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Abstract

This paperreportson the TIGER Treebank,a corpusof currently 35.000syntacticallyan-
notatedGermannewspapersentencesWe describewhat kind of informationis encodedn the
treebankandintroducethe differentrepresentatiofiormatsthat are usedfor the annotationand
exploitation of the treebank.We explain the differentmethodsusedfor the annotation:interac-
tive annotation usingthe tool Annotate andLFG parsing. Furthermorewe give an accountof
the annotationschemeusedfor the TIGER treebank.This schemds an extendedandimproved
versionof the NEGRA annotatiorschemeandwe illustratein detailthelinguistic extensionghat
weremadeconcerninghe annotationin the TIGER project. The maindifferencesareconcerned
with coordination,verb-subcatgorization,expletivesaswell aspropernouns. In addition, the
paperalsopresentghe querytool TIGERSearchhatwasdevelopedin the projectto exploit the
treebankin anadequatevay. We describethe querylanguagewnhich wasdesignedo facilitatea
simpleformulationof complex queries;furthermore we shortly introduceTIGERIn, a graphical
userinterfacefor queryinput. The paperconcludesvith asummaryandsomedirectionsfor future
work.

1 Introduction

Corpus-basedhethodsplay animportantrole in empiricallinguisticsaswell asin machinelearning
methodsn NLP. In thesewo areaf researchlarge naturallanguagecorporagenrichedwith syntactic
information,areneededThus,in recentyears therehasbeenanincreasingnterestn the construction
of thesesyntacticallyannotateatorpora,commonlycalled‘treebanks’(Lezius,2001).

For Germanthefirstinitiative in thefield of treebanksvasthe NEGRA Corpus((Skut,Brants Krenn,
& Uszloreit, 1998)and (Brants,Skut, & Uszloreit, 1999)),which containssyntacticallyinterpreted
newspapetexts. Furthermorethereis the VerbmobilCorpus(Wahlstey 2000),which coversthearea
of spolenlanguage.

This paperreportson the TIGER Treebankproject, which aimsat building the largestand mostex-
haustvely annotatedreebankfor German.The annotatiorformat andschemearebasedon the NE-
GRA corpus;however, the TIGER Treebankexceedghe NEGRA corpusin sizeaswell asin detail
of annotation Sincethe NEGRA Corpusis ratherrestrictedn its size(20,000syntacticallyannotated
sentencesandthe Verbmobil Corpusin its domains(i.e. spontaneouspeechfor the appointment
negotiation domain),the constructionof the TIGER Treebankasa comprehense resourcefor the
Germanlanguageavasa necessargtepto overcomethesedravbacks.

This paperis structuredn thefollowing way: Section2 describeghe annotatiorformatandprovides
generalinformationon the annotationrscheme Furthermoreijt containsa shortoverview of treebank



initiatives for language®therthan German. In Section3, the differentmethodsusedfor the anno-
tation of the treebankare presentedThe linguistic extensionghat were madein the TIGER project
concerningheannotatiorschemearecoveredin Sectiond. Section5 givesanovervien of thequery
languageandquerytool thatweredevelopedin the projectfor theexploitationof thetreebank Finally,
Section6 summarizeshe paperandsketchessomeideasfor future work.

2 TheTIGER Corpus

Thebasisof the TIGER Treebanlaretexts from the GermamewspapeiFrankfurterRundsbau Only
completearticleswere used,which were taken from all kind of domains so asto cover a broader
rangeof languagevariations. At the currentstage,the corpuscontains35.000syntacticallyanno-
tatedsentencesln the secondprojectphase this amountis to be extendedto approximately5.000
sentences.

2.1 Levesof annotation

In the NEGRA aswell asin the TIGER corpus,a hybrid framevork is usedwhich combinesadwvan-
tagesof dependencgrammarandphrasestructuregrammar Thesyntacticstructures representetly
atree. The branche®f atreemay cross,allowing the encodingof local andnon-localdependencies
andeliminatingthe needfor traces. This approacthasconsiderableadwantagedor free-word order
languagesuchas German,which shav a large variety of discontinuousconstitueng types(Skut,
Krenn,Brants,& Uszloreit,1997).

The linguistic annotationof eachsentencdan the TIGER Treebankis representean a numberof
differentlevels (seefigure 1): Part-of-speeclinformationis encodedn terminalnodes(on the word
level). Non-terminalnodesarelabeledwith phrasecatejories. The edgesof atreerepresensyntactic
functions. Furthermore,a supplementaryannotationon the word level facilitatesthe encodingof
informationon lemmataandmorphology. For part-of-speechagging the Stuttgart-Tibingen-Bgset
(Schiller, Teufel, & Stickert, 1999)is usedin a slightly modified version((Kramp & Preis,2000)
and(Smith & Eisenbeg, 2000)). Informationon lemmataand morphologywasnot annotatedn the
NEGRA corpusithisis anew featurethatwasaddedto theannotatiorin the TIGER project.

Syntacticstructuresareratherflat andsimplein orderto reducethe potentialfor attachmenambigui-
ties. Thedistinctionbetweeragumentsandadjuncts for instancejs not expressedn the constituent
structure put is insteadencodedy meansof syntacticfunctions.

Apart from the annotationof morphologyand lemmata,anotherannotationlevel was addedto the
TIGER corpus:Secondaredgesj.e. labelleddirectedarcsbetweerarbitrarynodes,areusedto en-
codecoordinationinformation. Currently thesesecondargdgesareonly emploedfor theannotation
of coordinatedsentenceandverb phrasesanothermpotentialusemight be the systematicannotation
of attachmenambiguities.

1We only excludedregional news and sportsnews becausexperiencesfrom the pastshaved that thesetexts often
containedables.enumerationsgtc. insteadof completesentences.
2Theexamplein Figurel, howvever, containsno lemmataannotationput aliteral translationinstead.



PP
Neben) den Mitteln des Theaters benutzte Moran die Toncollage
APPR ART NN ART NN VVFIN NE ART NN $.
Dat Def*.Dat.Pl Neut.Dat.PL.* DefNeut.Gen.Sg Neut.Gen.Sg.* 3.Sg.PastInd *Nom.Sg Def.Fem.Akk.Sg Fem.Akk.Sg.* -
besides the means of_the theater used Moran the sound_collage

Figurel: Differentlevelsof annotation

2.2 Annotation formats

In the TIGER project, we use several annotationformatsfor corpusstorage,export and querying.
Thereexist scriptsthatenablethe transformatiorfrom oneformatto another

First of all, the annotatedsentencesire storedand maintainedin a MySQL databasejnformation
aboutthe annotations containedn tables.An additionaloutputformatis usedfor the export of the
sentencesThe databasentries(words, morphologicattags,terminalnodes non-terminalnodesand
edges)canbe exportedto a table storedin a line-orientedand ASCII-basedformat (Brants,1997).
The major advantageof this export formatis thatit is easilyreadablefor humansaswell aseasily
processabldor machines. Sentenceéboundariesare identified throughsentencestartand end tags.
Furthermoreinformationon sentencerigins, editorsandusedtagsis storedat the beginning of each
exportfile.

Basedon this exportformat,the TIGER corpuscanbetransferrednto athird format,namelyTIGER
XML (Lezius, Biesinger & Gerstenbayer, 2002a). A TIGER XML file is typically split up into
headerandbody The corpusheadercontainsmeta-informatioron the corpus(suchascorpusname,
date,author etc.) anda declarationof the tagsthat are usedfor morphology part-of-speechnon-
terminal nodesand edges. In the corpusbody, directedagyclic graphsare usedasthe underlying
datamodelto encodethe linguistic annotation.Words, part-of-speectiags, morphologicaltagsand
lemmataoccur as attributes of the elementterminal’, whereasnon-terminalsare representedh an
additionalelementcalled ‘nonterminal’ referingto the correspondindgerminalID. Secondaryedges
areencodedexplicitly aswell. By usingan XML format, the TIGER Treebankis exchangableand
usablewith alarge rangeof tools. The XML formatis alsothe basisfor the useof the corpusquery
tool TIGERSearchiLezius& Konig,2000).

2.3 Comparabletreebank initiatives

Oneof the first and bestknown treebankds the PennTreebankfor the Englishlanguage(Marcus
etal., 1994),which consistsof aboutl million wordsof nenvspapertext. It containspart-of-speech
taggingandroughsyntacticandsemanti@nnotation A bracletingformatis usedto encodepredicate-
argumentstructureandtrace-fillermechanismsareusedto representliscontinuouphenomenaOther
comparabléreebankgor Englishare,for instancethe Susann&orpus(Sampson1995)(containing
detailedpart-of-speechinformation and phrasestructureannotation),the LancasterParsedCorpus
(Leech, 1992) (representingohrasestructureannotationby meansof labelled bracleting) and the
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British part of the InternationalCorpusof English (Greenbaum,1996) (about1 million words of
British Englishthatweretagged parsedandafterwardschecled).

For language®therthanEnglish,a fairly well-known treebankis the PragueDependeng Treebank
for Czech(Hajic, 1999).It containsabout450.000tokensandis annotate@nthreelevels: onthemor-

phologicallevel (tags,lemmata,word forms), on the syntacticlevel (usingdependengc syntax)and
on the tectogrammaticalevel (encodingfunctionssuchas Actor, Patient, etc.). Recently treebank
projectsfor otherlanguagehave cometo life aswell, e.g. for French(Abeillé, Clement,& Kinyon,

2000), Italian (Bosco, Lombardo,Vassallo,& Lesmo,2000), Spanish(Moreno, Grishman,Lbépez,
Sanchez& Sekine 2000),Turkish(Oflazer Hakkani-Tar, & Tir, 1999),RussianBoguslasky, Grig-

orieva, Grigoriev, Kreidlin, & Frid, 2000) and Bulgarian(Simov et al., 2002). More initiatives for

linguistically interpretedcorporacanbe foundin (Uszloreit, Brants,& Krenn, 1999)and (Abeillé,

Brants,& Uszloreit, 2000).

3 Annotation methods

We usetwo differentmethoddor the syntacticannotatiorof the TIGER corpus:Interactie annotation
andLFG parsing.Thefirst oneis acombinatiorof probabilisticparsingandhumanintervention(Sec-
tion 3.1). After the parsingis completedmorphologicalannotationis performedsemi-automatically
using the given syntacticannotationfor disambiguation.For the secondmethod,a symbolic LFG
grammaiis usedto parselarge partsof the corpus;the outputis disambiguatedby a humanannotator
(Section3.2).

3.1 Interactive Tagging and Parsing

Interactive annotationis anefficient combinationof automaticparsingandhumanannotationlnstead
of having anautomaticparseraspreprocessoanda humanannotatoraspostprocesspthe two steps
areinterwovenin ourapproachTheparsergenerates smallpartof theannotationwhichis immedi-
ately presentediisually to the humanannotatgrwho caneitheracceptcorrector rejectit. Basedon
theannotators decisionthe parsemproposeshe next partof the annotationwhich is againsubmitted
to theannotatos judgement.This processs repeatedintil theannotatiorof thesentencés complete.

The adwantageof this interactve methodis that the humandecisionscan be usedby the automatic
parser Thus,errorsmadeby the automaticparserat lower levels are correctedinstantlyand do not
‘shinethrough’onhigherlevels. Thechancegrow thattheautomatigarseiproposegorrectanalyses
on higherlevels.

Theinteractve annotatiorworkson severallayers.Thelowestoneis the part-of-speeclayer. Higher
layersare definedby the depthof the syntacticstructure. Eachlayer is representedby a different
Markov Model, hencethe nameCascadedMarkov Models(Brants,1999). Thefirst stepin the an-
notationprocesss the generatiorof part-of-speechags. This stepis performedusingthe statistical
taggerTnT (Brants,2000b). In additionto thetags,TnT alsogenerateprobabilitiesthathelpto de-
cide onthereliability of a proposedag. The lower the probability of alternatve tags,the higherthe
reliability of thebesttagfor aword (Brants& Skut,1998). Approximately84%of all tagassignments
areclassifiedasreliableby thetagger Theremainingl6%needto beproof-readoy humanannotators.

Oncethe part-of-speecliaggingis done,Markov modelsfor higherlayersstartprocessingHypothet-
ical phrasesaregeneratedandthe onewith the highestprobabilityis displayedto the annotatar The
structurecanbe acceptedrejectedor manuallycorrectedby the annotatar Interventionby the human



Figure2: Theannotatiortool Annotate

annotatorimmediatelychangeghe setof hypothesesisedby the parser The syntacticstructureis
built phraseby phrasebottomup. About 71%of thephrasesuggestedyy the parserarecorrect,17%
needminor intervention (i.e., at mostone constituenineedsto be addedor deleted). The remaining
12%requiremajorinterventionby the humanannotatar

Bothtaggerandparserareentirelytrainedon previously (manually)annotateaiata.No manualgram-
mar or lexicon developmentare necessaryThe annotationschemds learntautomaticallyby tagger
andparser In caseof changesn the annotationscheme pnly a small amountof dataneedsto be
changedmanually Thetaggerandparserarethentrainedon the changeddataandareimmediately
readyfor annotationwith thenew scheme.

The annotationis performedwith the help of the tool Annotate(Figure 2), a graphicaluserinterface
with acomprehense setof treemanipulatiorfunctionsanddatabasaccesgPlaehn& Brants,2000).
Annotaterunsthe TnT taggerandthe Cascadedarkov Modelsin thebackground.

In orderto achiare a highlevel of consisteng andto avoid mistales,we useaverythoroughapproach
to the annotation:First, eachsentencéds annotatedndependentlyby two annotators.With the sup-
port of scripts,they afterwardscomparetheir annotationsand correctobvious mistales. Remaining
differencesresubmittedo adiscussiorbetweerthe annotatorsAlthoughthis processs rathertime-
consumingt hasprovento be highly beneficialfor the accurag of the annotation(Brants,2000a).
Furthermoreit alsosupportghecontinuousmprovementof theannotatiorschemeit is in thediscus-
sion betweerthe annotatorghat discrepanciebetweenthe annotationschemeandthe databecome
obvious. If this happendo be the case,new rulesandbettertestsfor operationalizatiorare added
to the annotationscheme.Thus, thereis a cross-fertilizatiorbetweenthe corpusandthe annotation
scheme.

Morphology and Lemmata For the analysisof lemmataand morphologicatags,we usean addi-
tional graphicaluserinterface. Thisis interleared with atool calledTigerMorphwhich wasdeveloped



Figure3: LFG c- andf-structure

by BertholdCrysmann.TigerMorphdisambiguatetheoutputof amorphologicabnalyseonthebasis
of the alreadyexisting syntacticstructure.lt proposesemmataandmorphologicatagsfor thewords
of a sentenceproceedingrom left to right. The annotationof morphologyandlemmataresembles
theinteractie annotatiorof the syntacticstructuredescribedabore. Ambiguoustagsarepresentedo
the annotatarwho thendecideswhich oneis the correctalternatve. This informationis returnedto
TigerMorphandusedfor the disambiguatiorof the morphologicalanalysisfor the remainingwords.

3.2 Annotation by LFG Parsing

As analternatve to interactive taggingandparsing abroadcoveragesymbolicLFG grammar(Lexical
FunctionalGrammarnBresnan1982))is usedto parsepartsof the corpus(Dipper, 2000). Usually, the
LFG grammarutputsseseralanalysegor a corpussentenceTheoutputis first filteredby agrammar
internal ranking mechanismand then disambiguatedy a humanannotatar A transfercomponent
corvertsthe selectedanalysisinto the TIGER format(ZinsmeisterKuhn, & Dipper, 2002).

Oneadwantageof this approachis the accurag of the grammars output. An LFG analysisis always
syntacticallyconsistentlt doesnot containinconsistenciesuchas,e.g.,missingsubject-erb agree-
ment,in caseof which the parsewould have failed. On the otherhand,the grammarcertainlyis not
errorfree. But thoseerrorswhich do occuraresystemati@andhenceeasierto correctthanerrorsthat
occurwith manualannotation.

Parsing The LFG grammarappliedin parsinghasbeendevelopedin the ParGramprojectat the
University of Stuttgart,usingthe Xerox Linguistic Environment(XLE) (ParGram,2002). The output
of an LFG grammarbasicallyconsistsof two representationghe constituentstructure(c-structure)
of the sentencéeingparsedandits functional structure(f-structure). C-structureencodesnforma-
tion aboutmorphology constitueng, andlinear ordering. F-structurerepresentsnformation about
predicateargumentstructure,aboutmodification,and abouttense, moodetc. An exampleof ¢c- and
f-structureis givenin Figure 3 for the sentenceeEin Mann kommt,der lacht (‘a manis comingwho
laughs’).

Disambiguation Almost every sentenceof a newspapercorpusis syntacticallyambiguous.Hence
the outputof apurely symbolicgrammarhasto bedisambiguated,e. ahumanannotatoihasto select



the correctanalysis.This taskis supportedy XLE which allows for ‘packing’ the differentreadings
into onecomple f-structurerepresentatiof.

On average,however, a sentenceof the TIGER corpusreceves se/eral thousandof LFG analy-
ses. Clearly it is impossibleto disambiguateéhoseanalyseamanually ThereforeXLE providesa
(non-statisticalynechanisnfor suppressingertainambiguitiesautomatically(Frank,King, Kuhn, &
Maxwell, 1998).By meanf this mechanismthe averagenumberof solutionsdropsdown to 17, the
medianbeing?2.

Conversion into TIGER format  All informationthatis requiredby the TIGER annotatiorscheme
is containedn c- andf-structurerepresentationsf LFG. Comparehe LFG representatiofFigure3)
with the TIGER representatio(Figure4) of the sentencé&in Mannkommt,der lacht.

(i) LFG c-structurecontainscateyorial information (e.g., NP, CP), lemmas(Mann), part-of-speech
tags(+Noun +Common), and morphologicaltags(+Sg +Masc +Nom); in Figure 3, lemmaand
tagsareonly shavn for theterminalMann In the TIGER schemethis informationis encodedn a
slightly differentterminology:the nodesandtagsmentionedabove correspondo TIGER nodesNP,
S, thepart-of-speecliag NN, andthe morphologicatag Masc.Nom.Sg, respectely.

(i) LFG f-structurerepresentslependenc relationssuchasthe headagumentrelation SUBJ and
the headmodifierrelationADJUNCTrel (‘relative clause’).Notethatin c-structureNP andCP (the
relative clause)do not form a constituenthowever, their f-structuresSUBJ and ADJUNCTrel, are
linked. This linking informationis encodedy a crossingoranchin TIGER, cf. Figure4.

o
NP
Ein Mann kommt , der lacht
ART NN VVFIN $, PRELS VVFIN
Masc.Nom.Sg
a man comes who laughs

Figure4: TIGER representation

Often, thereis a one-to-onecorrespondenceetweerLFG and TIGER representationdn thesecases
thetransfercomponensimply convertsoneformatinto anothere.g.+Sg +Masc +Nom is mapped
to Masc.Nom.Sg, CP to S, SUBJ to SB, etc. However, in othercaseghetransferhasto combine
informationbothfrom c- andf-structure asin the caseof the extraposedelative clausein Figure3/4.
Herethe transfercomponenmalesuseof the f-structurelink betweenSUBJ and ADJUNCTrel to
form a (discontinuousgonstituent.The cateyorial label (NP) is derived from c-structure.

3FurthermoreXLE providesvariousbrowsingtoolsapplyingto c-structureaswell asto f-structurewhich canbeusedfor
manualdisambiguatior{cf. (King, Dipper, Frank,Kuhn,& Maxwell, To Appear)wherethesetoolsaredescribedn detalil).



Resultsand Outlook Whenparsedwith the currentgrammarversion,50% of the corpussentences
receve atleastoneanalysisapprox.70%of theparsedsentencereceve thecorrectanalysigpossibly
amongothers)? About2,000sentencesf the TIGER corpushasbeenannotatedhis way.

Toenlagecoverage XLE allowsfor partialparsesproviding, e.g.,N or Pchunks.In first experiments,
N chunkswerefound with a precisionof 89% anda recall of 67%; for P chunks,the precisionwas
96%, andthe recallwas79% (Schrader2001). Furthermoreto minimize manualeffort, a statistical
disambiguatioriool canbeintegrated(Riezleretal., 2002).

4 Extensionsin the TIGER annotation scheme

The annotationin TIGER is basedon the annotationschemethat was usedfor the NEGRA corpus
(Brantsetal., 1999). This annotatiorschemecovereda broadvariety of phenomenaHowever, there
was still room for improvementin its linguistic adequag. A vital part of the work in the TIGER
projectis thelinguistic extensionof this annotationrschemeln the following, the majorchangeghat
were madein the TIGER projectare presented.A more detailedaccountof thesechangesandan
evaluationof theimproved annotatiorschemecanbe foundin (Brants& Hansen2002).

4.1 Coordination

An essentialinguisticextensionin the TIGER annotatiorschemavasmadeconcerningheannotation
of coordinatedsentenceandverbphrasesin the NEGRA corpus,agumentghataresharedy both
verb conjunctsof a coordination but thatare only mentionedonce,were structurallylinked only to
the nearespart of the coordination. Thus,the NEGRA annotationis in mary casesot suitablefor
the extractionof subcatgorizationinformation. In the TIGER treebankthesesharedargumentsare
provided with secondaryedgesn orderto representheir syntacticrelationto the moredistantverb
conjuncts.

Der Mann liest und zerknllt die Zeitung Der Mann liest und zerknllt die Zeitung
ART NN VVFIN KON VVFIN ART NN ART NN VVFIN KON VVFIN ART NN
the man reads and rumples the newspaper the man reads and rumples the newspaper

Figure5: Coordinationwith sharedargumentdn NEGRA (left) andTIGER (right)

Figure5 illustratesthe differencebetweenthe NEGRA andthe TIGER treatmentof thesecases.In
theexamplesentenc®er Mannliestund zerkrillt die Zeitung(‘the manreadandrumpledthe news-
paper’),the commonsubjectof both verbsis the NP der Mann the commonobjectis the NP die
Zeitung However, in the NEGRA annotationschemesharedargumentsarelinked only to the near
estverb (cf. left partof Figure5). The structureof the tree would be exactly the sameif the first

410% of the sentencesailed becausef gapsin the morphologicalanalyser:6% failed becausef storageoverflow or
timeouts(with limits setto 100MB storageand100secondgarsingtime). 10%of the parsedsentencesverenot evaluated
wrt. the correctanalysisbecausé¢hey receved morethan20 analyses.



verbwereintransitive anddid not have die Zeitungasits object(e.g. Der Mannlacht und zerknllt
die Zeitung(‘the manlaughsand rumplesthe newspaper’)). In contrast,the right part of Figure5
shaws the annotationof the sentenceccordingto the TIGER annotationschememakinguseof the
secondaryedgesthat wereintroduced. Thus, the TIGER schemaeallows the differentiationbetween
transitive andintransitive verbsin coordinations.

4.2 Verb-subcategorization

The NEGRA corpuspravidesno distinctionsbetweerprepositionaphrasesith respecto their syn-
tactic functions;all PPs occuringin sentencesr verb phrasesare unexceptionallymarked with the
labelMO (modifier). In the TIGER project,two additionalfunctionlabelsfor PPs wereintroduced:
prepositionalobjects(OP) and collocationalverb constructiondCVC). The label OP is appliedto

constructiondik e auf jemanderwarten(‘to wait for somebody’). Thesephenomenare marked by

thefactthatthe prepositionauf (‘on’) haslostits lexical meaning.

e
U
[MO]
@,
Verhandlungsfihrer ~ beider ~ Parteien  haben sich nach Medienberichten auf einen  Gesetzesvorschlag geeinigt
NN PIAT NN VAFIN PRF APPR NN APPR ART NN VVPP $.
negotiators of_both  parties have  themselves according_to  press reports on a draft law agreed

Figure6: Annotationof PPsin NEGRA: MO

e
U
Verhandlungsfiihrer ~ beider ~ Parteien  haben sich nach Medienberichten auf einen Gesetzesvorschlag geeinigt
NN PIAT NN VAFIN APPR APPR VVPP
negotiators of_both  parties have  themselves according_to  press reports on a draft law agreed

Figure7: Annotationof PPsin TIGER: MO andOP

Figure6 exemplifiesthefactthatNEGRA did notallow thedistinctionbetweercomplementandad-
junctsonthelevel of edgelabel$. In contrastthe TIGER annotation(Figure7) mirrorsthefunctional
differencebetweenthe first PP andthe secondPP in the useof differentedgelabels: the first PP

is functionallyindependenbf the verb andsenesasanadwerbial; it still recevesthe labelMO. The
secondPP represents typical examplefor a prepositionalbbject(OP) in German:the preposition
auf(‘on’) hascompletelylostits lexical meaningandis purelyfunctional.

5A correctEnglishtranslationof the examplesentenceés the following: ‘Accordingto pressreports,negotiatorsfrom
both partieshave agreecon adraftlaw’.



The othernewly introducededgelabel for prepositionaphrasesCVC (collocationalverb construc-
tion), senesto labelverb+ PP constructionsn which the main semantidnformationis containedn
the nounof the PP, not in the verh This label canonly be usedwith a very limited classof verbs
(usuallya semanticallyweakverb with an originally directionalor local meaning.e.g. stellen,kom-
men etc. (‘to put’, ‘to come’))thatoccurin connectiorwith anequallylimited classof prepositions
(mostlyzuandin (‘to’ and‘in’)). A typicalexamplefor thisis the Germancollocationalexpressiorin
Kraft treten(literal translation:'to stepinto force’, meaning:‘to take effect’).

4.3 Expletives

In the TIGER corpus,finer distinctionswith regardto the usageof es the Germanexpletive, have
beenintroduced.In the NEGRA annotatiorschemepnly onelabel (PH, meaningplace-holderwas
usedfor thenon-semanticisageof es in the TIGER schemewe distinguishthreetypes:

Vorfeld es: Thistypeof esis usedto fill thefirst positionof asentencegalledtheVorfeldslot. It
is marked with thelabel PH (place-holder) Example:Esnahtein Gewitter (literal translation:
‘it approacheathunderstorm’meaning:‘a thunderstorms approaching’)As soonasanother
componenbccupieghe\Vorfeld slot, the esdisappearsEin Gewitter naht

Corrélative es. This secondype of esis alwayscorrelatedo somepropositionalargumentin
the sentencelt is usuallyoptional. Example:Mich freutes,dass... (‘it makesme hapyy that
...). Thistypeis alsolabeledasPH but canbe easilydistinguishedrom thefirst typebecause

it always occursin connectionwith a propositionalsisternodefunctioning as RE (repeated
element)(cf. Figure8).

Expletive es. Thelasttype of esfunctionsasa non-themati@amgument,e.g.in connectionwith
weatherwverbs:Heuteregnetes(‘today; it is raining’). It recevesthelabel EP (expletive).

a2

Mich freut dass kommt
PPER VVFIN PPER $, KOUs PPER VVFIN
me makes_happy it that he comes

Figure8: Correlatve es

4.4 Proper nouns

In the NEGRA aswell asin the TIGER corpus,the parentlabel PN is usedto mark ordinary proper
nouns,suchas'GerhardSchibder’. The singlecomponentseceve theedgelabel PNC (propernoun
component). Furthermore the label PN is also usedfor multi-token compary names,nenvspaper
namege.g. ‘The SanFranciscoChronicle’) etc. In the TIGER annotationschemethe usageof this

10



label was extendedto cover titles of films, books,exhibitions etc. thathave a comple, sometimes
sentence-lik structure.Occurence®f thesephenomenarefirst annotatedstructurallyandthenre-
ceive anadditionalunaryparentabelPN. Theexamplesn Figure9 illustratethe differentannotations
in NEGRAandTIGER.

Der Film " Einer flog ubers Kuckucksnest " Der Film " Einer flog ubers Kuckucksnest
ART NN $( PIS VVFIN  APPRART NN $( ART NN $( PIS VVFIN  APPRART NN $(
the movie one flew over_the  cuckoo’s_nest the movie one flew over_the  cuckoo’s_nest

Figure9: Treatmenbf structuredoropernounsin NEGRA (left) andTIGER (right)

Thus,the TIGER annotatiompermitstheidentificationof structureghatfunctionasnamesput do not
featurethe correspondingpart-of-speectiag NE (propernoun)in oneof theirterminalnodes.

5 TIGERSearch

Syntacticallyannotatedcorporasuchasthe TIGER treebankprovide a wealth of informationwhich
canonly beexploitedwith anadequatguerytool andquerylanguage Thus,apowerful searchengine
for treebank$asbeendevelopedwithin the TIGER project(Lezius,2002).

The searchengineis freely availablefor researctpurposesandcanbe dowvnloadedfrom the TIGER
website. To supportall popularplatforms,thetool is implementedn Java. Inputfilters areprovided
for mary popularntreebankormats.A completdist of supportedormatsis givenin (Lezius,Biesinger
& Gerstenbayer, 2002b). In addition, aninterfaceformat, TIGER-XML (Mengel& Lezius,2000;
Leziusetal., 2002a) hasbeendefined.This formatcanbe usedto importtreebanksn otherformats,
including formatswhich have not yet beendeveloped. The searchengineis thusatool which canbe
usedby the entirecommunity

5.1 Query Language

The query language(Konig & Lezius, 2002a,2002b) has beendesignedto fulfill two conflicting
requirements:On the one hand, it is closeto grammarformalisms,thus easyto learn. It allows
modular understandableodeevenfor comple queries A usercanposequeriedntuitively, mapping
linguistic descriptionglirectly into thequerylanguageOn the otherhand,its expressienesasbeen
constrainedo guaranteefficient queryprocessing.

The querylanguageconsistsof threelevels. On the nodelevel, nodescanbe describedoy Boolean
expressionsover feature-alue pairs. The following query is matchedby the terminal node lacht
(‘laughs’)in Figure4:

[word="lacht" & pos="VVFIN']
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On the noderelation level, descriptionsof two or more nodesare combinedby a relation. Since
graphsaretwo-dimensionabbjects we needonebasicrelationfor eachdimension.Theseareimme-
diateprecedencé¢’. ") for the horizontaldimensionandimmediatedominancg*>") for the vertical
dimensiorf Therearealsoderived noderelationssuchasunderspecifiedlominanceor siblings:

>* dominanc€minimumpathlengthl)

>n dominanceén stepg )

>m n dominancen stepg )

>L labeleddominancgedgelabell)

>@ leftmostterminalsuccessof'left corner’)
¥ precedencémin. numberof intenals: 1)
$ siblings

For example thefollowing queryis matchedy a subgraptof Figure4 (the NP node):
[cat="NP"] >RC [cat="S"]

Finally, on the graph descriptionlevel we allow Booleanexpressionsover noderelations,without
negation. For example,a subgraptof Figure4 (the secondS node)satisfieghefollowing query:

([cat="S"] > [pos="PRELS"]) &
([cat="S"] > [pos="WFIN'])

Variablescanbe usedto expresscoreferencef nodesor featurevalues. For example,the two node
descriptiond cat =" S"] in the abore querycouldreferto differentnodes.A reformulationof the
gueryusingvariablespreventsthis:

(#n:[cat="S"] > [pos="PRELS"']) &
(#n > [pos="VWVFIN'])

The following querydescribesa clausethat comprisesa personapronounanda finite verb (cf. Fig-
ureb).

#iv:[cat="S"] &
#t 1: [pos="PPER'] & #t2:[pos="WFIN'] &
(#v > #t1) & (#v > #12) & arity(#v, 2)

In addition,the usercandefinetype hierarchies.Subtypesmay alsobe constantse.g.in the caseof
part-of-speeclsymbols.Hereis a partof atypehierarchyfor the STTStagset:

noni nal : = noun, proper Noun, pronoun.
noun : = "NN'.

proper Noun : = "NE".

pronoun := "PPER',"PDS", " PRELS",

5The precedencef two innernodess definedasthe precedencef their leftmostterminalsuccessoréKénig & Lezius,
2000).
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Figure10: Visualizationof queryresults

This hierarchycanbe usedto formulatequeriesin amoreadequatavay:
[pos=nom nal] .* [pos="VVFI N']

Therearealsoseveralusefulpredicatesuchasdi scont i nuous( #n) ,cont i nuous(#n) (phrase
does/doesiot containcrossingbranchespr ari t y( #n, nun) (phrasecomprises children).
The following examplequerydeterminesxtraposedelative clausesn the TIGER treebank(cf. Fig-
ure4):

(#n:[cat="NP"] >RC [cat="S"]) &
di scont i nuous(#n)

To simplify theformulationof morecomplex queriestemplatesanbe defined. Thesearedescribed
in (Konig & Lezius,2002a,2002b).

5.2 Query Tool

To ensureefficient queryprocessingve have choseranindexed-base@pproach A corpus,encoded
in avariety of externalformats,e.g.,NEGRA/TIGERformat, bracletingformator an XML treebank
format(Mengel& Lezius,2000;Leziusetal., 2002a)is importedandindexed. Many partialsearches
areperformedduringindexing in orderto save processindgime duringqueryprocessingTheindexing
of acorpusis realizedin atool called TIGERR@jistry, the corpusquerytool is called TIGERSearch.
To increaseperformancene have alsoimplementedquery optimizationstratgies and searchspace
filters. Thequeryprocessingtratgy is describedn detailin (Lezius,2002).

In orderto facilitate corpusexploration, a combinationof searchingfor phenomenaand browsing
througha corpus,we have developeda sophisticatedyraphicaluserinterfacefor the boththe TIGER-

13



Figurell: Graphicalqueryinput

Ragistry andthe TIGERSearchool. We have alsodevelopedspecialcorpusvisualizationandquery
input strateyies.

TheTIGERSearctGUI comprisesagraphviewerto view thematchingsentencesf aquery Figure10

illustratesthevisualizationof a corpusgraphthatmatcheshe examplequeryabove. Userscanbrowse

throughthe forestof matchingsentencesisinga navigation bar and export their favourite matches.
Matchescanbe exportedin the TIGER XML format, but alsoasaninteractve SVG image. Thus,

matchforestscanbeviewedin aformatthatdoesnotdependonthe TIGERSearctsoftwaresuite.

We have alsodevelopeda graphicalqueryinput front-endwhich enablesusersto ‘draw’ queriesin a
very intuitive way (Voorman,2002). Queriesareexpressedy combiningnodesandnoderelations.
Figurellillustrateshow the examplequeryabove canbe expressedisingthe graphicalqueryeditor

6 Summary and outlook

In this paper we presentedhe TIGER treebank the largestand most comprehense treebankfor

the Germanlanguage.We explainedthe differentlevels of annotation:part-of-speechags, phrase
categyoriesandsyntacticfunctions. Furthermorejnformationaboutlemmataandmorphologyis also
encodedn the corpus. The methodsof annotation interactve annotatiorwith Annotateand LFG

parsing- aswell asthe differentrepresentatiofiormatsusedfor the TIGER treebankwere demon-
strated We alsogave a shortoverview of relatedwork in comparabldreebankprojects.

Moreover, we alsodescribedhe TIGER annotatiorschemewhichis basentheannotatiorscheme
usedfor the NEGRA corpus.The paperalsooutlinedthe mostimportantextensionsn the TIGER an-
notationschemewhich concerrthe useof secondarngdgesn coordinationsyerb-subcatgorizatian,
finer distinctionsconcerningthe Germanexpletive esand a differenttreatmentof structuredproper
nouns.
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Thelastsectionpresented IGERSearcha querytool thatwasdevelopedin theprojectandwhich can
be usedto exploit the TIGER treebankand several othertreebankformats. We explainedthe query
languagethatwasdesignedo poseintuitive queriesto the treebank.We alsoshortly introducedthe
graphicalqueryinput TIGERIn.

Futurework will beconcernedvith theextensionof the TIGERtreebanko approximatel\80.000sen-
tencesaltogethermandadditionalimprovementsn theannotatiorschemeFor instancewe invision the
introductionof furtherdistinctionsconcerningverbalargumentsn orderto facilitatetheidentification
of thematicroles(Smith, 2000). For the beginning of 2003, a first releasds plannedwhich will con-
tain 10.000sentencesompletelyannotatedpart-of-speeclagging,syntacticstructure morphology
lemmata)accordingto the newv TIGER annotatiorschemendthoroughlychecled for consisteng

All thetoolspresentedh this paperarefreely availablefor researctpurposeskor furtherinformation
onthecorpusthecorpustoolsandhow to obtainthem,pleaseeferto the projectwebpage:

http://ww. coli.uni-sh.de/cl/projects/tiger.
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