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Abstract

This paperdealswith the exploitationof dictionariesfor the semi-automaticonstructiorof lexiconsand
lexical knowledgebasesThe final goal of our researchs to enrichthe Basquelexical Databasavith
semantiénformationsuchassensesjefinitions,semantiaelations etc.,extractedfrom a Basquemono-
lingual dictionary Thework herepresentedocuseson the extractionof the semantiaelationsthat best
characteris¢gheheadverd, thatis, thoseof synorymy, antorymy, hyperrymy, andotherrelationsmarked
by specificrelatorsandderivation. All nominal,verbalandadjectval entriesweretreated Basqueuses
morphologicalinflectionto markcase andthereforesemantiaelationshave to beinferredfrom sufiixes
ratherthanfrom prepositionsOurapproactcombinesamorphologicabnalyselandsuriacesyntaxpars-
ing (basedon ConstraintGrammar) andhasprovenvery successfufor highly inflectedlanguagesuch
asBasqueBoth the effort to write the rulesandthe actualprocessingime of the dictionaryhave been
very low. At presentve have extractedd2,533relations leaving only 2,943(9%) definitionswithoutary
extractedrelation.Theerrorrateis extremelylow, asonly 2.2%of the extractedrelationsarewrong.

1 Intr oduction

This paperdealswith theexploitationof dictionariedor thesemi-automaticonstructiorof lex-
iconsand lexical knowledgebaseg§Amsler, 1981; Calzolari/Picchi,1986; Bogura®/Briscoe,
1989; Richardsoret al., 1998]. Our researctgroup hasbeenpreviously involved in creating
a Dictionary Knowledge Basefrom the definitionsin a Frenchmonolingualdictionary [Ar-
tola, 1993;Agirre et al., 1997]. The final goal of the presentresearchs to enrichthe Basque
Lexical Databas€EDBL) [Aduriz, 1998]with semantianformationsuchasword sensesgef-
initions, semanticrelations,etc., extractedfrom a Basquemonolingualdictionary called Eu-
skal Hiztegia [Sarasola,1996]. Previous to ary linguistic processingthe structureof the dic-
tionary was parsedand encodedollowing the Text Encodinglnitiative guidelines[Sperbeg-
McQueen/Burnard1994]. The definitionsand examplesof the dictionary have beenparsed
using ConstraintGrammarKarlssonet al., 1995; Tapanainen1996], which wasalsousedto
extractthe semantiaelations.

The work here presentedocuseson the extraction of the semanticrelationsthat bestchar
acterisethe headvord, thatis, thoseof synorymy, antorymy, hyperrymy, and otherrelations
marked by specificrelatorsand deriation. All nominal, verbal and adjectval entrieswere
treated.Ilt mustbe highlightedthat Basqueusesmorphologicalinflectionto mark case which
meanghatsemantiaelationshave to beinferredfrom suffixesratherthanfrom prepositions.
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In thefollowing sectionwe presenthetargetdictionaryandtherelationswe have beenseeking.
In section3 the methodusedto extractthe relationsandthe resultsobtainedare showvn. The
mappingfrom surfacerelationsto semanticrelationsis discussedn section4. Finally some
conclusionsaredravn.

2 Featuresof the dictionary

EuskalHiztggia [Sarasola,1996]is a monolingualdictionary of Basquelt is normatve and
repositoryof standardBasquelt wasproducedbasedmainly on literary tradition. The dictio-
naryhas30,715entriesand41,699senses.

The sourcedictionarywasoriginally in Rich Text Format,lacking any structureexcepttypo-
graphicalcodes.In orderto structurethe entriesand identify the fields 1, the dictionarywas
parsedusinga Definite ClauseGrammar The structuredentriesareencodedn SGML follow-
ing the TEI guidelinesfor monolingualdictionaries[Sperbeg-McQueen/Burnardl994]. The
whole procesf corversionandthe applicationof the TEI representatiomare coveredin [Ar-
riola etal., 1995;Arriola/Soroa,1996].

The parsingof typographicalcodesinto a structuredrepresentatioms a painstakingprocess.
At present77% of the entrieshave beencompletelyanalysedwithout error, andan additional
20% of the entriesarebasicallycorrectin regardto the structureof the entry, thatis, the parts
of speechthe sensenumbersthe definitionsandthe examples.This yields 97% of the entries
correctexcepterrorsin thedate,in thegrammarcodesor someotherminor errors.For thetask
at handthe resultsof the parsingare highly satiskctory but we are alsoplanningto produce
andreleasea hand-checkd commercialersionof thedictionary

3 Superficial Relations Treated

Accordingto SmithandMaxwell (1980),therearebasicallythreewaysto definealexical entry:

¢ By meansf asynorym, giving aword thathasthesamemeaningTheheadvord andthe
synorym belongto the samepartof speech.

e By meanof aclassicdescriptionwhichfollowsthegenusetdifferentiaspecificgpattern.
Themeaningof theheadveordis givenby agenericderm(thegenus)andthedescriptiorof
the featureghatdistinguishthe headvord (differentia) from the givengenericterm.The
genuss usuallythe coreof the definition sentenceThe genusandthe headvord usually
belongto the samepart of speechA hyperrymy relation holds betweenthe headvord
andthe genusthatis, the genusis a genericterm, andthe headveord is a more specific
term.

e By meansof specificrelators which arespecialisegyntacticwaysof linking a definition
word with the headvord. The coreof the definitionandthe headvord arenot necessarily
of thesamepartof speechThespecificrelatorusedin thedefinitionoftendetermineshe
semantiaelationthatholdsbetweerthe headvord andthe coreof the definition.
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A singledefinition cancontainall of the threedefining patterns someof themrepeatedlyln
addition,theheadvord canbeaderivedform. In this casethe suffix or prefixwill yield therela-
tion betweerthe headvord andtheroot [Penthedourakis/dhderwendel 993]. Someexamples
areshown below:

n 2

"akabatuBukatu(syn.) amaitu(syn.)
"aireontzi.Hegaldadaiteleen(differentia)zernahibilgailu (genus/hyperym)." 3
"ezparaHabea(syn.) Tabanidadamiliako intsektiei (relatedword) ematereaienizena
(relator)" #

"alaitsu (derivation). Alaitasunedetea."®

4 Method

Thefirst stepis the tokenisationandthe morphosyntacti@analysisandtaggingof the definition
units. Basqueis an agglutinatve languagewith high morphologiccompleity, which makes
robustmorphosyntactianalysisvery essentiaJAduriz etal.,1999].We useM ORFEUS, arobust
morphosyntacti@analyserfor BasqugUrkia, 1997;Alegriaetal., 1996].

In a secondstep,the structureof the definition is analysedin orderto locatethe definition
patterns As definitionscanbe very long anduseawkward syntax,we do not try at presento
analysethe whole definition, but we ratherfocuson the syntaxaroundthe distinctive patterns
relatedto synorymy, "genus+diferentia” and specificrelators.Consideringthat the patterns
changedependingon the partof speechwe analyseseparatelynouns verbsandadjectves.

In orderto find out the distinctive patternsusedby the lexicographerwe selectecat randoma
sampleof 200definitionsper partof speechThe patterndound arecodedasmappingrulesof
ConstraintGrammar{Karlson et al., 1995; Tapanainen1996]. We parsethe sample evaluate
theresultsandrewrite therulesin aniterative fashion.Oncewe getsatishctoryresultsfor the
currentsample we selecta new randomsampleandcontinueto write new rulesand/orchange
the old ones.Whenthe desiredquality is obtainedwe stop,andusea last samplein orderto
evaluatethe goodnes®sf the presentules.

As aconsequencef theapplicationof therules,thelabelsfor the synorymsandthegeneraare
addedto the definition. In the caseof the specificrelatorswe both mark the word codingthe
relation(therelator) andtheword which is relatedto the headverd via therelator(therelated
term). Due to sufiixes,both the relatorandthe relatedterm are sometimedound in the same
word.

As an example,we shov below the outputof the systemfor the definition of "gibelzorrotz"
(figure 1, page644).

"gibelzorrotz.Udarearerantzelk sagar(relatedterm) mota(relator)." ©
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[ <@eadword gi bel zorrotz>/ <l D>/
| <@@®0s noun>/ <l D>/
"<Udar ear en>"
"udare" |ZE ARR DEK GEN NUVMS MJUGM DEK ABS MG HAS MAI DEF_HASI
"<ant zeko>"
"ant zeko" ADJ |ZL DEK ABS MG
"<sagar>"
"sagar" | ZE ARR ZERO NOTGELGEN S: 504 &ERLZ- MOTA10
" <not a>"
"mota" | ZE ARR DEK ABS NUMS MJUGM AORG NOTGELGEN S: 497 &ERLT- MOTA
"<$. >"
PUNT_PUNT

Figurel: Outputof the systemfor the definitionof "gibelzorrotz"

In the caseof nounswe have 23 rulesfor synoryms, 37 for genera,and 26 for relatorsand
relatedterms.For verbswe have 12 rulesto mark synoryms, 22 for generaand1 for relators
andrelatedterms.Adjectivesinvolve 5 rulesto marksynoryms,4 for generaand31for relators
andrelatedterms.Table 1, page645, shavs thelist of therelatorsanddeepsemantiaelations
thatwe arecurrentlyconsidering.

As an examplewe showv belov a coupleof rulesthat cover a relator and a relatedterm for
noung:

MAP ( &ERLT- MOTA) TARGET MOTA

|F (-1 | ZE- ZERO- NOTGELGEN) (1 PUNT/ PKOVAV KOV DEF_BUKA) ;
MAP ( &ERLZ- MOTA10) TARGET | ZE- ZERO- NOTGELGEN

|E (1 MOTA) (2 PUNT/ PKOVY KOV DEF_BUKA) ;

In additionto the analysisof the definitions,we tried to find derivational relationshipsAll
nominal, adjectval and verbal headverds were morphologicallyanalysedirying to identify
derivationalmorphemeskor instance; alaitsu” (cf. endnoteb) canbe analysedas"alai + tsu”,
andarelationbetweenr'alai" (joy) and"alaitsu” (joyful) canbe established.

At presentve have treated8 nominalsuffixes,3 adjectval suffixes,1 verbalsuffix and1 verbal
prefix. The roots can be nouns,adjectves or verbsin all combinationsexceptverbal mor
phemeswhich have alwaysa verbalroot.
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Surfacerelator Relation type Part of | Part of
speech of | speech of
headvord | related

term
"-etako bat/ -etalo bakoitza" | Memberof Taxonomy | noun noun
"-entxikigarria" Graduation noun noun
"-en handigarria” Graduation noun noun
"-enkidea" Synorymy noun noun
Nearsynorymy
Taxonomy

"-ri emanizena" Taxonomy noun noun
Hipernymy

" .. mota" Type of Taxonomy noun noun
Hipernymy

"-eral/ -erabat" Mannerof Taxonomy | noun noun

"...moduloa” Nearsynorym noun noun

"-z mintzatuz" Semantidield noun noun

"-ri dagokiona" Correspondingo noun noun

"egin” Productof noun noun

Adjective synorym pattern | Nearsynorymy noun adjectve

Ellipsis Role noun verb

Possession

"-z betea" Graduation adjectve noun

"-ri dagokiona" Correspondingo adjectve noun

"-etako bat/ -etalo baloitza" | Memberof Taxonomy | adjectve noun

"-entxikigarria" Graduation adjectve adjectve

"-enhandigarria” Graduation adjectve adjectve

"-ri emanizena” Hyperrymy adjectve noun

Ellipsis Role adjectve verb

Possession
"-z mintzatuz" Semantidield verb-noun | noun

Tablel: List of relators.For somesurfacerelatorsthereis morethanonepossiblerelationtype

5 Results

In orderto evaluatetheresultswe took threesetsof 100 previously unseermrandomdefinitions,
onefor eachpartof speech.

5.1 Nouns

Wefirstidentifiedby handall synoryms,generaandspecificrelatorspresentn thesample(Tar-
getcolumnin table2). After taggingthe samplewe evaluatechow mary wordswerecorrectly
labelled(OK column),how mary wereincorrectlylabelled(Wrong column),how mary were
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marked (Marked column,which equalsOK plus Wrong), andhow mary weremissed(Missed
column).Thecoveragendicateshow mary of thetagetsemantiaelationswereactuallyfound
(OK dividedby Target) andtheerrorrateindicateshow mary wereincorrectlylabelled(Wrong
dividedby Marked).

Overall,the coverageon all tagetsemantiaelationsfor the nounsin the sampleis 93.4%,and
theerrorrateis 2.8%.Many definitionshave morethanonelabelledword, giving anaverageof
1.5 semantiaelationsper definition. From the 100 definitionsin the sample we wereableto
find atleastonesemantiaelationin 97 of them(Definitionsrow in table?2).

Target | OK | Wrong | Mark ed | Missed | Coverage(%) | Error rate (%)
SYN 72| 66 1 67 6 91.7 15
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 the sampleof nouns.

After studyingthe samplewe proceededo labelall noundefinitionsin the dictionary(21,521)
and we were able to identify at leastone semanticrelationin 93.7% of them, finding 1.49
semantiaelationsperdefinition.

5.2 Adjectives

In theadjectvesthecoveragdor all relationsin thesampléds 90.8%(seeOveiall row in table3),
andtheerrorrateis only 0.9%.We areableto find semantiaelationsfor 77%of thedefinitions
in the sample.The reasorfor the low coverageis thatmary definitionslack any recognisable

pattern Apparentlythe definition of adjectveshasnot beensystematiseth this dictionary

Target | OK | Wrong | Mark ed | Missed | Coverage(%) | Error 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 adjectves.

In the dictionarythereare4,308adjectve definitions,andwe mark at leastoneword in 3,162
of them(73.4%o0f the adjectval definitions),finding 1.48semantiaelationsperdefinition.

5.3 Verbs

Thecoveragen theverbsamples 93.6%(seetable4), andtheerrorrateis only 0.8%.We were
ableto find atleastonerelationfor 92% of the definitions.
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Target | OK | Wrong | 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 dictionarythereare 5,686 verb definitions,andwe mark at leastone word in 5,243 of
them,92.2%of definitions,finding 1.47 semantiaelationsperdefinition.

5.4 Derivation

To evaluatethis approactwe tookarandomsampleof 100dervedheadvords(seetable5). The
morphologicalanalysethasprovedto have a very low errorratio but mary derived headvords
weremissed,dueto somelimitationsin our lexical databaseWe are currently extendingthe
numberof derivationalsuffixesin thedatabasepcusingspeciallyin adjectval sufiixes,in order
to compensatéhelow coveragein the analysisof the adjectve definitions.

Target | OK | Wrong
Nouns 35| 13 1
Adjectives 49| 26
Verbs 8 8
Overall 92| 47| 1
Table5. Resultsof derivation.

6 Contrib ution from a lexicographic point of view

From a lexicographicpoint of view, we must underlinethat this researchcan contribute in
differentways,giving usadifferentview of thedictionarymakingprocessandof thedictionary
itself conceved asa tool "that explainswords". This kind of work malkesclearthe dictionary
viewed asa setof relatedsense®r conceptsproviding the userwith moresophisticatedvays
of finding informationwhenconsultingit.

If we searchfor a word in an ordinary dictionary we canknow what it meansand, we may
find somewordsrelatedwith the entry The researctherepresentedanbe usedin the future
for searchingall the relatedwordsof a lexical entry, allowing the readerfinding wordshe or
shedoesnt know or cant rememberSo, the userwill be ableto find, for instance all the
synoryms of a givenword, its genericterm, the wordsthat have someotherrelationswith it,
andits semantigroup.

For example,we canlook up the noun"madariondo”(Basquefor "peartree") in the Euskal
Hiztegia. This definition tells us simply thatit is a synorym of "udareondo” put if we want
moreinformation,we will have to look for "udareondo'in orderto find out thatit belongsto
the rosefamily, andto know thatits flowersarewhite. In our future tool all this information
will betogetherandrelated.
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The caseof derivationshowns us anotherexampleof relatedwordsthatcanbe explicitly joined
thanksto this kind of researchAs a result,a big amountof wordsbelongingto differentparts
of speechwill berelated.

7 Conclusionsand futur e work

We have presentedn efficient framework for the extractionof semantiaelationsfrom mono-
lingual dictionaries At presentwe focuson the maindefiningrelationsi.e. thoseof synorymy
andhyperrymy, andthosecorveyedby specificrelators.Thesesemantiaelationswill bestored
in thelexical databaséor BasqueWe have extracted42,533relations Jeaving only 2,943(9%)
definitions,mostly adjectves,without arny extractedrelation.Theerrorrateis verylow, asonly
2.2%o0f the extractedrelationsarewrong.

Our approachcombinesa morphologicalanalyserand surface syntaxparsingbasedon Con-
straint Grammay which has proven very successfufor a highly inflectedlanguagesuchas
BasqueBoth the effort to write the rulesandthe actualprocessindime of the dictionaryhave
beenvery low.

In the future we planto cover the semantiaelationsin the restof the definition, thatis, those
relationsinvolvedin the partof the definition which is not the main defining pattern.For this
we will beusingmorepowerful partial parserdAldezabaletal., 1999]. Besidesthe coverage
of derivationalphenomenas alsobeingextended focusingspeciallyin adjectval sufiixes,in
orderto reducethe numberof adjectveswithout ary relation.

In orderto includethe extractedrelationsin thelexical databasei is necessaryo performtwo
disambiguatiorprocessesOn the onehand,therearesomecasesn which the surfacerelation
extractedis ambiguousthatis, it could corvey morethanonedeepsemantiaelation(cf. table
1). On the otherhand,the word sensef the wordsin the semanticrelationhave to be also
determined.
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Notes

1The entriesof the dictionary comprisethe following: headverd, part of speechgdateinformation,
sensgyroupingandnumbey definition,examples subentriesetc. Most of thefieldsareoptional,andcan
berepeated.

2Finish. Terminate(syn.) complete(syn.)
SAircraft. Vehicle (genus’ hyperrym) which canfly (differentia)
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“Horsefly Any deerfly namegivento (relator)someTabanidadamily insects(relatedterm)

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

5Gibelzorrotz.Kind of (relator) apple (relatedterm) similar to a pear The relatoris taggedwith
&ERLT-MOTA andtherelatedtermwith &ERLZ-MOTAL0 (10is usedfor rule identificationin detug-

ging).
"The first rule could be paraphrasedas follows: tag the word "mota" as being a relator (&ERLT-
MOTA) if it is precededy anounin non-genitve form, andfollowed by a punctuatiorsign.

Theseconduletagsasrelatedterm(&ERLZ-MOTA) anon-genitve nounwhichis followedby the

word "mota" anda punctuatiorsign.
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