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Chapter 1

Intr oduction

1.1 Overview

The DEREKO project(Deutschefkeferenzkrpus)hasbeena joint projectof the Institut fur
deutscheSprachgIDS) in Mannheim,the Institut fir MaschinelleSpracherarbeitung(IMS)
in Stuttgart,andthe Seminarflr Sprachwissenschaf6fS)in Tubingen.The projecthasbeen
fundedfrom May 1999throughJanuary2002 (IDS: March 2002) by the Ministry of Science,
Researclandthe Arts of the Stateof Baden-Wirttembey.

The projectwassetup in orderto improve the infrastructurefor text-basedinguistic research
anddevelopmentby building a huge,automaticallyannotatedsermantext corpusandthe cor-
respondingoolsfor corpusannotatiorandexploitation. This raisedthe following issues:

1. corpusacquisition
2. corpuspreparation

3. corpusexploitation

The task of corpusacquisitionconsistedof marketing actwities and contractnegotiationsin
orderto corvince publishinghousesandindividualsto grantresearcHicensesfor their texts.
(Responsibility1DS)

Corpuspreparation involved several stepsof "text enrichment’.The meta-informatiorn(author

dateof publication,etc.) of atext hasto be encodedn normalisedmarkup.Thetext hasto be
segmented(i.e. the surfacestructureof the text hasto be detectedand marked up, including
paragraphssentencesandword forms). Furthermorein orderto make thetexts morevaluable
for researchersterestedn a wide rangeof linguistic phenomenaa partial syntacticanalysis
hasbeencarriedout, in additionto POStaggingand lemmatisationandall additionalinfor-

mationwasaddedvia a customisednarkupscheme(ResponsibilitiesIDS for the markupof

meta-informatiorandsentencendparagraptsegmentation SfSfor linguistic annotationwith

someinputonthelexical level from the IMS)

In orderto make useof thelinguistically annotatedext corpus,powerful specialisedoolsfor
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corpusexploitation are needed.The basictool developedfor this purposeis a query engine
(TIGERSearch’),which canaccessstructuraltext annotationin an efficient manner On this
basis,querycollectionswere built which help answerthe questionswvhich lexicographersand
linguists may have, for examplein which lexical and syntacticcontexts the word “streichen”
(paint;erasepccursandhow oftenit occursin thesecontexts. (Responsibility IMS)

Thetoolsandresourceslevelopedfor the DEREKO projectprovide animportantrepositoryfor
the Kompetenzzentrurfiir Text- und Informationstechnologieyherethey will be developed
furtherandmadeavailableto thelanguaggechnologycommunityandto academigesearchers
in thefield of linguisticsandcomputationalinguistics.

Thisdocumentindadditionaldocumentatioior DEREKO canbefoundattheprojectwebsite:

http://www.sfs.uni-tuebingen. de/de reko /

1.2 Cooperations

Thework for the DEREKO projecthasbeencarriedoutin closeinteractionwith thefollowing
projects:

e TIGER (fundedby DFG)

Partners:ComputationaLinguistics, Universitatdes SaarlandestMS; Institut fir Ger
manistik,UniversitatPotsdam

e Kompetenzzentrunfiir Text- und Informationstechnologi€funded by MWK Baden-
Wirttembeg)

PartnersiMS andSfS

e SFB441:LinguistischeDatenstrukturerffundedby DFG)
Partner:SfS

e TMR —LearningComputationalGrammargfundedby EC)

Partners:University of Groningen,The NetherlandsUniversity of Antwerp, Belgium;
SRI Cambridge,United Kingdom; University College Dublin, Ireland; University of
Genea, Switzerland;SfS; XRCE Grenoble France

The TIGER project sharedthe developmentof the specialisedquery engine TIGERSearch.
The DEREKO and TIGER corporahave the 'STTS’ tagset[26] in commonfor the part-of-
speechannotationA certainamountof exchangetook placewith respecto issuesof syntactic
annotation.

The Kompetenzzentrurtook therole of the prototypicaluser Tasksfrom the lexicon develop-
mentatthe IMS itself (IMSLex’) andfrom joint projectswith dictionarypublishersgave rise
to the constructiorof specificquerycollections.



Both SFB 441 and TMR-LCG developed annotationstandardsand tools jointly with the
DEREKO projectandsharedheresultingresources.



Chapter 2

Corpus Acquisition and Document
Markup

Dueto delayscausedoy negotiationswith publishersthe full DEREKO corpuswill be avail-
ableonly whenthe projectendsfor the projectpartneriDS Mannheimon March31,2002.The
othertwo projectpartners)MS StuttgartandSfSTubingen have agreedn usingthetaznews-
papercorpus(Septembefl986to May 1999),which both partnershave licensedasaninterim
solution.Thetazcorpuscontainanorethan200million words,whichis approximately20%the
sizeof thefinal DEREKO corpus.Thetazcorpuscanthereforebeconsideredo beareasonable
approximatiorof thefinal corpusfor testingthe annotatiorandquerytools.

The IDS Mannheimhascurrently prepareda samplecorpusof aboutten million wordsin the
final DEREKO markup.Thetazcorpushasalsobeencastinto this format,andall SfSandIMS
tools were adaptedaccordingly so that oncethe DEREKO corpushasbeenpreparedoy the
IDS, it canbeannotatecindqueriedsubsequentlypy thetoolspreparedy SfSandIMS.



Chapter 3

Linguistic Annotation

The main goal of the DEREKO corpusis to provide a large generalpurposeresourcefor the
GermarianguageA linguistusingsucharesourcewill expectdetailedyetreliableinformation.
The stateof the art in syntacticannotationhowever, showvs that beyond the syntacticlevel
of chunks,automaticsyntacticannotationhasto dealwith rapidly increasingambiguity and
consequentlythe quality of automaticannotatiordeclines.

For DEREKO, a finite-stateapproachto parsingwas adopted solving both the problemsof

speedand accurag outlined above. Finite-stategrammarscan be appliedefficiently, so that

hugevolumesof text canbe processedjuickly. Secondthe phenomenahatcanbe described
by finite-stategrammarscoincide with thosesyntacticphenomenahat are only moderately
ambiguous Annotationusing finite-stategrammards very useful for linguistic researchand

languagetechnologyapplications,as the overall syntacticambiguity is reduced,and further

annotationcantake direct advantageof it, asis exemplifiede.g. by the querycollectionspre-

sentedn sectiord.3.In thefollowing sectionghelinguistic markupis presented moredetail

(sect.3.1and3.2), andthe robust and efficient DEREKO linguistic annotationsystemis pre-

sentedsect.3.3).

3.1 Mor phosyntacticAnnotation

Partof speeci{POS)annotations arobuststandardechniqueusedasa basisfor furtheranno-
tationin the DEREKO annotatiorsystem.n orderto provide linguistswith morefine-grained
information, baseformsand morphologicalinformation have also beenaddedfor eachword

form tokenin thecorpus.

Parts of Speech

The STTStag setdevelopedby IMS and SfS [26] definesthe setof POSlabelsusedin the
DEREKO linguistic annotationIn orderto train POStaggersappropriatelya resourceof ap-
prox. 500.000 manuallyannotatedvord form tokenshasbeensetup, consistingof texts from
newspapergapprox.315.000 tokens),novels(approx.150.000 tokens)andothertext types(ap-



prox. 30.000 tokens).The POStaggersaretrainedwith eithernews texts, texts from novels, or
all texts, andtheir mostprobableanalysesrerecordedn thelinguistic markup.Currentlythe
tntandBrill taggersareused4, 5]. Theoutputof all taggerds combinedo achieve asingleso-
lution by majority voting [30], andPOSsarerevisedusinginputfrom syntacticannotatior22].
All informationaddedby thetagging,correction,andvoting stepss recordedn the markupso
thatresearcherasingDEREKO mayaccesst easilyto inspector improve results.

Mor phology and Basebrm

Reducingfull formsto baseformgrovidesa usefulabstractiorfor query purposesso thata
corpususermay searchfor, e.g.,all examplesof a verbwithout explicitly listing all the verb’s
full forms.Consequentlybaseformsareaddedin the DEREKO linguistic annotatiorusingthe
DMOR (DeutscheMorphologie,[25]) tool from theIMS. Informationfrom DMOR is alsoused
to addall possiblemorphologicalanalysedor each(word form, POS)tuple. A mappingfrom
the STTSPOStagsto the DMOR analyseasbeendevisedkeepingonly informationwhich
is most useful for further syntacticannotation,including case,number gendey person,and
inflectiontype[29].

POSinformationis availablefor eachword form in the corpus.Morphologicalandbaseform
informationis avaliable for all word forms coveredby DMOR making the morphosyntactic
annotatiorprovidedin DEREKO areliablestartingpoint for furtherannotation'

3.2 Syntactic Annotation

The DEREKO linguistic annotatiorfollows the modelof topologicalfields standardlyassumed
by syntactiadescriptiongor Germar{14, 8,12, 10]. In additionto topologicalfields,clausesand
chunksareannotatedn orderto preparaunrestrictedanguagelatafor globalsentencanalysis.
The annotationtaskhasbeensplit to dealfirst with thosestructureghatcanbe processedvith
finite-statetechniquesand that take advantageof syntacticrestrictionsonly. Verb agument
structurege.g.,canbeaddedaterusingmorepowerful formalisms(see[22]).

3.2.1 Chunks

Chunksaredefinedasnon-recursie continuouskernelsof phraseg2]. This meanghatchunks
may containchunksof othercateyoriesbut thatthey may not containchunksof the samecat-
egory. A typical exampleto illustrate this is the treatmentof PP-attachmenin chunks.The
DEREKO linguistic annotationdoesnot resol\e this issuebecausef the non-recursie nature
of chunks(seefigure 3.1: a farmer from Bayristzel). As a consequencesomephrasesnay
be split up, becausen German prepositionaphrasesnayalsomodify adjectval phrasesThe

LIn thetazcorpusthereare3.168.413 word form typesand204.698.328 word form tokens,of which8.591.257
arenotanalysedy DMOR, correspondingo 886.625 word form types.Of these the eightmostfrequentpunctu-
ationformssumup to 1.657.056 word form tokens,and557.656 typesoccuronly once.



prepositionakhunk(PC) durch jahrelange Fehlentsteidungnin the examplein figure 3.2 is
partof a comple adjectve phrasewith the adjectve hochverschuldetenasits head.Figure3.2
shavstwo separatehunks however, becaus@nadjectve chunkcannotcontainanotheradjec-
tive chunk (like the one containedn the PC). As a nounchunk (NC) cannotcontainanother
NC for the samereasonthe PCin figure 3.2is not partof the following NC, either As a con-
sequencethe articleder cannotbein onechunkwith hochveischuldetenBahnasthe structure
is discontinuousiow, becausehe PC s a constituentseparatinghe article andthe restof the

NC. Thus,constituentdik e articlesor prepositionsvhich cannotbe attachedo their respectre
chunksareleft ‘stranded’.

S,

ein Almbauer aus  Bayrischzell
ART NN APPR NN

Figure3.1: Postmodifyingorepositionathunk

PC
bei der durch jahrelange Fehlentscheldungen hochverschuldeten Bahn
APPR ART APPR ADJA ADJA

Figure3.2: Chunkstructureof a complex prepositionaphrase

Therearefive majortypesof chunks Verbchunks(VC_)3, nounchunks(NC), adjective chunks
(AJ_C), adwerbchunks(AVC) andprepositionathunks(PC).Prepositionathunksalwayscon-
tainanounchunk,andnounchunksmaycontainadwerbchunksandadjectve chunks Adjective

chunksmay containadwerb chunks.Verb chunksarecontainedn no otherchunkandthey also
cannotcontainary otherchunk.

2at the by years-lastingmisjudgementshighly-indebtedrailways at the railways, which washighly indebted
dueto misjudgmentdastingyears

3The* ' standsfor oneletterif it occurswithin a chunknameandfor oneor morelettersif it occursat the
beginningor endof achunkname.



As the annotationof verb chunksis quite comple, it is outlinedonly in generaltermshere
(pleasect. [21] for adetaileddescription) Verbchunksplay aspeciakolein thechunkstructure,
asthey areboth chunksandpartof the clausalframe (and,thus,topologicalfields). This fact
andthefactthatverbchunks(andtheir combination)alreadycontainalot of informationabout
the structureandtype of the sentencehey occurin hasleadto a very fine-graineddistinction
amongthedifferentverbchunksasopposedo the otherkindsof chunks Verbchunksarecate-
gorisedon the basisof their syntacticdistribution andtheirinnerstructure As regardssyntactic
distribution, therearethreemaintypesof verbchunks:VCL-, VCR- andVCF-. VC-chunks
arechunksconstitutingthe left partof the cIausatframeandVC@-chunksconstitutethe right

partof the clausalframe.VC| F |- chunksarechunkswhich in the basicword orderwould bethe

right partof the clausalframebut which arefrontedand,thus,topicalised.

T T

Dialoge , die nicht ohne Weiteres zZu verstehen sind
NN s, PRELS PTKNEG APPR NN PTKZU VVINF VAFIN

Figure3.3: Verbchunkin relative clause

The following lettersin the nameof verb chunkscorrespondo the secondand third letters
in the verb’s tag, which denoteverb type (V=lexical, A=auxiliary, M=modal) and finiteness
(F=finite, I=infiniti ve, P=perfecparticiple}. Thesequencef theverbsin thechunktypename
correspondso the syntacticdependencewhich is the oppositeof the sequencef the occur

renceof the verbsin the sentenceThus,in the sequencdialoge, die nicht ohneWeitereszu

verstehersindtheverbalcomplex zuverstehersindis assignedhe chunktypeVC@ for right

part of clausalframe, for auxiliary finite, for lexical verb/infinitive with 'zu’ (see
figure 3.3: dialogues,that not without further [explanation] to undestandare; dialoguesyou

cannotundestandoffhand).

4An exceptionis beingmadein the treatmentof the infinitive with 'zu’, where’l’ is replacedwith 'Z’ in the
chunktype name(seefigure 3.3),andwith theimperatve,wherea’B’ is assigned.



Table3.1: Overview of the ChunkLabels

ChunkLabel \ Definition

AJAC attributive adjectve chunk

AJACTRUNC | AJAC with truncatedadjectve

AJACC atleasttwo coordinatedAJACs

AJVC predicatve adjectve chunk/aderbchunk
AJVCTRUNC | AJVC with truncatedadjectve/aderb
AJVCC atleasttwo coordinatedAJVCs

AVC adwerbchunk

AVCC coordinatedAvVC

NC nounchunk

NCTRUNC NC with truncatechoun

NCC two NCscoordinatedy coordinator
NCell elliptical nounchunk(i.e. without headnoun)
PC prepositionachunk

VC_ verbchunk

VCTRUNC verbchunkwith truncatedverb

VCL_ verbchunkasleft partof clausalframe
VCR_ verbchunkasright partof clausalframe
VCF_ verbchunkin topicalisedfronted)position

3.2.2 TopologicalFields

Topologicalfields describesectionsin the Germansentencewvith respectto the distributional
propertiesof theverh In Germantheverbcomplex is dividedinto two partsin the affirmative
sentencavith the finite verb comingfirst andthe restof the verb complec following later on
to the end of the sentenceThis constructionis called the Satzklamme(clausalframe), the
finite verb beingthe left part of the clausalframe (Linke Klammer LK) andthe non-finite
verbcomplex beingits right part (RechteKlammer RK). Thus,in the affirmative sentencethe
sectiongprecedinghefinite verb may be calledthe Vorfeld (front field, VF), the sectionin the
clausalframe the Mittelfeld (middle field, MF) and the sectionfollowing the non-finite verb
complex theNadfeld (postfield, NF). If clausesarecoordinatedtheremayalsobea KOORD-
Feld (coordinatorfield, KOORDF). Sentencesn which the verb is fronted (e.g. imperatves
andyes/no-questionsirelik e affirmative sentencegxceptthatthey lack a VF. Subordinated
sentencearedifferentin thatthefinite verbgoestogethemwith theverbcomplex (beingthelast
elementn it). They alsolack aVF, andtheir LK is occupiedby thecomplementisefield (CF).

Themodelof topologicalfields describeghe distribution of constituentselatie to the clausal
frame. It is thereforeprimarily a distributional model, not giving ary accountof the verb-
argumentstructureandnotrevealingtherelationbetweertheconstituentsvithin thetopological
fields, either In fact, the very structureof constituentsvithin topologicalfieldsis left open.It
is, however, importantto point out thata lot of constituenorderphenomena&anbe described
relative to topologicalfields.
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Der  Prasident sagte den anwesenden Journalisten s der Streit  konne auf der Stelle beendet werden B wenn sich beide  Seiten verstandigten
ART NN VVFIN ART ADJA NN s, ART NN VMFIN  APPR ART NN VVPP  VAINF s, Kous PRF PIDAT NN VVFIN S.

Figure3.4:Complex Sentence

The advantagesof the annotationof topologicalfields as a basisfor the annotationof verb
argumentstructurecanbestbeillustratedby anexample:Figure3.4shavsasentenceontaining
five verbsin threeverb complexes® As the agumentsmay appearon both sidesof the verb,
it is by no meansclear wherethe respectre agumentsof the verb areto be found. After the
annotationof the topologicalfields, however, the scopeis reduced:The agumentsof sagte —
aslong asthey aresinglephrases- mayonly occurin the preceding/F andthe following MF.
Thesamaes true of thefollowing clause wherethefield structureshonvsthatkdnne. . . beendet
werdenis oneverb comple< andthenit is clearthat phrasalagumentsmay only occurin the
VF andthe MF, becausdhe NF containsa clause.In that subclauset is againclearthatthe
argumentsof theverbmustbein the MF.

Figure3.4illustrateshow the scopeof potentialagumentss reducedby annotatingield struc-
ture. It shouldbetakeninto accounthowever, thatthe annotationof field andclausestructure
is a shallov annotationn the samesenseasthe annotatiorof chunksis shallow. It is, thus,not
alwaysclearto whichfield or clausea subclauseshouldbe attachedin figure 3.4t is left open
whetherthe NF containingthe adwerbial clauseis the NF of the precedingsubclauser of the
main clause(i.e. the NF of thewhole sentence)The annotatioralsoleavesit openwhetherthe
subclauseler Streit konneauf der Stellebeigelegt werdenis a subclauseat all. The motivation
for thisapproachs thatwithout takinginto accountvaleng information,it is not clearwhether
a sequencef VF, LK andMF is a separatanain clausein an asyndeticconstruction(like in

Das Parlamentdebattiert,der Prasidenthandel), or a subclausdlike in figure 3.4). Still, the
annotationof topologicalfields prestructures sentenceindsenesasa solid basefor further
annotation.

3.2.3 Clauses

Therearethreedifferentkindsof clausesannotatedy the DEREKO linguistic annotatiorsys-
tem. Generalsubclause$SUB), relative clauseqREL) andnon-finiteclauseqINF). A clause
is definedashaving oneheadverb (with the exceptionof coordinatedheadverbs).Main clauses
arenotannotatedy the systempecausehis would be beyondthescopeof shallov annotation.
As a consequenceherelationbetweersubclausess not madeexplicit (theimplicationsbeing

SThepresidensaidtheattendingjournalists,the quarrel couldon the spotfinishedbe, if themselvebothsides
agree — Thepresidensaidto theattendingournalists,thatthe quarrel couldbefinishedmmediatelyif bothsides
cometo an agreement.
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discussedbove). Generally the attachmenobf subclausess left openin shallov clauseanno-
tation just lik e the attachmenbdf a prepositionakchunkis left openin chunkannotation.This
meangdor examplethatthereferencenounof arelative clauseis not specified.

The catggory REL subsumesll relative clausesntroducedby relative pronouns Clausesn-
troducedby adwerbial relative pronoung(i.e. PWAV) areannotatedas SUB, becausdrom the
perspectie of shallov annotationjt is not clearin which casesa PWAV is arelative pronoun
atall. The categgory INF subsumesll non-finiteclausesontaininganinfinitive (not thosecon-
taining a participle),both introducedby a complementiseand non-introducedThe cateyory
SUB subsumeslll otherintroducedsubclauses,e. mainly adwerbial clausesRecursvenesss
handledby applyingthe annotationcascaddor subclauseswice. As the annotatiorof clauses
is shallaw, this doesnot affect sequentiabubclausegbecausehey arenot attachedat all), but
only caseswvhereembeddingoccursin the MF. Thus,in the DEREKO linguistic annotation,
a subclausenever containsa subclausen its MF which againcontainsanothersubclausen
its MF. Thesecasesarerare, however, becausecentre-embeddings limited dueto cognitive
limitations ®

3.3 Implementing Robust Lar ge-Scald.inguistic Annotation

The DEREKO linguistic annotationsystemhasto annotatehugevolumesof unrestrictedext,
integrating several types of linguistic information. Its implementationthereforefocuseson
speedandrobustnesstakingadvantageof existing toolsandmarkupstandards.

Extending the CES for Mor e VerboseLinguistic Annotation

XML is widely usedas an encodingformat and has proved to be very suitablefor encod-
ing linguistic phenomenalueto its inherenttreestructure The DEREKO linguistic markupis
thereforeencodedn XML onoutput,andalsofor processingurposes.

The DEREKO linguistic annotatiorschemextendsthe CorpusEncodingStandard CES)[15]
belaw the sentencédevel to cover, e.g.theannotatiorof chunksandtopologicalfields, or infor-
mationfor POStag majority voting. It thereforecomplementshe IDS extensionsapplyingto
sentenceandlargerunits.

The CESis extendedusingin-line linguisticannotationThe original proposabf usinga stand-
off annotatiorschemawvasnot followedmainly for thefollowing reasons:
e The original unannotatedorpuscanbe reproducedrom the annotatedccorpus,because

e.g.all formattinginformationis preseredin the markup.

e A separateversionof the unannotateaorpusis mainly advisablewhenseveral orthog-
onal annotationsare addedlater. The annotationschemeusedin the DEREKO project,

5A countergampleis a sentencdik e: WennDein Freund,der, wenner denMund aufmadt, liigt, kommt,geh
ich. (Whenyour friend, who, wheneer he the mouthopens|ies, comes) leave;l leavewhenyour friend comes
wholies when&er he openshis mouth.)
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however, is consideredo bea startingpoint for furtherannotationtself.

e It isassumedhatthe DEREKO linguisticannotatiorwill beusefulfor mostapplications.
Processindinks from the annotationto the original corpus(i.e. using stand-of annota-
tion) may outweighthe benefitof havzing a smallersource,whenthe links have to be
followedfor the vastmajority of applications.

e Many currentXML processingools supportefficient processingf a streamof XML
data,andstandardgor linking XML document@renotyetaswidely supported.

The DEREKO linguistic annotatiorsystemcoverssentenceandsmallertextual units:

Tokens are the basicunits of all subsequenannotation.They are detectedwith a finite-
state grammar recognising also more complex combinationsof tokens appearing,e.g.,
in dates,or in numbersfollowed by measuremenunits (i.e. a basic namedentity recog-
nition is performed). Phenomenarecognisedin the tokenisation step include clitics
(<t i=" f='gib’/><t i='CLITIC’ f=""s"/> <t =" f='mir/> ) and
urls (<t i=URL’ f="http://www.sfs.uni-tuebingen. de/’ />). A con-
senative approachwas followed, preferring to group less charactersto form a token
when a decisionis uncertain,so that, e.g. “17. Juni ” is recognisedas <t i='DAY’
f="17.'/> <t iZMONTH’ f="Juni’/> , but, e.g.“das 100. Mal” is tokenised
as <t =" f="das’/> <t i='NUM’ f="100"/><t i=PUNCT" f="/> <t
i=" f="Mal'/> |, because¢hefull stopmayeitherbelongto the precedingokenor not.

Each token is assignedone or more POS tags, and each (token, POS) tuple is assigned
one or more lemmasand morphologicalambiguity classesFigure 3.5 shovs how the XML
tree structureis usedto encodethe possibly ambiguousanalyses.in figure 3.5, the word
form “der ” hastwo POS analysegarticle or relatve pronoun)and the article is the pre-
ferredreading(<P t=ART’ [r=1' ]><P t="PRELS’ r="2/> ). EachPOSin turn
may have more than one baseform,that againis connectedto one or more morphological
analyses(“der ” as an article may either be nominatve, and the correspondingoaseform
is “der ”, or dative or genitive, andthe correspondinghaseformis “die ”). All information
may comefrom morethanone source,andeachsourcemay assigna certaintyto its analysis
(<j n=TaggerA/News'  [c='0.3 > ).Includingverbosenformationfor POStagging,
lemmaandmorphology offersresearcherthe opportunityto checksecond-bedPOSanalyses,
or disambiguatingnorphologywhichin the presensystemis notyetaccomplished.

All whitespacan the original documents recordedbetweenthe token (<t/> ) elementsso
thatthe annotations non-destructie with respecto the sourcetext. Tokenisationandthe cor-
respondingnarkupis describedn moredetailin [29].

Chunks, Topological Fields and Clauses are all encodedas separateslementswrapping
the structurethey dominate(as <ch/> , <fd/> and<cl/> elementsrespectiely). They
all have an attribute (c) encodingthe specifickind of chunk,field, or clause,asin e.g.<ch

[c=NC’' |]><t f="Dialoge’/></ch> (omitting sub-tolen information). The categories
andannotatiorstratgiesaredescribedn moredetailin [29].
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<t f='der i=">

<P t="PRELS’ r='2" ¢='0.2">
<j n='TaggerA/News’ c="0.3'/> <j n='TaggerB/News'’ c='0.1'/>
<b f="der> <j n='MorphA’ c="1"/> <m d='nsm’/>  </b>
<b f="die’> <j n='MorphA’ c¢="1/> <m d="dsf/> </b>

</P>

<P t=ART" r='1" ¢='0.8">
<j n='TaggerA/News’ c='0.7/> <j n='TaggerB/News'’ c='0.9'/>

<b f='der>
<j n='MorphA’ c="1"/> <m d="nsm’/>  </b>
<b f='die’>
<j n='MorphA’ c='1'/> <m d="dsf'/><m d="gp0’/><m  d="gsf/>
</b>
</P>
</t>

Figure3.5: EncodingAlternatve POS,LemmasandMorphologicalAnalyses

Theoutputproducedy the DEREKO linguisticannotatiorsystemcanbeimportedstraightfor
wardly into the querytool describedn chapter4.

Ar chitecture of the DEREKO Linguistic Annotation System

The annotatiorsystemis implementecasa cascad®f toolsall addingcertaininformationto a
commonXML datastructure which canbe consideredo be the blackboard of the DEREKO
linguistic annotationsystem.Eachtool relieson informationthat hasbeenaddedin previous
stepsandtheinformationit addsis in turn usedby toolslaterin the cascadeThe partsof the
cascadare groupedhierarchically becausegroupsof tools canbe identified solving a major
tasklik e segmentingtext, or addingmorphosyntacti@andsyntacticinformationto the text (see
figure 3.6, left handside).Eachgroup,again,hassub-groupghat solve subtaskof the major
task. Themajortaskof morphosyntactiannotationg.g.,startswith the subtaslof addingPOS
information. In the POStaggingsubtask several taggerstrainedwith differentdataaddtheir
informationone after the other After all taggershave finished,the POStag is determinedvia
majority voting, finishingthe POSsubtasl(seefigure 3.6, right handside).

Separatindinguistic annotationinto clearcut tasks,sub-tasksandtools, hasseveral advan-
tages:

e HypothesisTesting

All relatedtoolsin a subtaskmay be easily regroupedand executedon the sameinput
data.For thenounchunkannotationg.g.,severalhypothesesouldbe quickly evaluated,
andthebesttool andsubtasksequencaasfoundrapidly, resultingin atop-dovn bottom-
up approach.

e Extensibility

New processingtepsmay beintroducedanywherewithout changingthe restof the sys-
tem. Obvious placesfor new stepsincludetheinput end,wherefilters arealreadyavail-
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Figure3.6: Architectureof the Linguistic AnnotationSystem

ablethat processg.g. plain text or HTML in additionto the natve DEREKO format’,

or the outputend,wheremorerefinedannotatiorstepsmayfollow. However, the system
may alsobe extendedanywheremid-streamIn orderto improve awell-known POStag-
ging problem.e.g.,atagcorrectionsystemhasbeenappliedimmediatelyafterthe clausal
frameis annotatedvithout changingherestof thecascad¢22].

e Rolustness

Subsequerdnnotatiorstepanaytake advantageof previousstepsg.g.chunksareusually
annotateanly within topologicalfields.However, if any annotatiorstepdail, subsequent
stepsmaystill annotateheinputtext ignoringthefailedstepsin casege.g.,averbframe
andthecorrespondingopologicalfieldscannotbe detectectorrectlydueto POStagging
errors,chunkswill still be annotatedusing the syntacticallyunannotategequenceof
tokensin asentenceTheresultingsentenceontaindessdetailedout still usefulsyntactic
annotation.

"When processinghe natve DEREKO format preparedoy the IDS, the paragraphand sentencesegmenting
subtasksredropped.
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e Scalability

Eachmajortask,sub-taskor tool may be executedon a differentcomputey or on a dif-
ferentprocessofor multi processosystemsThetasksmaybe executedparallely where
a singledatastreamconnectsall taskson all computersComputergnay alsobe chosen
thatexcelin certaintasks(e.g.with eitherafastprocessoor quick disk access)Only the
slowesttool on thefastesprocessolimits overall throughput.

e Delugging

An error may be spottedquickly by executingall tasks,subtaskspr tools individually,
only stoppingwhenthe error occurs.All annotationis givenin the commoninput and
outputformat,andtoolshave beendevisedfor browsingit, thatcanbe usedto inspectthe
outputof eachsingletool.

e Reusingexisting ToolsandLibraries

Using XML astheonly connectiorbetweerthetoolsletsyouincorporateagrowing num-
berof general-purpos&ML toolsor tools supportingrapid prototyping(e.g.xmlperl

or fsgmatch [11]). If presentoolslack sufiicient speeda specialisedool canbeim-
plementedquickly using high performanceXML librarieswhich are available asopen
sourcesoftware(e.g.themajority voting tool hasbeenimplementedalongtheselines).

Thetoolsdevelopedfor theannotatiorof the DEREKO corpushave wide applicability beyond
thetasksfor which they weredeveloped Becausef their modulardesignandimplementation,
modulescanbereusedor awide varietyof languagegechnologyapplicationsjncludingaspre-
processor$or deepetinguistic analysistermextraction,andotherinformation-retrieal tasks,
aswell asfor the constructionof languagemodelsin speechrecognitionapplications.The
annotatedcorporathemseles can be usedas training materialfor statisticalparsersasgold
standardsor the evaluationof NLP systemsandasdatarepositoriedor linguisticresearch.
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Chapter 4

Corpus Exploitation

In orderto make useof a linguistically annotatedext corpus,tools for corpusexploitation
are neededWe have developeda treebankquerylanguage(Sect.4.1) and implementecthis
languagei.e.thetreebankqueryengine€ TIGERSearch’(Sect.4.2). Furthermorewe have built
guerycollectionswhich addresspecificlexicographictasks(Sect.4.3). For efficiency reasons,
a certainlevel of the queryresultsis alsoannotatedo the corpusin orderto complementhe
corpusannotationyhich hasbeendescribedn the previoussections.

4.1 A query languagefor structurally annotatedcorpora

In cooperatiorwith the TIGER project,aspecializedorpusquerylanguagenasbeendesigned.
Thislanguageénasbeendescribedn full detailin [18] resp.[19]. Subsequentlywe will givean
overview of themajorfeaturesof thelanguage.

A syntacticderivation consistsof nodesandrelationsamongnodes.Nodescanbe queriedby
Booleanexpressionsover feature-alue pairs. The text corporain DEREKO have beenanno-
tatedwith theword andthepos (part-of-speechjeatureon the level of words,andwith the
cat (syntacticcategory)featureonthelevel of dervednodesA possiblequerywould be:

[word="Abend" & pos="NN"]

Relationsamongnodesareexpressedn termsof thetwo elementaryoperators (directprece-
dence)or thehorizontalorderingand> (directdominancejor theverticalordering.Thereis a
setof dervednoderelationslike >* (dominancepnd.* (precedencegtc.Samplequery:

[cat="PC"] > [pos="APPRART']

Relational expressionscan be combinedby (restricted) Boolean expressions(negation ex-
cluded).Example:
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([cat="NC"] >* [pos=/AD.*/]) & ([cat="NC"] > [pos="NE"])

The example above shows that regular expressionscan be usedto describefeaturevalues
(/AD.* ).

Thetwo nodedescriptiong[cat="NC"] canreferto differentnodes.Theidentity of thetwo
NCnodescanbe enforcedby insertinga variable:

(#x1:[cat="NC"] >* [pos=/AD.*/)
& (#x1l:[cat="NC"] > [pos="NE"])

In addition, the usercan definea type hierarchy Typesare very usefulto formulate queries
in a more conciseway. For example,one could definea type nominal which standsfor the
possiblylessintuitive regularexpression’N.*"

[pos=nominal] ¥ [pos="VVFIN"]

For the corvenienceof the users,a seriesof predicatehhasbeenadded.For example,if more
comple annotationwereaddedto the DEREKO corpus,one couldimposethat a structurebe
discontinuoudik e in the caseof anNP which is modifiedby anextraposedelative clause:

#np:[cat="NP"] & (#np >RC[]) & discontinuous(#np)

4.2 Thetreebanksearch engineTIGERSearch

The querylanguagehasbeenrealizedby a specialisedsearchengine, TIGERSearchin order
to createareally usefultool, the following moduleshave beenadded:

e sophisticatedyraphicaluserinterface (TIGERGraph\ewer) for browsing the queryre-
sults

e graphicalregistry tool (TIGERR@istry) for easycorpusadministration

e XML-import of corpora
Importfilters areavailablefor the DEREKO corpusformatandfor arangeof otherwell-
known corpora(PennTeebank23], NEGRA [28], TIGER [7], Susanneand Christine
[24], Penn-HelsinkParsedCorpusof Middle English[1], VerbMobil [13])

e XML- andSVG-animation-&portof queryresults

SampleXSLT-stylesheetdor the creationof someotherformats(e.g. plain text) have
beenincluded.
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The differentmoduleswork togetherasshavn in Fig. 4.1. The TIGERR@istry tool provides
importfilters for the transformatiorof varioustreebankformatsinto the TIGER-XML format.
Onthisbasisthe TIGERSearclindexer canbecalledin orderto createa corpusindex. A query
is processetby parsingit, transformingt into a Javaobject.This queryobjectis thenevaluated
againstthe corpusindex. Queryresultobjectscanbe eithertransformednto TIGER-XML for

furtherprocessingpr canbeviewedby the Graph\Viewer.

777777777777777777777777777777777777777777777777777

Input . | Corpus
| .
| filter * indexer-—_ " index

Query
processor

47 Output :
| filter Result objects

L

GraphViewer

Figure4.1: Architectureof the TIGERSearctsoftware

The TIGERSearclsoftwarehasbeenimplementedn Javafor severalreasons:

¢ platform-independence
TIGERSearchs availablefor all majorplatformswhich supportlava 1.3: Microsoft Win-
dows, Solaris,Linux, andMac OS X.

e realizationof softwareengineeringstandards

Java as an object-orientedanguagemakes it much easierto write conceptuallywell-
definedprogramsVariouserror sourceswhich occurin otherprogramminganguages,
areexcludedby therigid type checkingby the Javacompiler

e supportof client-sener applicationsandmulti-threads.

Since Java provides built-in functionality for distributed computing,the TIGERSearch
implementationcan be easily adaptedto future requirementgweb-basedpplications,
parallelcomputatioron large corpora).
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e Unicodesupport

Due to the Java built-in Unicode support, TIGERSearchcan be usedwith corporain
non-Westernscripts.(At the currentstage g.g.a Japaneseorpuscould beimportedinto
TIGERSearchbut thereis notyet a corvenientmannetrto key in the Japaneseharacters
for queryingthecorpus.)

Manualsanddownloadinformationfor TIGERSearcltanbe obtainedfrom the TIGERSearch
website:

http://www.ims.uni-stuttgart. de/pr ojek te/TI GER/TIGERSear ch/

Subsequentlywe give alittle moredetailwrt. the searchengineandthe graphviewer.

4.2.1 Searchengine

Whenwe startedto think aboutthe searchengine,we hadto decidewhetherto build a new,
dedicatedenginefrom scratch,or whetherto usean existing databasesngine(c.f. [16]). We
decidedfor thefirst alternatve of building a new enginefor the following reasons:

e Genuinesearchmachinegor XML-based(i.e. hierarchicallystructureddatawerehardly
availablewhenwe startedthe projectin 1999.

e Thelinguistically motivatedcorpusrepresentatioformatwe hadchosernncludedone(or
several)complicationgn additionto the hierarchicainformation:crossingedgesandso-
called’secondaryedged27]. It wasnot clear whetherso-calledXML-baseddatabases
would efficiently supportthe accesdo 'neartrees’ which violate the strict embedding
conditionsof propertrees.

¢ Efficient databaseengines,in the way they arerequiredto procesdarge corpora,usu-
ally arevery expensve commercialsoftware- which cannotbe affordedby theintended
TIGERSearchuserqresearcherns thehumanities) Thereasorwhy commerciablatabase
softwareis expensveis not only theamountof work which wentinto efficient searchal-
gorithmshbut alsothe costfor moduleslik e transactiormanagementlatabaseecovery
mechanismetc. However, for corpusapplicationsponly the (efficient) searchmoduleis
needed.

e In our own implementationthe indexing mechanismsguery optimization,and query
filtering canbe tunedmoreeasilyto the propertiesof the kind of dataandquerieswhich
occurin linguistic applications.

In orderto ensureefficient query processingve have chosenan index-basedapproachData
structuresare built over the text representatiomf the original corpusand transformednto a
binary corpusrepresentationin addition,mary partialsearcheareperformedduringindexing
in orderto save processindime duringqueryprocessing.

The query evaluationalgorithmis a straight-forvard implementationof chronologicalback-
tracking.A queryis serializedasa list of treenodesandtheir respectre constraintsThis list
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is traversedfrom left to right. A querynodeis matchedwith a nodefrom the corpus,andnode
relationsarechecled againstthe corpusdefinition by accessinghe index. Whenever a conflict

occursthe algorithmdiscardshe currentchoice,andchoosesnothematchingnodefrom the

corpus.Oncenomorealternatvesareavailable,thechoicefor thepreviousquerynodeis recon-
sideredInsteadof this’depth-first'searchwhich builts oneresulttreeat atime, a breadth-first
searchbasedn’join’ operationsould have beenadoptedn theway it is usedin corventional
databasenanagemensystemsHowever, consideringthe implementationof a rathergeneral
concepbf logical variablesthe backtrackingapproachseemednorestraight-forvard.In addi-

tion, thedepth-firstapproachs lessspace-consuming.hedranvbackis that,in its naive version,
all nodesof the corpushave to beinspectedpneafterthe other For this reasonthe basealgo-

rithm hasbeenimprovedin two respects:

e searchspacdilters

If possiblethequeryis logically wealenedto oneof its subformulasanatomicconstraint
(feature-alueequation)whichmatchesnly avery limited numberof corpusnodesg.g.

[word="Haus"] . It is sufficientto evaluatethe remaindeiof the queryformulaon this

smallcorpusextract(cf. [3]).

e queryoptimization

Searchspacefilters make only sensejf they canbe determinedat low costandproduce
adrasticreductionof the searchspaceTherefore additionalefficiency canbe gainedby

reorderingthe (atomic)subformulaof a queryaccordingto their prospectie 'evaluation
cost’ in termsof numberof matchingcorpusnodes,cf. [20]. Sincethe 'cost’ canbe

readoff from theindex, the subformulareorderingoperationis fast,andhelpsto cut the

evaluationtime evenin thosecaseswherea searchspacefilter cannotreducethe search
spacdan areasonablenanner

Thereis amplespacefor further work on treebank-specifisearchspacefilters and query op-
timization. The problemis to find filters and optimizationstrateies which reducethe search
effort drasticallywhile beingidentifiableatlow cost.

4.2.2 Graph viewer

The Graph\Wewer allows for the graphicaldisplay of the resultsof a TIGERSearchyuery Its
majorfeaturesare:

navigationthroughthelist of resultsentences

navigationthroughmatchingsubgraphs

focussingon match

implodingandexploding of subgraphs

tooltip function(nodefeaturesappeamwhenmousepointsto thenode)
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e printing andexport of variousgraphicsformats(jpeg, png, tiff, animatedSVG images)
e customisability:userscansetcolorsandotherdisplayparameteaccordingto their own

requirements

Sincethereis a clearcutinterfacebetweerthe TIGERSearclengineandthe Graph\iewer, the
GraphVewer canbe seemasa stand-aloneool to be usedwith otherapplicationsaswell.

4.3 Query collections

Oneapplicationof alinguistically annotateaorpusis to give evidencefor certainlexical prop-
ertiesof words,cf. [9]. Whendecidingaboutthe contentof alexical entry, onehasto take into
accountatleastthetwo following criteria:

e ’'collocational’ variation
In which syntacticandcollocationalcontects doesa word occur?

¢ frequeng considerations
How frequentaretheseoccurrencesAre they worth beinglisted?

Let’s considerthecollocationpattern

(Support)Verb ...sicher, dass (4.1)

The rathercomprehensie DudenUniversalwortertuch der Deutstien Sprache [17] lists only
onepossiblesupportverb (sein for this kind of pattern:

Esist sicher dasser zustimmt.

Ich bin sicher, dasser noch kommt. (4.2)

Corpusinvestigationrshavs that,of course seinis themostfrequentverbin co-occurrencevith
sicher, dass but thatthereareotherswhich aremoreor lesscommon:

| verb | | freq. | example |
sein sicher dass| 113
gelten | sicher dass| 11| Esgilt alssicher, dassGeowge Bushsein\etoeinlegt.
stellen| sicher, dass 8 | Ein Gesetztellt sicher, dassvon denkassierterMit-
telnzehnProzentfir Verwaltungsaufwandbgezaen
werdendurfen.

wissen| sicher, dass 2 | ...wusste ich sicher, dassich jedenTag wiederlom-
menkann.
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Thefrequeng figures(for dassclausesn the Nachfeld)have beenextractedfrom a nevspaper
corpuswith 40 million tokens.

In orderto extractsuchcorpusevidencein areliablemanneraratherdetailedsyntacticanaly-
sisis required.The syntacticanalysismustcover complementlausegdassclausesiandword
ordervariationof verbsin German As arguedfor in Sect.3.2,we usefinite-statebasedshallov
syntacticanalysismethods,and, in our case,the finite-statebasedcorpusquery languageof
theIMS CorpusWorkbench(CQP)[6]. Sincethe developmentof the searchenginefor struc-
turally annotatedcorpora(TIGERSearchyan in parallelto the implementationof the query
collections,the latter have beenrealizedwith CQP The querycollectionscanbe easilyported
to TIGERSearchonceit supportanechanismsor queryabbreiations(templatesndcorpus
transformation.

Our CQPquerieshave beengroupedn two layers:

e The first layer of CQP querieshuilts recursve syntacticstructuresof restricteddepth
of embeddingwvhich canbe discoveredin a reliable manneyi.e. which are usually not
ambiguouswith otherpossibleanalysegasit would be casewith e.g.PP-attachment).

e Thesecondayerof CQPqueriesextractcorpusevidencefor specificlexicographictasks.

For more efficient CQP-internalprocessingthe query resultsof the first layer are addedto
the corpusannotation so that the basicsyntacticanalysesf the first layer do not have to be
reconstructedor eachqueryof thesecondayer.

Ontop of the chunkannotationwhich hasbeendescribedn Sect.3.2,thefirst layerof queries
identifiesthefollowing syntacticphrases:

e pre-headecursve embeddinge.g.,PPsmodifying APs, which areleft strandedby the
analysisin Sect.3.2,areassembledo form complex APs,asthetreediagramin Fig. 4.2
exemplifies.This leadsto the recursve embeddingf the NP die Képfeder Apostel(the
headdof] theapostles)n the NP kleinen,liberdie Kopfeder Apostelgesetzter-lammen
(small,aborve the headsof the apostlesetflames).

e post-headecursve embeddingf

— genitve NPs.In Fig. 4.2thegenitve NP der Apostel([of] theapostles)s embedded
in the NP die Kopfeder Apostel(the headdof] theapostlespasa modifier.

— namedentities.In the exampleeiner Fahrt desShuttle“Endeavour” (a trip of the
shuttle“Endeavour”) the NP “Endeavour” is embeddedsa modifierin thelarger
NP

e PP-attachmernih somespecificcasese.g.,in NP constructionsncluding parenthesisin
eineWegbesaireibungdurch die Holle ([a] directionsthrough[the] hell), the PPdurch die
Holle is attachedo the precedingheadnoun,the whole constructionbeing surrounded
by doublequotes.

e chunkswith specificinternalstructurese.g.,news ageng markers(LONDON (adp)) or
measuredjectve phrase410 Hektargrof3er(10 acredarger)).
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Figure4.2: Full hierarchicalstructureof complex AP

Besidegheadditionalsyntacticanalysis certainlexical propertiesof terminalnodesareadded.
They areprojectedrom theheadto thechunkswherenecessaryl helexical informationis used
duringthe parsingprocesso specifyrestrictiongor parsingrules.Therule thatbuilts APs,e.g.,
allows only NCs with the featureattribute year to modify the adjectve in pre-headposition.
TheresultareAPssuchas|yp die [4p [vc 1993] erbaute] Brucke | (the 1993built bridge;the
bridgebuilt in 1993).

The lexical propertiesof chunksare also usedduring extraction. The query can either look
for chunkswith specificlexical propertiesor it canexclude chunkswith a specificproperty
Whenlooking for subcatgorizationframes.e.g.,onemight wantto excludeNPswith temporal
headswhereasin the caseof collocationextraction,namedentitiesarenot of interest As these
propertiesareannotatedalongwith the chunks,it is easyto excludethemfrom the extraction
results.

The chunksprovided by the annotatiordescribedn Sect.3.2 areusedaccordingto their cate-
gory (e.g.,NC, AC, or PC)andincludedin the CQP-Analysigo build up larger chunkswhere
necessarandpossible ptherwisethey areleft asthey are.

Onceall thequeryresultsof thefirst querylayerhave beenannotatedthe queriesof thesecond
layer which are to extract the corpusevidencecan make useof the annotatedchunks.As a
big part of the analysishasalreadybeenperformedoff-line, the extraction query can leave
this partof the analysisasideandcanitself be keptsimpler Insteadof reluilding the rulesfor
chunkssuchasNP, AP, PPaneav eachtime, extractionqueriescansimply referto theannotated
structures.
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Dueto theincrementalayersof querieswe have abettercontrolontheway in which syntactic
analysisproceedsFor example,in the off-line structurebuilding processone canallow for
overgeneralizationgby relieving somesyntacticrestrictions),which can be correctedon the
next level of analysis.Consideyfor example,the rule which builds an AP with anembedded
PP In anintermediatestepary adjectve is allowed to take any numberof precedingPPsas
complementknowing that quite a bit of noiseis produced.At the endof the off-line work,
thes€insecure’structuresarechecledfor correctnessThestructuresareacceptedf they prove
to bein a securecontet, otherwisethey arerejected.In orderto be acceptedAPsembedding
PPshave to be insidean NP with at leastone’secure’elementprecedingit. In (4.3), the AP
wagen desRagensnasseis rejectedand replacedby the smallerAP nasse the samefor the
insecureNP, which is replacedby an NP to compriseonly nasseFuR3einsteadof the rejected
insecureAP andthe headnoun.In (4.4), however, the AP wegen des Rggensnassenis not
rejectedasthearticle die ensureshe correctnessf the AP.

Lisahat[NP [AP [PP wegendesRagens]nasse]Fufie] belommen.
Lisahasbecausef therain wetfeetgot. (4.3)
Lisahasgotwetfeetbecaus®f therain

Lisahat[NP die[AP [PP wegendesRegens]nassenJFil3e]abgetrodknet.
Lisahasthebecaus®f therain wetfeetdried. (4.4)
Lisahasdriedthefeetthatwerewet becaus®f therain.

Note that we have implementeddedicatedgrammaticaldescriptionswhich have certainlimi-
tations.For example,the querywhich extractsthe examplesfor the sicher, dasscontexts also
extractsfalsepositiveslik e the verb aufregenin Beider letztenwar ich kein bilRchenaufgeregt
und mir sicher, dassder Ball reingeht The falsepositive is a resultof the factthatthe query
is still very generaland not restrictedenough.lt doesnot identify the elliptical construction
of the example.This problemcould be solved by restrictingthe queryto a greaterextent, i.e.
by specifyingthe elementgrecedinghe adjective in moredetail.In addition,exampleswith a
dative objectwould have to befilteredout.

The corpusqueryfor the pattern(4.1) hasbeencodedin sucha mannerthatit canbe usedto
extractthe sametype of syntacticpatternfor otheradjectvesaswell. In addition,the queryis
parametrisablevith respecto the positionof the dassclause.In total, we have implemented
parametrisableorpusqueriesfor thefollowing lexical andsyntacticohenomena:

e adjectvesin controlverbconstructiongakingothersubordinatelauses
e adjectvesin controlverbconstructiongakinginfinitival clauses

e verbnouncollocations

verbnouncollocationfor a specificnoun

verbPPcollocationswith the prepositionan

adjectve PPpairsextractedfrom complex APs,resultingin:
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— adjectve POpairs
— verbPOpairs(PPoccurringwith deverbaladjectve)

In joint projectswith publishinghousespur querycollectionsprovedto be of greathelpfor the
lexicographerstwork.
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