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Abstract
Thispaperdealswith theexploitationof dictionariesfor thesemi-automaticconstructionof lexiconsand
lexical knowledgebases.The final goal of our researchis to enrichthe BasqueLexical Databasewith
semanticinformationsuchassenses,definitions,semanticrelations,etc.,extractedfrom aBasquemono-
lingual dictionary. Thework herepresentedfocuseson theextractionof thesemanticrelationsthatbest
characterisetheheadword, thatis, thoseof synonymy, antonymy, hypernymy, andotherrelationsmarked
by specificrelatorsandderivation.All nominal,verbalandadjectival entriesweretreated.Basqueuses
morphologicalinflectionto markcase,andthereforesemanticrelationshave to beinferredfrom suffixes
ratherthanfrom prepositions.Ourapproachcombinesamorphologicalanalyserandsurfacesyntaxpars-
ing (basedon ConstraintGrammar),andhasprovenvery successfulfor highly inflectedlanguagessuch
asBasque.Both theeffort to write therulesandtheactualprocessingtime of thedictionaryhave been
very low. At presentwehaveextracted42,533relations,leaving only 2,943(9%)definitionswithoutany
extractedrelation.Theerrorrateis extremelylow, asonly 2.2%of theextractedrelationsarewrong.

1 Intr oduction

Thispaperdealswith theexploitationof dictionariesfor thesemi-automaticconstructionof lex-
iconsandlexical knowledgebases[Amsler, 1981;Calzolari/Picchi,1986;Boguraev/Briscoe,
1989;Richardsonet al., 1998]. Our researchgrouphasbeenpreviously involved in creating
a Dictionary KnowledgeBasefrom the definitionsin a Frenchmonolingualdictionary [Ar-
tola, 1993;Agirre et al., 1997].The final goal of the presentresearchis to enrichthe Basque
Lexical Database(EDBL) [Aduriz, 1998]with semanticinformationsuchasword senses,def-
initions, semanticrelations,etc.,extractedfrom a BasquemonolingualdictionarycalledEu-
skal Hiztegia [Sarasola,1996].Previous to any linguistic processing,the structureof the dic-
tionary wasparsedandencodedfollowing the Text EncodingInitiative guidelines[Sperberg-
McQueen/Burnard,1994]. The definitionsand examplesof the dictionary have beenparsed
usingConstraintGrammar[Karlssonet al., 1995;Tapanainen,1996],which wasalsousedto
extractthesemanticrelations.

The work herepresentedfocuseson the extraction of the semanticrelationsthat bestchar-
acterisethe headword, that is, thoseof synonymy, antonymy, hypernymy, andotherrelations
marked by specific relatorsand derivation. All nominal, verbal and adjectival entrieswere
treated.It mustbehighlightedthatBasqueusesmorphologicalinflection to markcase,which
meansthatsemanticrelationshave to beinferredfrom suffixesratherthanfrom prepositions.

641



Proceedingsof EURALEX 2000

In thefollowing sectionwepresentthetargetdictionaryandtherelationswehavebeenseeking.
In section3 the methodusedto extract the relationsandthe resultsobtainedareshown. The
mappingfrom surfacerelationsto semanticrelationsis discussedin section4. Finally some
conclusionsaredrawn.

2 Featuresof the dictionary

EuskalHiztegia [Sarasola,1996] is a monolingualdictionaryof Basque.It is normative and
repositoryof standardBasque.It wasproducedbasedmainly on literary tradition.Thedictio-
naryhas30,715entriesand41,699senses.

The sourcedictionarywasoriginally in Rich Text Format,lacking any structureexcepttypo-
graphicalcodes.In order to structurethe entriesand identify the fields 1, the dictionarywas
parsedusinga DefiniteClauseGrammar. Thestructuredentriesareencodedin SGML follow-
ing theTEI guidelinesfor monolingualdictionaries[Sperberg-McQueen/Burnard,1994].The
wholeprocessof conversionandtheapplicationof theTEI representationarecoveredin [Ar-
riola et al., 1995;Arriola/Soroa,1996].

The parsingof typographicalcodesinto a structuredrepresentationis a painstakingprocess.
At present77%of theentrieshave beencompletelyanalysedwithout error, andanadditional
20%of theentriesarebasicallycorrectin regardto thestructureof theentry, that is, theparts
of speech,thesensenumbers,thedefinitionsandtheexamples.This yields97%of theentries
correctexcepterrorsin thedate,in thegrammarcodes,or someotherminorerrors.For thetask
at handthe resultsof the parsingarehighly satisfactory, but we arealsoplanningto produce
andreleaseahand-checkedcommercialversionof thedictionary.

3 Superficial RelationsTreated

Accordingto SmithandMaxwell (1980),therearebasicallythreewaysto definealexical entry:

� By meansof asynonym,giving awordthathasthesamemeaning.Theheadwordandthe
synonym belongto thesamepartof speech.

� By meansof aclassicdescription,whichfollowsthegenusetdifferentiaspecificapattern.
Themeaningof theheadwordis givenby agenericterm(thegenus)andthedescriptionof
thefeaturesthatdistinguishtheheadword (differentia) from thegivengenericterm.The
genusis usuallythecoreof thedefinitionsentence.Thegenusandtheheadword usually
belongto the samepart of speech.A hypernymy relationholdsbetweenthe headword
andthe genus,that is, the genusis a genericterm,andthe headword is a morespecific
term.

� By meansof specificrelators,whicharespecialisedsyntacticwaysof linking adefinition
word with theheadword.Thecoreof thedefinitionandtheheadword arenot necessarily
of thesamepartof speech.Thespecificrelatorusedin thedefinitionoftendeterminesthe
semanticrelationthatholdsbetweentheheadword andthecoreof thedefinition.

642



L INGUISTIC DESCRIPTION IN DICTIONARIES: SEMANTICS

A singledefinition cancontainall of the threedefiningpatterns,someof themrepeatedly. In
addition,theheadwordcanbeaderivedform. In thiscasethesuffix or prefixwill yield therela-
tion betweentheheadword andtheroot [Penthedourakis/Vanderwende,1993].Someexamples
areshown below:

� "akabatu.Bukatu(syn.), amaitu(syn.)." 2

� "aireontzi.Hegaldadaitekeen(differentia)zernahiibilgailu (genus/hypernym)." 3

� "ezpara.Habea(syn.), Tabanidaefamiliako intsektuei (relatedword) ematenzaienizena
(relator)." 4

� "alaitsu(derivation). Alaitasunezbetea."5

4 Method

Thefirst stepis thetokenisationandthemorphosyntacticanalysisandtaggingof thedefinition
units. Basqueis an agglutinative languagewith high morphologiccomplexity, which makes
robustmorphosyntacticanalysisveryessential[Aduriz etal.,1999].WeuseMORFEUS, arobust
morphosyntacticanalyserfor Basque[Urkia, 1997;Alegriaet al., 1996].

In a secondstep,the structureof the definition is analysedin order to locatethe definition
patterns.As definitionscanbevery long anduseawkwardsyntax,we do not try at presentto
analysethewholedefinition,but we ratherfocuson thesyntaxaroundthedistinctive patterns
relatedto synonymy, "genus+differentia"and specificrelators.Consideringthat the patterns
changedependingon thepartof speech,weanalyseseparatelynouns,verbsandadjectives.

In orderto find out thedistinctive patternsusedby the lexicographer, we selectedat randoma
sampleof 200definitionsperpartof speech.Thepatternsfoundarecodedasmappingrulesof
ConstraintGrammar[Karlson et al., 1995;Tapanainen,1996].We parsethe sample,evaluate
theresultsandrewrite therulesin aniterative fashion.Oncewe getsatisfactoryresultsfor the
currentsample,we selecta new randomsampleandcontinueto write new rulesand/orchange
the old ones.Whenthe desiredquality is obtainedwe stop,andusea last samplein orderto
evaluatethegoodnessof thepresentrules.

As aconsequenceof theapplicationof therules,thelabelsfor thesynonymsandthegeneraare
addedto the definition. In the caseof the specificrelatorswe both mark the word codingthe
relation(the relator) andtheword which is relatedto theheadword via therelator(the related
term). Due to suffixes,both the relatorandthe relatedterm aresometimesfound in the same
word.

As an example,we show below the outputof the systemfor the definition of "gibelzorrotz"
(figure1, page644).

"gibelzorrotz.Udarearenantzeko sagar(relatedterm) mota(relator)." 6
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/<@@headword gibelzorrotz>/<ID>/
/<@@POS noun>/<ID>/
"<Udarearen>"

"udare" IZE ARR DEK GEN NUMS MUGM DEK ABS MG HAS_MAI DEF_HASI
"<antzeko>"

"antzeko" ADJ IZL DEK ABS MG
"<sagar>"

"sagar" IZE ARR ZERO NOTGELGEN S:504 &ERLZ-MOTA10
"<mota>"

"mota" IZE ARR DEK ABS NUMS MUGM AORG NOTGELGEN S:497 &ERLT-MOTA
"<$.>"

PUNT_PUNT

Figure1: Outputof thesystemfor thedefinitionof "gibelzorrotz"

In the caseof nounswe have 23 rules for synonyms,37 for genera,and26 for relatorsand
relatedterms.For verbswe have 12 rulesto marksynonyms,22 for genera,and1 for relators
andrelatedterms.Adjectivesinvolve5 rulesto marksynonyms,4 for genera,and31for relators
andrelatedterms.Table1, page645,shows thelist of therelatorsanddeepsemanticrelations
thatwearecurrentlyconsidering.

As an examplewe show below a coupleof rules that cover a relatorand a relatedterm for
nouns7:

MAP (&ERLT-MOTA) TARGET MOTA
IF (-1 IZE-ZERO-NOTGELGEN) (1 PUNT/PKOMA/KOMA/DEF_BUKA);

MAP (&ERLZ-MOTA10) TARGET IZE-ZERO-NOTGELGEN
IF (1 MOTA) (2 PUNT/PKOMA/KOMA/DEF_BUKA);

In addition to the analysisof the definitions,we tried to find derivational relationships.All
nominal,adjectival and verbal headwords were morphologicallyanalysed,trying to identify
derivationalmorphemes.For instance,"alaitsu"(cf. endnote5) canbeanalysedas"alai + tsu",
anda relationbetween"alai" (joy) and"alaitsu"(joyful) canbeestablished.

At presentwehave treated8 nominalsuffixes,3 adjectival suffixes,1 verbalsuffix and1 verbal
prefix. The roots can be nouns,adjectives or verbsin all combinations,except verbal mor-
phemes,whichhavealwaysaverbalroot.
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Surfacerelator Relation type Part of
speech of
headword

Part of
speech of
related
term

"-etako bat/ -etako bakoitza" Memberof Taxonomy noun noun
"-en txikigarria" Graduation noun noun
"-enhandigarria" Graduation noun noun
"-enkidea" Synonymy

Nearsynonymy
Taxonomy

noun noun

"-ri emanizena" Taxonomy
Hipernymy

noun noun

". . .mota" Typeof Taxonomy
Hipernymy

noun noun

"-era/ -erabat" Mannerof Taxonomy noun noun
". . .modukoa" Nearsynonym noun noun
"-z mintzatuz" Semanticfield noun noun
"-ri dagokiona" Correspondingto noun noun
"egin" Productof noun noun
Adjectivesynonym pattern Nearsynonymy noun adjective
Ellipsis Role

Possession
noun verb

"-z betea" Graduation adjective noun
"-ri dagokiona" Correspondingto adjective noun
"-etako bat/ -etako bakoitza" Memberof Taxonomy adjective noun
"-en txikigarria" Graduation adjective adjective
"-enhandigarria" Graduation adjective adjective
"-ri emanizena" Hypernymy adjective noun
Ellipsis Role

Possession
adjective verb

"-z mintzatuz" Semanticfield verb-noun noun

Table1: List of relators.For somesurfacerelatorsthereis morethanonepossiblerelationtype

5 Results

In orderto evaluatetheresultswe took threesetsof 100previouslyunseenrandomdefinitions,
onefor eachpartof speech.

5.1 Nouns

Wefirst identifiedby handall synonyms,generaandspecificrelatorspresentin thesample(Tar-
get columnin table2). After taggingthesamplewe evaluatedhow many wordswerecorrectly
labelled(OK column),how many wereincorrectlylabelled(Wrongcolumn),how many were
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marked(Markedcolumn,which equalsOK plusWrong), andhow many weremissed(Missed
column).Thecoverageindicateshow many of thetargetsemanticrelationswereactuallyfound
(OK dividedby Target) andtheerrorrateindicateshow many wereincorrectlylabelled(Wrong
dividedby Marked).

Overall, thecoverageon all targetsemanticrelationsfor thenounsin thesampleis 93.4%,and
theerrorrateis 2.8%.Many definitionshavemorethanonelabelledword,giving anaverageof
1.5 semanticrelationsperdefinition.Fromthe100definitionsin thesample,we wereableto
find at leastonesemanticrelationin 97 of them(Definitionsrow in table2).

Target OK Wr ong Mark ed Missed Coverage(%) Err or rate (%)
SYN 72 66 1 67 6 91.7 1.5
GEN 57 53 3 56 4 93.0 5.4
Relator 22 22 22 100.0 0.0

Overall 151 141 4 145 10 93.4 2.8
Definitions 100 97 97 3 97.0

Table2. Resultsfor thesampleof nouns.

After studyingthesamplewe proceededto labelall noundefinitionsin thedictionary(21,521)
and we were able to identify at leastone semanticrelation in 93.7%of them,finding 1.49
semanticrelationsperdefinition.

5.2 Adjectives

In theadjectivesthecoveragefor all relationsin thesampleis 90.8%(seeOverall row in table3),
andtheerrorrateis only 0.9%.Weareableto find semanticrelationsfor 77%of thedefinitions
in thesample.The reasonfor the low coverageis thatmany definitionslack any recognisable
pattern.Apparentlythedefinitionof adjectiveshasnotbeensystematisedin this dictionary.

Target OK Wr ong Mark ed Missed Coverage(%) Err or rate (%)
SYN 42 37 37 5 88.1 0.0
GEN 8 8 1 9 100.0 11.1
Relator 70 64 64 6 91.4 0.0

Overall 120 109 1 110 11 90.8 0.9
Definitions 100 77 77 23 77.0

Table3. Resultsfor sampleof adjectives.

In thedictionarythereare4,308adjective definitions,andwe markat leastoneword in 3,162
of them(73.4%of theadjectival definitions),finding1.48semanticrelationsperdefinition.

5.3 Verbs

Thecoveragein theverbsampleis 93.6%(seetable4), andtheerrorrateis only 0.8%.Wewere
ableto find at leastonerelationfor 92%of thedefinitions.
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Target OK Wr ong Mark ed Missed Coverage(%) Err or rate (%)
SYN 60 57 57 3 95.0 0.0
GEN 78 72 1 73 6 92.3 1.4
Relator 2 2 2 100.0 0.0

Overall 140 131 1 132 9 93.6 0.8
Definitions 100 92 92 8 92.0

Table4. Resultsfor sampleof verbs

In the dictionarythereare5,686verb definitions,andwe mark at leastoneword in 5,243of
them,92.2%of definitions,finding1.47semanticrelationsperdefinition.

5.4 Derivation

To evaluatethisapproachwetookarandomsampleof 100derivedheadwords(seetable5).The
morphologicalanalyserhasprovedto have a very low error ratio but many derivedheadwords
weremissed,dueto somelimitations in our lexical database.We arecurrentlyextendingthe
numberof derivationalsuffixesin thedatabase,focusingspeciallyin adjectival suffixes,in order
to compensatethelow coveragein theanalysisof theadjectivedefinitions.

Target OK Wr ong
Nouns 35 13 1
Adjectives 49 26
Verbs 8 8

Overall 92 47 1
Table5. Resultsof derivation.

6 Contrib ution fr om a lexicographicpoint of view

From a lexicographicpoint of view, we must underlinethat this researchcan contribute in
differentways,giving usadifferentview of thedictionarymakingprocessandof thedictionary
itself conceivedasa tool "that explainswords".This kind of work makesclearthe dictionary
viewedasa setof relatedsensesor concepts,providing theuserwith moresophisticatedways
of finding informationwhenconsultingit.

If we searchfor a word in an ordinarydictionary, we canknow what it meansand,we may
find somewordsrelatedwith theentry. The researchherepresentedcanbe usedin the future
for searchingall the relatedwordsof a lexical entry, allowing the readerfinding wordshe or
shedoesn’t know or can’t remember. So, the userwill be able to find, for instance,all the
synonymsof a givenword, its genericterm, the wordsthat have someotherrelationswith it,
andits semanticgroup.

For example,we can look up the noun"madariondo"(Basquefor "pear tree") in the Euskal
Hiztegia. This definition tells us simply that it is a synonym of "udareondo",but if we want
moreinformation,we will have to look for "udareondo"in orderto find out that it belongsto
the rosefamily, andto know that its flowersarewhite. In our future tool all this information
will betogetherandrelated.
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Thecaseof derivationshows usanotherexampleof relatedwordsthatcanbeexplicitly joined
thanksto this kind of research.As a result,a big amountof wordsbelongingto differentparts
of speechwill berelated.

7 Conclusionsand futur ework

We have presentedanefficient framework for theextractionof semanticrelationsfrom mono-
lingual dictionaries.At presentwe focuson themaindefiningrelationsi.e. thoseof synonymy
andhypernymy, andthoseconveyedby specificrelators.Thesesemanticrelationswill bestored
in thelexical databasefor Basque.Wehaveextracted42,533relations,leaving only 2,943(9%)
definitions,mostlyadjectives,withoutany extractedrelation.Theerrorrateis very low, asonly
2.2%of theextractedrelationsarewrong.

Our approachcombinesa morphologicalanalyserandsurfacesyntaxparsingbasedon Con-
straint Grammar, which hasproven very successfulfor a highly inflected languagesuchas
Basque.Both theeffort to write therulesandtheactualprocessingtime of thedictionaryhave
beenvery low.

In the futurewe plan to cover thesemanticrelationsin therestof thedefinition,that is, those
relationsinvolved in thepartof thedefinitionwhich is not themain definingpattern.For this
we will beusingmorepowerful partialparsers[Aldezabalet al., 1999].Besides,thecoverage
of derivationalphenomenais alsobeingextended,focusingspeciallyin adjectival suffixes,in
orderto reducethenumberof adjectiveswithoutany relation.

In orderto includetheextractedrelationsin thelexical database,it is necessaryto performtwo
disambiguationprocesses.On theonehand,therearesomecasesin which thesurfacerelation
extractedis ambiguous,thatis, it couldconvey morethanonedeepsemanticrelation(cf. table
1). On the otherhand,the word sensesof the words in the semanticrelationhave to be also
determined.
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Notes
1The entriesof the dictionarycomprisethe following: headword, part of speech,dateinformation,

sensegroupingandnumber, definition,examples,subentries,etc.Mostof thefieldsareoptional,andcan
berepeated.

2Finish.Terminate(syn.), complete(syn.).

3Aircraft. Vehicle(genus/ hypernym) whichcanfly (differentia).
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4Horsefly. Any deerfly, namegivento (relator)someTabanidaefamily insects(relatedterm).

5Joyful. Full of joy (theroot "joy" is relatedto "joyful")

6Gibelzorrotz.Kind of (relator) apple(relatedterm) similar to a pear. The relator is taggedwith
&ERLT-MOTA andtherelatedtermwith &ERLZ-MOTA10 (10 is usedfor rule identificationin debug-
ging).

7The first rule could be paraphrasedas follows: tag the word "mota" as being a relator (&ERLT-
MOTA) if it is precededby anounin non-genitive form, andfollowedby apunctuationsign.

Thesecondrule tagsasrelatedterm(&ERLZ-MOTA) anon-genitive nounwhich is followedby the
word "mota"andapunctuationsign.
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