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Abstract
We presenta lexical resourcecomprisingmorphologicalandsyntacticinformation.The resourceis re-
alisedasa relationaldatabase,which facilitatestheaccessandadministrationof thedata.Sophisticated
toolshave beendevelopedto allow a user-friendly usageof theresource.Oneapplication,a broadcov-
erageparser, whichmakesuseof boththemorphologicalandsyntacticpartof thedatabase,is presented
in detail.

1 Intr oduction

In the last years,several lexical resourceshave beendevelopedat the Institute for Natural
LanguageProcessing(IMS) of the University of Stuttgart.Theseinclude the lexicon of a
morphologytool ([SCHILLER 1996]), a taggerlexicon ([SCHMID 1994]), a lexicon for sub-
categorisationinformation ([ECKLE 1999]), and speciallexicons usedfor syntacticparsing
([BRÖKER/DIPPER 1999]). Thepurposeof IMSLex is to link togethertheseresourcesto build
acommonone.Thus,differentlevelsof linguisticdescriptionareaccessiblein auniquesource.
This resourceis realisedasa relationaldatabasecomprisingtablescorrespondingto the indi-
vidual (level-specific)sublexicons.Informationfrom thedifferentsublexiconsis linkedthrough
a commontablecontaininglemmainformationandpointersto the readingsrelevant for each
level.
Themainadvantageof a databaseapproachis thefacility to accesscentrallystoreddatawhich
is alwaysupto date.Besides,theaccessandmanipulationof theresourceis realisedvia SQL,a
powerful standardisedquerylanguage.SQL programminginterfacesareavailablefor all com-
monly usedprogramminglanguages,which enableseasyintegrationof thelexiconsinto appli-
cations.

The architectureof IMSLex is illustratedin figure 1: the resourcewill be extendedcontinu-
ously by using(semi-)automaticacquisitionfrom large text corporaand,asa secondstrand,
an interactive maintenancetool (LexiTool). The applicationlexiconscanbe derived from the
database.Currently, the resourceis usedby NLP systemsfor tagging,morphologicalanalysis
andbroadcoverageparsingin theframework of Lexical FunctionalGrammar(LFG). To query
thedatabasewehavedevelopedasophisticatedgraphicaluserinterface(LexiExplorer).
In the following two sections,the morphologicaland syntacticpartsof the architectureare
describedin detail (cf. section2 and3, respectively). Finally, we illustratehow the lexicons
togetherfeedtheparsingapplication(cf. section4).
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Figure1: Architectureof IMSLex

2 Mor phology

2.1 Maintaining the database

When building the morphologicaldatabase,we startedfrom the lexicon of a computational
morphologysystem.In order to allow for a user-friendly extensionof the database,we have
developeda sophisticatedacquisitiontool for interactive lexicon maintenance(LexiTool, cf.
[LEZIUS ET AL . 1999]). When enteringa new word, the user is asked the minimal number
of questionsnecessaryto infer the new word’s inflection type. The questionsare internally
modelledasa decisiontree.In mostcasesonly the lemmahasto be typedin, andquestions
areansweredby markingthecorrectoneamongthesuggestedalternatives.To allow theuserto
checktheentryfor correctness,theresultingparadigmcanbedisplayedby LexiTool.Currently,
thelexiconcomprises65.000entriesandis extendedcontinuously.

2.2 The database

Themorphologicalpartof thedatabasecontainsthe lemmasof thedifferentword classes,the
respective inflectionclasses,andsomeadministrative information(suchasdateof entry).The
structureof thebasictableis illustratedin figure2.

field type length description

Lemma text variable
Oberflächenform text variable suppletive form: ging � geh

�
en�

Flexionsklasse text variable inflection type according to morphology system
Name_Eintragender text variable user name; short form
Eintragsdatum date fixed date of entry; e.g. 10/15/1999

Figure2: Structureof thebasictableof themorphologicalsectionof IMSLex
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Eachword classis storedin a tablederived from this basictableplus additionalinformation,
e.g.participleconstructionfor verbs.As aconsequence,differentwordclassescanbecombined
in asingleSQLquery. In thefollowing example,a join is performedon two tables,showing all
thenounsocuuringin thedatabaseasacommonnounandpropernoun.1

SELECT Substantive.Lem ma FROM Substantive, Eigennamen
WHERESubstantive.Lemm a = Eigennamen.Lemma ;

To illustratehow linguistscanprofit from theresourcein combinationwith theexpressiveness
of SQL, thefollowing exampleshows how to determineall verbstemsin theresourcethatcan
be concatenatedwith the suffix -bar resultingin an adjective which is alsocontainedin the
database(wunder(n)� wunderbar; engl.(to) marvel � marvellous).2

SELECT Lemma FROM Verben
WHERELemma IN

(SELECT rtrim(rtrim(rt ri m(Lemma,’ r’ ), ’a’), ’b’)
FROMAdjektive WHERELemma ~ ’.+bar$’);

2.3 Querying the database

To make queryingthe databaseas easyas possible,we have developeda user-friendly tool
(LexiExplorer, cf. figure3) which combinesanSQL-basedanda query-by-example-basedvi-
sualinterface.Thusno specificdatabaseknowledge(andno knowledgeof SQL) is necessary
for posingsimplequeries.

Figure3: Databaseexplorationassistedby thetool LexiExplorer
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3 Syntax

3.1 Extraction of subcategorisationframes

Besidesmorphologicalinformation,thelexical databaseprovidesfor asecondtypeof informa-
tion thatis essentialfor syntacticapplicationssuchasparsing.This includesinformationabout
subcategorisationframesanddifferentkinds of distributional information,suchasnounsthat
canbeusedin measureexpressions(e.g.Liter in 1 Liter Wasser(1l of water)),specialadverbs
(e.g.rund in rund 100 Leute(about100 people)),adjectivesusableonly attributively or only
predicatively, etc.Among these,subcategorisationframesfor verbsaremostprominent:each
canonicalsentencecontainsat leastoneverbandfurthermore,subcategorisationframesaredif-
ficult to predictbecauseof their broadvariety (the IMS lexical databasecurrently lists about
350differenttypesof frames).

Subcategorisation lexicons supporting wide coverage grammarscan be extracted semi-
automaticallyfrom corpora(cf. [ECKLE 1999]; the lexical databasecurrently containssub-
categorisationinformationfor about14.000lemmas).However, theselexiconsarenecessarily
incompletesincethey only containframesthatshowedup in a corpus.In thefollowing section
wepresentsemi-automaticapproachesfor thecompletionof thelexicon.

3.2 Rulesand heuristics for completionof the lexicon

Thearchitecturewe presentprovidesfor operationson thesetof all subcategorisationframes
of a lemma.3 Theseoperationsallow for systematicaddingof missingframes.An exampleis
providedby verbswith locative complements:supposethat for a givenverb, in a corpusyou
find asignificantnumberof frameinstancesthatonly differ with respectto theprepositionthat
is subcategorised.If furthermoretheseprepositionsarelocativeones,onecanhypothesisethat
theverbsubcategorisesfor a locativecomplement.Thusall missinglocativeprepositions(i.e.,
theonesthatdid not show up in thecorpus)canbeaddedto thelexicon.

In thesameway, severalframesmaybecollapsedinto onein casethedistinctionbetweentwoor
moreframesis not relevantfor theapplicationin question;e.g.framesthatareidenticalmodulo
a correlative escanbecollapsedfor parsing,following [BERMAN ET AL . 1998]. Likewisethe
mechanismcanbeusedto setpreferencemarks.An examplearetransitiveverbswhoseobjects
canbe omitted.In casea sentencewith sucha transitive verb is ambiguousandallows for a
readingasboth transitive and intransitive, the transitive readingcanbe marked aspreferred.
Thusin a sentencelike Heuteißt HansBrot (today, Hanseatsbread),Brot will preferablybe
analysedasobject(andnot e.g.asthelastnameof Hans). Notethatonly thetransitive frames
of verbswith analternative intransitivereadingwill bemarkedaspreferred.

3.3 Mapping to LFG representation

Thesubcategorisationframescontainedin thelexical databaseareencodedin theTSNLPfor-
mat (cf. [ESTIVAL ET AL . 1995]). At the IMS, we supportparsingin the framework of LFG.
For this application,the framesaremappedto a representationprocessibleby theLFG gram-
mar. Sinceframesareoften addedor modified,this mappingis doneautomaticallyand in a
modularway. Thusit is guaranteedthatafterany modificationof thelexical database,theLFG
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lexicon canbeupdatedimmediatelyandhencecantake advantageof any improvementof the
lexical database.

The framesaremappedboth to macrosthat supplytheverb’s predicate-argumentstructurein
LFG formataswell asto macrosproviding for otherinformationrelevant for parsing,suchas
caserestrictionon nominalarguments,restrictionson sententialandprepositionalarguments,
etc. In our application,diatheseslike passive are also generatedduring the conversion.The
mappingfrom the TSNLP format to the LFG format of the exampleverb essen(to eat) is
illustratedin thefigures4 and5.4

Lemma Subcategorisation frame Example

essen (subj(NP_nom),o bj (N P_ac c)) Hansißt Brot. (Hanseatsbread.)
essen (subj(NP_nom)) Hansißt. (Hansis eating.)

Figure4: TSNLP-formatof thesubcategorisationframesof theverbessen

Lemma Subcategorisation frame Example
essen { @(NPnom-NPacc essen) Hansißt Brot. (Hanseatsbread.)�

@(null-NPnom-P ASSI VE essen) Brot wird gegessen.(Breadis eaten.)�
@(NPnomessen) @(DISPR) Hansißt. (Hansis eating.)�
@(null-PASSIVE essen) @(DISPR) Heutewird gegessen.

} (Today, oneeats.)

Figure5: LFG-mappingof thesubcategorisationframesof theverbessen

4 Using the resourcesin parsing

For applicationslike parsing,not only subcategorisationinformationis necessarybut morpho-
logical informationaswell. Bothareprovidedby thelexical database.

Whenparsinga sentence,eachword first is analysedby a morphologicalcomponent(derived
from the lexical database).Themorphologicalanalysisprovidesinformationabouttheword’s
lemmaform, its partof speech,andinflection. In a secondstep,thesubcategorisationlexicon
is looked up for information aboutthe lemma.Finally, the LFG grammaranalysesthe sen-
tence,takinginto accountbothmorphologicalandsubcategorisationinformation.In figure6 an
examplewith theverb ißt (eats)is depicted.

In ourscenario,boththemorphologicalcomponentaswell asthesubcategorisationlexiconare
derivedfrom acommonsource,thelexical database.Themainadvantagesare:

� Thelexiconusedby themorphologicalcomponentandthesubcategorisationlexiconhave
to besynchronisedwith respectto thelemmaforms.Thatis, thelemmaformsusedin both
lexiconsmustbe identical(e.g.essenin figure 6). This requirementis easierto fulfil if
bothlexiconsstartout from onecommonsource.
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...ißt ...�
Morphology� �

essen +Verb +Indc +3P +Sg +Pres�
Subcategorisation

�
�

@(NPnom-NPacc essen) ...� �
LFG grammar

Figure6: LFG analysisof theword form ißt

� TheLFG grammardevelopedat the IMS is usedfor parsingnewspapertexts. Typically
thesetexts containmany neologisms,so a well organizedlexical databaseis extremely
important.Thisguaranteesthat(i) new entriescanbeeasilyaddedto thedatabase,(ii) the
entriesareconsistent,and(iii) applicationslike parsingcanimmediatelytake advantage
of all improvements,on thelevel of bothmorphologyaswell assubcategorisation.

Conclusions

Wehavepresentedanarchitecturefor a lexical databasecomprisingmorphologicalandsyntac-
tical information.Thenext stepis to integratesemanticinformation.

Notes
1Literally: ”Retrieve all lemmasfrom bothtables,thatof nouns(Substantive ) andthatof proper

names(Eigennamen ), wherethelemmaform of thenounis identicalto thelemmaform of theproper
name.”

2Literally: ”Retrieve all lemmasfrom theverb table,wherethe lemmais enclosedin the following
list: all lemmasfrom theadjective tablewhichendon -bar, shortenedby thesuffix -bar.”

3Thispropertydistinguishestheoperationsdescribedherefrom traditionallexical ruleslike rulesfor
passivisation.Theserulesonly applyto onesubcategorisationframeof a verbat a time,asopposedto a
setof frames.

4TSNLP format: for eachcomplement,its function (e.g. subj) and its category (e.g. NP_nom)
is specified.Complementsare separatedby commas.LFG format: the notation is basedon XLE,
the grammardevelopmentenvironment of Xerox, which is used in the LFG parsingproject (Par-
Gram:http://www.parc .x er ox. co m/is tl /gr oups /n lt t/p ar gr am/ ). @(����� ) represents
amacrocall, { ...| ...} indicatesadisjunction.
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