment appealservicework)

RelatedWords(RW) SyntacticPositions SemanticRoles
retribuic ¸ ão (remuneration) ¢ � � dY� �"�"� £�¤ m0� � d��(¥ �������i���r�����r�i�
receber (receive) ¢ � � d ��­ �"©(ª   �"��� £]¤ m � � d �(¥ ����· � ¶Y���
remunerac¸ ão (remuneration) ¢ � � dY�   �"��� £]¤ m*� � d��(¥ ����· � ¶Y���

Table 6. Classetof trabalho asa job

actividade atribuic ¸ ão cargo exerc´ ıcio funç ˜ao lugar trabalho

activity attributionpostpracticefunction postworkjob)

RelatedWords(RW) SyntacticPositions SemanticRoles
desempenho incompatib ilidade (performanceincompati-
bility)

¢ � � dY� �"�"� £�¤ m0� � d��(¥ �������i���r�����r�i�
revisor inspector (revisersupervisor) ¢ � � mY� �"�"� � mY� £]¤ d*�(¥ �������i���r�������r�
desempenhar remunerar (accomplishremunerate) ¢ � � dY� �i�"©(ª�� £�¤ m0� � d��(¥ ���)« ¬���§��
investir (invest) ¢ � � d ��­ �"©(ª ��§¨� £�¤ m � � d �(¥ ����³Q� ¦X� °O�i�
perceber (receive-fees) ¢ � � d � ��¶*©Oª�� £�¤ m � � d �(¥ ���)´ µ���±Y°


