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Abstract

Creationof high-quality treebanksrequiresexpert knowledge and is extremely time consuming.
Henceapplyingan alreadyexisting grammarin treebankings an interestingalternatve. This ap-
proachhasbeenpursuedn the syntacticannotatiorof Germamewspapetext in the TIGER project.
We utilized thelarge-scalégGermanLFG grammarof the PARGRAM projectfor semi-automaticre-
ationof TIGER treebankannotationsThe symbolicLFG grammaiis usedfor full parsingfollowed
by semi-automatiaisambiguatiorand automatictransferinto the treebankformat. The treebank
annotationformat is a “hybrid' representatiorstructurewhich combinesconstituentanalysisand
functionaldependencie®Both typesof informationareprovidedby the LFG analyses.

Although the grammarand the treebankrepresentationsoincidein core aspectsg.g. the en-
coding of grammaticalfunctions, there are mismatchesn analysisdetailsthat are comparableo
translatiormismatchedn naturallanguageranslation.This motivatesthe useof transfertechnology
from machinetranslation.

The GermanLFG grammaranalyzeson average50% of the sentencegoughly 70%thereofare
assigned correctparse;after OT- ltering, a sentencaets16.5analyseson average(median: 2).
We arguethat despitethe limits in corpuscoveragethe applicationsof the grammairin treebanking
is usefulespeciallyfor reason®of consisteng. Finally, we sketchfuture extensionsandapplications
of this approachwhich includepartialanalysescoverageextension,annotatiorof morphologyand
consisteng checks.

1 Intr oduction

This papereportsonwork donein thecontext of the TIGER project? Theprojectaimsatcreatingalarge
Germartreebankthe TIGER treebankBrantsetal. 2002),andatdevelopingsearctiools(TIGERSearch,
Lezius(2002))for exploiting theinformationencodedn thetreebank Theannotatioris very detailedin
thatit encodesnformationaboutpart-of-speeche.g.NN, VMFIN (commonnoun, nite modalverb);
morphology:e.g.Masc.Nom.Sgsyntacticcateyory: e.g.NP, PP(noun/prepositioal phrase)andgram-
maticalfunction: e.g. SB, OP (subject,prepositionalobject). In orderto representhe functional de-
pendeng relationsin a compactgraphformatwith the sequentialvord string at the terminalnodes,a
generalizedreeformatwasadoptedvhichincludescrossingoranchegcf. the NEGRA project,Skutetal.
1997;for anexample,seeFigure5 below). In this format, for instance a nominalphrasemay form a
discontinuougonstituentwith an extraposedelative clausethat modi es it. (A morefamiliar phrase
structureformatinvolving tracescanbe obtainedwith a corversionroutine.)

Two differentannotationrmethodsare usedin the TIGER project: (i) aninteractve combinationof
a cascadegbrobabilisticparser(Brants1999) and manualannotationwith the ANNOTATE tool (Plaehn
and Brants2000); (ii) parsingby a symbolic LFG grammay followed by manualdisambiguatiorand
automatidransferinto the TIGER format(Dipper2000). Techniqugi) is themainline in theannotation
processj(ii) hasa more experimentalstatus. A motivation for the useof (ii) wasto explore to what
extenta pre«isting broad-ceerageuni cation grammarof Germancanbe exploited for anannotation
project. Sincethe corpusis supposedo satisfyhigh standardsf quality (in particularconsisteng), each
sentences generallyannotatedndependenthby two annotators.In casef mismatchthe annotators
have to go overthe sentenceagainin adiscussiorsessionThe useof two entirelyindependenmethods

2The TIGER project (URL: http://www.ims.uni-stuttgart.de/projek te/TIG ER/) is funded by the
Deutsde Forschungsgmeinshaft (DFG).
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analysesut alsoimplementedoartsof TIGER transfer Creditfor the original ideaof exploiting an existing transfermodule
goesto Martin Emele.Besideghesethreepeoplewewouldliketo thankStefanEvert, JanAnderssenHannahKermesandthe
audiencesit the Workshopon “SyntacticAnnotationof ElectronicCorpora”(Tibingen,2000)andat the “Third Workshopon
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is anadditionalway of ensuringconsisteng With the moremechanicagrammasbasedapproachlow-
level mistalesresultingfrom carelessnesarelesslikely to appear To a certaindegreethis outweighs
the problemthatthe grammarof coursedoesnot cover all the constructionsappearingn a nevspaper
corpus.

sentencef TIGER corpus

parsedby LFG grammar

severalanalyses$

disambiguation

oneanalysig

Tiger Transfer

TIGER format

Figurel: Scenarioof annotatiorby LFG

This reportfocuseson the grammatbasedannotationapproach(ii), which is depictedin Figure 1,
andin particularonits transfercomponentTIGER Transfer Thepaperis organizedasfollows: Section2
givesashortintroductionto the GermanLFG grammarhatis usedin theannotatiorandalsoaddresses
the disambiguatiortask. Section3 presentghe transformationshatan LFG analysisof a sentenceun-
deigoesonits way to the TIGER representationSection4, then,givessomestatistics.Finally, Section5
concludeghe paperwith anoutlookon future work.

2 The LFG Analysis

2.1 German LFG Grammar

The GermanLFG grammar(Dipperto appear)wasdevelopedin the PARGRAM project? usingthe Xe-
rox Linguistic Ernvironment(XLE). Analyzinga given sentencevith the LFG grammaryieldstwo rep-
resentationsghe constituenstructure(c-structure)andthe functionalstructure(f-structure).C-structure
encodesnformationaboutmorphology constitueny, andlinearordering. F-structurerepresentifor-
mationaboutpredicateargumentstructure aboutmodi cation, andabouttense mood,etc.

Figure 2 shaws the LFG c-structurefor a simple sentencdrom the TIGER corpus: Hier herrscht
Demokatie ‘Democray ruleshere'. Theexampledemonstrateloth,familiar aspect®f Germarsyntax
andmoretechnicallymotivatedspecialitiesof this particulargrammarimplementatiorf. The latterin-

SURL: http://www.parc.com/istl/groups/nltt/parg ram

4The GermanLFG grammarencodesa generalizedCP-analysiof German:The nite verb herrscht thusoccupiesthe C-
position, precededy the adwerb phrasehier in the speci er positionof CP. The NP Demokatie is immediatelydominatecby
Cbar For processingeasonsthereis no VP-projectioncovering the "Mittelfeld' andhencedominatingthe NP. Note nally,
theroot nodedoesnot only dominatethe clausalprojectionof the sentencéout alsoits identi cation andits nal punctuation
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Figure2: C-structur e of tiger_4548:Hier herrscht Demokatie.

cludea ne-graineddifferentiationof cateory symbolsamongothers comple' catgyory symbolswith
catgyory-level featuresin squaredoraclets, like V[v,+fin] 5. Figure 3 shaws the f-structureof Hier
herrscdht Demokatie ‘Democrayg ruleshere’. The leftmostbraclet opensthe featurestructureof the
main predicate the verbalpredicateherrscht. This f-structureincludesseveral grammaticafunctions,
which have embedded-structuresasvalues:ADJUNCT pointsto the adwerbial predicatehier (embed-
dedin a set,sincetherecanbe severaladjuncts) SUBJ(ect)pointsto the predicateDemokatie. In addi-
tion the f-structurescontainmorphosyntactiénformationlike TENSE,MOOD, CASE,andGENDER.
In LFG, thelevel of c-structurds relatedto thef-structureby thefunction whichmapseachc-structure
nodeto a featurestructure(a mary-to-onemapping). The mappingrelationsbetweenrc-structurenodes
andf-structuresareindicatedby indices.In Figure2, for instancethec-structurenodesrepresentinghe
projectionsof the adverb hier areindexed with 60, 1005,and1217,respectirely. Thefunction maps
the nodesto the featurestructurethatis the value of the (set-alued)featureADJUNCT on f-structure,
cf. Figure3.

2.2 Disambiguation

Almost every sentencef a nevspapercorpusis syntacticallyambiguous.Therearestructuralambigu-
ities suchasdifferentattachmensitesof adjunctsandword-level ambiguitiesdueto ambiguousn ec-

tionalmarking,homographiavordformsor alternatvesin subcatgorization.Hencethegrammaroutput
hasto bedisambiguatedyhich normallymeanghatahumanannotatohasto selecthecorrectanalysis®

mark (S-ID andCOLON).

SV[v,+in] denotes verbalcategory of the subtype' nite full verb'.

Shallow parsingapproachesypically employ amoredeterministicstrateyy, i.e., they combineparsinganddisambiguation
(from corpus-basedraining), producingjust a single analysis. Quite olviously in the scenarioof creatinga high-quality
treebankannotationmanualcontrol is indispensableln the approachusingthe ANNOTATE tool, this is ensuredhroughthe
interactve cascadegroceduranvolving the humanannotatoatall levels. In our case the entireanalyse@representedo the
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Figure3: F-structure of tiger_4548:Hier herrstht Demokatie.

XLE supportghis disambiguationn sofar asit packsall differentreadingsnto onecomplec represen-
tationthatcaneasilybebrowvsedby the humanannotatarOn average however, asentencef the TIGER
corpusreceves several thousandof LFG analyses.Obviously it is impossibleto disambiguateéhose
analysesnanually For thatreason XLE providesa (non-statisticalmechanisnior suppressingertain
ambiguitiesautomatically We illustrateboth kinds of disambiguationn thefollowing paragraphs.

Manual Disambiguation The parsesof one sentenceare representedn a pacled featurestructure
chart,cf. Maxwell and Kaplan (1989): the featurescommonto all readingsof the sentencearerepre-
senteda singletime; featureconstraintghatdo nothold in all readingsaremarked by context variables.
Theresultis anf-structurethatis annotatedvith variablesto shav wherealternatvesarepossible After
sometraining, this representatiois easilyreadablefor the annotatar Manual selectionof the correct
analysigs doneeitherby pickingthecorresponding-structurdreeor by clicking ontherespecitre vari-
ablesin thef-structure. XLE morewer supportananualdisambiguatiorby variousotherbrowvsingtools
appliedto c-structureaswell asto f-structure(King etal. to appeadescribehesetoolsin detail).

In Example(1), ambiguityin casemarkinggivesriseto two differentpredicateargumentstructures
(andto two differentconstituenstructures) Der Stiftung thefoundation'caneitherbedative or genitive,
i.e.,it caneitherfunctionasindirectobjectto theditransitive verbverkaufensell' or asgenitive attribute
to Haus "house' (with a transitive versionof verkaufen which is likewise possible),cf. the readings
in (2). In Figure2.2,thef-structurealternatvesthatarerestrictedio the transitive readingareannotated
with the variablea:1 , the ditransitive oneswith a:2 , respecitely. The resolutionof this ambiguity
requirescontext knowledgeandhasto be donemanually

QD Die Stadt verkaufte das Haus der Stiftung.
The town sold the house the foundation

humanannotatorgrammarincludesmary moreexplicit grammaticakonstraintshanthe grammarshatareusedin a shallav
parser).



(2) a. [Die Stadt] verkaufte[dasHaus] [der Stiftung]
"Thetown soldthe houseto thefoundatior.

b. [Die Stadt] verkaufte[dasHaus[der Stiftung] ]
"Thetown soldthe houseof the foundation.

Figure4: Packed f-structur e-chart of Die StadtverkauftedasHausder Stiftung

Automatic Disambiguation Examplel is even moreambiguous.Das Hausanddie Stadtcaneither
benominatve or accusatie, i.e. subjector directobjectof the clause cf. thereadingsn givenin (3). In
this case ponereadingis ratherimprobable hamelythatwith the objectoccugying the rst position(the
“Vorfeld'). Whenlike in this example,the casemarkingis ambiguougbut not whenthe accusatie is
overtly marked), thenthereis a strongdispreferencegainstthe readingwith the objectin the Vorfeld
position. This phenomenois sometimescalledthe word order freezingeffect (compare(Kuhn 2001,
sec.4.2), Lee (2001)). This dispreferenceaswell as otherbiases,is exploited by a (non-statistical)
mechanisnthat XLE providesfor suppressingmbiguitiesautomatically The mechanisntonsistsof a
constraintrankingschemenspiredby Optimality Theory(OT), seeFranket al. (2001). Eachrule and
eachlexiconentrymaybemarkedby "OT marks'. Whenasentencés parsedeachanalysids annotated



by a multi-setof OT marks,therebykeepinga recordof all OT-marked rulesandlexicon entriesthat
were usedfor the respectie parse. The grammarcontainsa ranked list of all OT marks. Whenan
ambiguoussentencés parsedthe OT markmulti-setsof all readingscompetewith eachother A multi-
setcontaininga higherranked OT mark thananothermulti-setis Iltered out, thus suppressindnighly
improbableor marked readings andreducingthe numberof ambiguitiesthe humandisambiguatohas
to dealwith. (Notethatno suppressingf parsesappensn theabsencef ambiguity)

3) a. [Die Stadt] verkaufte[dasHaus] [der Stiftung] . [improbablg
"Thehousesoldthetown to thefoundation.
b. [Die Stadt] verkaufte[dasHaus[der Stiftung] ] . [improbablg

"Thehouseof thefoundationsoldthetown!

A mark "ObjlnVorfeld', for example,forcesto disprefera direct or indirect objectin the "Vorfeld'
(ratherthansubjector adjunct). Thustheimprobablereadingsn (3) aresuppressed-or Sentencél), the
GermarnLFG grammareducegheeightpossiblereadings to two by meansf theOT Iter mechanism.
A further optionwould be to integratea probabilisticdisambiguatiorof sentenceanalysegcf. Riezler
etal. 2000).

3 FromLFG to TIGER

This sectiondealswith the mappingof the LFG grammaroutputto the TIGER format. Section3.1illus-
tratesthe closecorrespondencbetweenLFG f-structureand TIGER graphs. Section3.2 gives criteria
for implementingthe corversionprocedureand motivatesthe particularway of splitting up the taskin
subtasksSection3.3 presentpreprocessingtepshatmake the LFG outputsuitedfor theactualtransfer
componentSections3.4 and3.5dealwith the actualtransfer Finally, Section3.6 concludeghe section
with the postprocessingtepsthatcompletethe mapping.

3.1 LFG F-structure and Tiger Graphs

Theinitial motivationfor adoptingthe LFG-basednnotatiormethodwasthatdespitemary differences
in details thesyntacticanalyse®f theLFG grammarandthe TIGER graphrepresentatioareverysimilar
atthelevel of functional/dependey structure:Both, LFG's f-structureandthe TIGER graphrepresen-
tation,modela dependengcstructureatacomparableegreeof granularity A furthersimilarity is thatin
bothrepresentationshedependengcstructures explicitly relatedto thewordstring. In thecaseof LFG,
this relationis mediatedthroughthe level of c-structure;jin TIGER it is codeddirectly into the depen-
deny graph.The TIGER formatgivesdependengcstructurepriority over phrasestructuralconstitueny.
It makesuseof a generalizedreegraphnotationwhich allows for crossingbranchesin bothschemes,
the situationcanarisethata singlef-structure/deperaicy-structural constituentorrespondso a setof
non-adjacenterminal nodes,i.e., nodeswith someintervening word materialbelongingto a higher
level f-structure/constitert. For example,in Hanshat demBericht geglaubt, daR Maria kommt Hans
believed the reportthat Maria will come’, the embeddedlauseis a complementf the non-adjacent
nominalBeridht, cf. therepresentationis Figure5. Thedependencwhichyieldsthecrossingoranchin
the TIGER graphis encodedn the LFG f-structureasthe complementlauseembeddedindera COMP
featureof thenominalpredicate.

Along with thesehigh-level similaritiestherearea numberof differencesn the representatiooon-
ventionsof TIGER vs. the GermanLFG grammar Onemaindifferences dueto thefactthatredundant

"Thediscussedour readingsaredoubledby anadditionalambiguityof theverh It alsoallows a (dispreferredsubjunctve
reading.
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" Hans hat dem Bericht geglaubt, da Maria kommt.
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Figure5: Long distancedependencieis TIGER graphandLFG f-structurerepresentation

informationis notencodedn the TIGER format(which we will dealwith in Section3.6). For example,
phrasalcateyoriesare alwaysgiven in LFG c-structure independendf the compleity of the phrase,
whereasdn TIGER only complex constituentare dominatedoy a phrasalnode(e.g. VP), comparethe
representationf theintransitve kommt'comes'vs. thetransitive (i.e. comple) geglaubt "believed' in

the TIGER graphin Figure5. Otherdiscrepanciesxist in therepresentationalorventionsfor particular
phenomenddealtwith in Section3.5). For example,in the TIGER representationthe verbal phrase
demBericht geglaubt "believed thereport’ (containingthefull verb participlegeglaub) is embeddeds
aclausalobject(OC) undertheauxiliary hat The LFG grammardoesnotemplg a nestinganalysison

thefunctionallevel. Thefull verbandtheauxiliary occuratthe samef-structurelevel.

In summary differencesbetweenthe two representatiorschemedall in two distinct cateyories:
formalism-inherentlifferencesaanddifferencesn representationalonventionor linguisticanalysis.The
lattercouldin principle be overcomewithin eitherof the two formalframeworks,e.g.,by usingthe LFG
formalismfor writing a new grammarthat usescategory symbolsaccordingto the exact speci cations
of the TIGER annotatiorschemgalthoughthisis certainlynot a practicaloption, sincethegrammarhas
its independeninotivationtheway it is).

3.2 Criteria for implementing the conversion procedure

The obsered systematiaelation betweenthe sourceandthe target format of the requiredcorversion
makesit realisticto implementa mechanicaloutinefor this conversion. At the sametime, subtletiesn
thedifference®f thesecondind (differencesn corventionor linguisticanalysishave to beapproached
with care.In particular onehasto beawarethatneitherthe sourcenor the targetformatcornventionsare
speci edin all detail;they arenoteven x edonceandfor all, but mayundego occasionathanges(Pre-



sumablythey cannotbe x edin principleaslong asonekeepsapplyingthe grammarandtheannotation
schemdo new corpusmaterial.)

We put greatemphasi®n thecriterionof e xibility in the speci cationof the cornversionprocedure
in orderto beableto reactto modi cationsin the sourceandtamgetformatconventions.This excludeda
monolithicimplementatiorof the corversionstep.Ratheradesignwith adeclaratre speci cationof the
corvention-relatedorversion-stepsvasvital. As mentionedabove, it is possibleo make all corversions
but theonesconcerningormalism-inherentifferencesithin eitheroneof theformalisms.Thedecision
we madewasto exploit thisfactandstaywithin theformal framewvork of LFG for mostof thecornversion
procedur® — until a nal low-level corversioninto the notationalformat of the TIGER treebank(this
will be calledthe postpocessingoelav, seeFigure6). The greatadvantageof this move wasthatwe
couldexploit existing systemdor modifyinggrammaticabnalysesvithin alinguisticformalism:transfer
systemsasusedin machinetranslation. Although the presentcontext of applicationis quite different,
thetaskis very similar. In our casethe sourceandtarget structuresdo not originatefrom grammarsof
differentlanguageshut from differentsystemsf representatiofor syntacticdataof thesamdanguage.

In orderto ensurea high-quality conversion, our goal hasbeento rely on systematidifferences,
which canbe convertedmechanicallyasmuchaspossible Besidegshemoreor lessnotationalrewriting
stepthatwe performtowardsthe endof the conversionthereareotherhighly systematiaifferencese-
tweenthe formalisms,concerninghe relationbetweerfunctional/depergity structureandthe suriace
string. Basically LFG's c-structuralinformationhasto be foldedinto the f-structure(andreducedo a
subsef relevantcateyorialinformation). It turnedout corvenientto performthis corversionright atthe
beginning (aswhatwe call preprocessingoelav). Having separateaut thesetwo formalism-inherent
aspectof the corversion,the remainingstepcanfocuson the morelinguistically involved corversion
aspectaspartof thetransfemproper

Prologterm: c- andf-structure

preprocessing

Transfersourceformat

transfer

Transfertagetformat

postprocessing

TIGER columnformat

Figure6: Subproceduresf the conversionroutine

Theresultingmodulardesignshavn in Figure6 hassomeolviousadwantagesChangesn thegram-
maror annotatiorschemeunlesgadical)shouldonly affectthis ‘middle' step.Testingof thecorversion

80ne adwantageof this is thatthe XLE visualizationtools for LFG structurescan be usedeven at a stagein which the
representatiohasalreadybeencorvertedquitealongway (cf. Figures8 and9 belaw).



stepscanbe performedseparatelyandit becomesan optionsimply to replacethe postprocessingtep,
for instanceijf adifferenttamgetformat(e.g.XML) is desired.

3.3 Preprocessing

Sincethe transferstep properproceedsalong the f-structuresof the LFG representationit hasto be
ensuredhatall the informationrequiredto constructthe TIGER tamget structuress accessiblérom f-
structure. This is the task of the preprocessingtep. Note that informationaboutlinearizationof the
individual words— althoughnot encodedat the level of f-structure— canbeignoredin our context: the
word string remainsidentical, thereforeit would be redundanto keeptrack of word orderinformation
during transfer As long asuniquereferenceto the wordsis made,the linearizationof the string can
easilybeoverlaidover thetarget TIGER graph— crossingedgesesultautomatically

Neverthelessteferenceo c-structurecatayoriesis requiredin orderto constructhecorrectcateyory
labelsin the taget structure. Thusthe preprocessingtepimplementsa generalformat conversionof
the LFG structuresfolding the c-structuralinformationinto the f-structure. (Not all the c-structural
informationis required but thetransfercaneasilyeliminateirrelevantinformation.)

TheLFG grammamevelopmentandparsingsystemXLE providesanexportformatfor thesyntactic
analysesa Prologterm,containing at lists of f-structureandc-structuredescriptionsgf. Figure7. The
preprocessingtepwasimplementedasa Prolog programtaking this format asinput and producinga
similartermwith an enriched'f-structureasoutput. Following themodularphilosophyarguedfor in the
previous section,the preprocessingrogramperformsonly highly systematiccanonicalmodi cations,
leaving phenomenon-speci decisiongo thetransferstep.

Whatthe programeffectively doesis traversethe c-structurefrom the root node, keepingtrack of
the c-structure/f-struare correspondencelhis leadsto a setof partial subtreesonsistingonly of con-
nectedco-projectingc-structurenodes. A featurerepresentationf suchsubtreeds thenaddedto the
respecire f-structureundera specialfeatureTT_TREE Somespecialcarehasto betakensinceasingle
f-structuremay have several correspondingonnectedubtreesfurthermorejt hasto be madesurethat
the connectiorto thewordsin the stringremainsrecoverable usinga speciafeatureTT_TERM-CAT?®

A detailof anenriched-structureis shawvn in Figure8 (here,notthe Prologtermitself is shavn, but
the XLE displayof it —themodi ed exportformatcanbereadin anddisplayedagain).Notehow thesub-
treeprojectedby theadwerbhier is melgedinto thefeaturestructureof thecorrespondingredicate The
pointerfeatureTT_PHI (somevhatredundantlyhasthefeaturestructureof hier asits value. This con-

guration allowsto testfor featuresandvaluesevenin morecomplex structuresvithoutmoving through
the recursve tree structure. The integratedc-structureinformation doesnot only include information
aboutthe syntacticcateyories(e.g. ADV[std] , AVDP[std] ) but alsosubleical informationlike part
of speeclandlemma(e.g.+Adv+Commonhier ), andthepointerto thesuriacetoken(TT_SFF_ID).

The preprocessingoutine,in addition,splits parametrizeatategory symbolslike ADVP[std] into
functoramgumentlists. Thisis relevantfor generalizationsver parametrizedeaturessincethetransfer
systemdoesnotallow to useregularexpression®nlabelnames.

3.4 The Transfer Grammar

We madeuseof thetransfersystenof the XEROX TranslatiorErnvironmentby Martin Kay (XTE) which
is partof the XLE developmentplatform. The transfercomponenis a rule rewriting systembasedon
Prolog.As mentionedn Section3.1,differencesn representationor linguistic analysideadto structural

This partis in factnon-trivial sincethe PARGRAM LFG grammardoesnot operateon astring of fullform words,but onthe
outputof amorphologicabnalyzemwhich addsbranchingo thec-structurehatwould notberecorerablein thetargetstructure,
givenjusttheword string.



Figure7: tiger_4548:Prologterm: c- andf-structure(details)

mismatcheshatarecomparabléo transfeambiguitiesn naturallanguagédranslation It wasreasonable,
thereforeto developthemappingin anactualtransferervironment.Usingatestedandintegratedsystem
hadthe additionaladvantagethat neithera speci cationlanguagenor the processingoutineshadto be
developed.Themainfocuslay on theinterfaceroutinesandthe speci cationof the mapping.

The preprocessetlFG parse,cf. Figure 8, functionsastransfersourceformat. It is a at list of
predicate-alue pairsin which, for example,the LFG function SUBJ(ect)is representedsa two-place
predicatethat takes two f-structureindicesas aguments:subj(X,Y) 0 The predicate-alue list is
transformedstepby stepinto the TIGER targetformat. The Transferrewriting rulesapplyin anordered
way to the graduallychangingsetof predicateswhich meanghatthe outputof a givenrule is theinput
of the subsequentlyollowing rule. The architectureof the grammarle thereforemirrorsthe orderof

05ubj(X,Y) readsasthepredicateof f-structureY is thesubjectof the predicateof f-structureX'. As commonin Prolog,
constantdegin with lower case yariablesbegin with uppercaseor anunderscore.



Figure8: tiger_4548:Detail of the enriched-structure(Transfertamgetformat)

potentialrule application.

Rules Inputpredicatesreon theleft-handsideof arule; outputpredicatesreonits right-handside.
Input and outputpredicatesare separatedy a rewriting symbol, the operator==>'. The mostbasic
rulessimply rewrite the nameof the predicateandpasson the valuesof the agumentsunchangedFor
example,the LFG function SUBJis mappedto the TIGER function SB, the function OBLAGT (the
optionalagentin apassie clause)o SBPR respeciiely. Theamgumentslotsarenotmanipulatedi.e. the
dependengcstructurds passedan unaltered.

4) subj(X,Y) ==> sb(X,Y). % subject
oblagt(X,Y) ==> shp(X,Y). % agent in passives ("von"-phrase)

A predicateon theinput sideof arule is deletedfrom theinput setof predicatesanda predicateon
theoutputsideof aruleis addedo the outputsetof predicatesRulesmaybe contextually restrictedby
positve andnegative tests.The operator +' precedinga predicatendicateshatthe predicatas required
in the input setfor the rule to apply althoughthe rule doesnot affect the predicatdtself. A preceding

' triggersa negative test: therule is appliedonly if the predicatels absent.For example,in (5), the
LFG function XCOMRs mappedto the TIGER function PD (predicatve) only if thereis a coindexed
predicateXCOMP-TYPE(X,'c opula ') . Otherwise XCOMRs rewritten asthe TIGER function OC
(clausalobject).

(5) +xcomp_type(Y,'copula’), xcomp(X,Y) ==> pd(X,Y). % predicative
xcomp(X,Y) ==> oc(X,Y). % default

A zeroontheright-handsideencodeshe emptyset,seee.g.(6). In this caseall predicatesn the
left-handsideof therule aredeletedrom the setof predicatesvithout replacement!

(6) tt_tree(_, ) ==> 0. % deletion

1Theunderscords the commonsymbolfor the anorymousvariablein Prolog.



Macrosand Templates Thesystemallows for thede nition of macrosandtemplates—short-hantb-
tationsof setsof predicatesndtransferrules,respecirely. They do notonly facilitaterule development
but alsothe adaptatiorto changesn eitherthe sourceor target format. A format change then, only
requiresto adapta given macroor templatebut not all occurrencesf it in thegrammar
ThemacroTT_VERB_MORPH (7), for example,is anabbreiation of the predicate®ncodingthe
informationrelevant for the mappingof verbal morphologytags. The predicatesnclude TENSEand
MOODwhich areembeddedn the verbal TNS-ASP feature;andthe correspondingpersonandnumber
informationwhich LFG encodesasPERSandNUMembeddedh the subjectfeature(SB).

@) tt_verb_morph(V,Person,Number,Tense,Mo od):=

+tns_asp(V,V1),
+tense(V1,Tense),
+mood(V1,Mood),

+sb(V,V2),
+pers(V2,Person),
+num(V2,Number).

Justlike macrosareshort-handorms of predicatestemplatesareshort-handorms of rules. In (8),
the templateLABEL2HEADexpandsto a rule that mapsa c-structurelabel, FCTR to a TIGER head
relation,HEAD Therule passe®n the form andindex of the surfacetoken. In addition, it introducesa
part-of-speeckag. Theinputpredicatesharetheir rst agument,.e.,they areall connectedo aspeci ¢
featurestructurein theinput representationT T-PHI is a pointerthatrelatesc-structurainformationto
thecorrespondingd-structureindex. It allows oneto link thetamgetpredicatesirectly to thedependenc
structure.

(8) label2head(Fctr,Argl,Head,Pos)
cat_label(V,Fctr,Argl), % macro for category label
tt_phi(V,Vv0), % pointer to f-structure
sff_in(V,ld,Form) % macro for linking of sur-
% face form and surface id
==>
ti_terminal(VO,Head,Pos,|d,Form). % macro for TIGER heads

Theactualtransferrulesinstantiateeemplatesn thatall alumentslotsare lled with constantssee
(9)!2. Templatesanalsoencodea sequencef rules. In this case the grammarcompilerexpandsthe
instantiatedule accordingly

9 label2head('ADV','std',hd,’ADV"). % standard adverbs
fctr2head('ADV',hd,'PWAV"). % interrogative and

% relative adverbs
label2head('PAdvV','std’,hd,'PROAV"). % pronominal  adverbs
fctrzhead('PAdV',hd,'PWAV"). % interrogative and

% relative pronominal
% adverbs

12| ABEL2HEADand FCTR2HEADiffer only with respecto the catgjory label. FCTR2HEADyeneralizeover the value
of Argl . LABEL2HEADcanexpressFCTR2HEALD its secondargumentis instantiatedvith the anorymousvariable.In this
caseary valueof Argl matchegheinputrequirementsSinceit turnedoutto belessef ciently processedhegrammarnules
male no useof this encodingoption.



Structure of the Grammar Thetransfercomponentppliestherulesin the orderof speci cation,i.e.
thetransfergrammamirrorsthemappingorocessEachcompiledruleis calledonly oncein themapping
processandis thenappliedto all predicateghat matchthe rule input requirements.The grammaris
organizedn sevenmainparts:

(i) Redundanpredicatesredeleted E.g. thesubjectfeatureof adjectvesin LFG hasno correspon-
dencen the TIGER format'®. It is thereforedeletedandwill notinterferewith the mappingprocess.

(i) For moreefcient processingall set-\aluedfeaturesarerewritten asrelationalpredicates.The
rulein (10) introducesX_ADJUNCTwhichis atemporarypredicatan the sensdhatit is neitherpresent
in the transferinput nor in the transferoutput. It is both, introducedand subsequentlyleletedin the
procesf transfer®

(20) +adjunct(V,V1), in_set(V2,V1) % set-valued
==> x_adjunct(V,V2). % relational
adjunct(_, ) ==> 0. % deletion

(iif) Grammaticafunctionsthatareencodedn the LFG f-structurearemappedo target predicates.
In mary caseshepredicatenamesarejustrewritten andthefunctionalstructures passean unchanged,
e.g.subj(Vv,Vv1) ==> sb(V,V1).

(iv) Syntacticcategyoriesand syntacticheadsare mappedin combinationwith part-of-speectand
morphologytags. More speci ¢ rulestherebyprecedanmoregenerakules. If notall functionalstructure
is partof theinput, the mappinginsertsstructure seeSection3.5for amoredetaileddiscussiorof this.

(v) A repairsectionfollows after the mappingproper It includesrulesthat maptemporarypredi-
cateson tamget predicates For instancethe temporaryheadof nite auxiliariesHD_AUXs mappedon
the (more general)target headfunction HD The sectionalsoincludesrulesthat ‘repair' tamget format
notation. For example,the TIGER format distinguishesdbetweenprepositionaimodi ers of nounsand
othernounmodi ers. Theformerarelabelled modi er of thenounto theright' (MNRwhereagherest
is uniformly labelled nounkernelelement'(NK). It is muchsimplerto mapall nounmodi ers alike and
only to checkfor the speci ¢ caseattheendof themappingprocessef. (11).

(11) nk(V,V1),+ti_cat(V1,'PP’) ==> mnr(V,V1). % prepositional
% modifier of noun

The mappingrules are followed by two further rule sections. (vi) Rolustnessules checkfor all
functionallabelsandterminalswhetherthey areintegratedin the dependengcstructure- whichis anec-
essanprerequisitdor thecanonicapostprocessingonvertiontothe TIGER columnformat. If necessary
afragmentrelationis inserted.(vii) Finally, all non-tagetpredicatesredeleted.

3.5 Transfer Phenomena

In contrasto naturallanguagdransfey TIGER Transfereavesthe surfacestringunchangedThetaskis
to mapa limited setof grammaticafeaturesnto anothedimited setof grammaticafeatures.Although
thereare mary trivial casesthe format conversionis more complex than a simple mappingof two
featuresets. Dueto differencesdn representatiochosenfor particularlinguistic phenomenathereare
mismatcheghat are comparabldo “transferambiguities'in naturallanguagedranslation(for the latter
seee.g.Kameyamaetal. 1991,Emeleetal. 2000).

BIn the caseof attributive adjectizes, for instancethe subjectpointsto themodi ed headnoun.
14DougArnolds(p.c.) madeusawareof thedravbackstemporarypredicatesnight have if they areusedin alargegrammar



Ambiguous Predicates A simpleexamplewasintroducedin Section3.4, the mappingof XCOMRo
PDor OC dependingon the valueof the featureXCOMPA morecomple caseis the translationof the
predicateADJUNCTIt is avery generafunctionin the GermanLFG andcorrespondso threedifferent
TIGER functions,i.e., it is three-foldambiguous. The conditionsfor resolvingthe ambiguity are not
encodedn a speci ¢ feature,but have to be found independently In (12), ADJUNCTis mappedto
thefunction "genitive attribute' (AQ if the embeddingpredicates a noun(marked by NTYPEH andthe
embeddedgredicatehasa casefeaturewith the value gen (itive) — unlessit is an attributive adjectve
(ATYPE attributive ). OtherADJUNCTB within nounsaremappedo “nounkernelelement'(NK).
Thedefault mappingof ADJUNCTis to thefunction 'modi er' (MQ.1°

(12) +ntype(V, ), +case(V1,'gen’), % required  context
-atype(V1, attributive"), % negative  condition
x_adjunct(V,V1),
==>
ag(Vv,vl). % 'genitive attribute'
+ntype(V,_ ), x_adjunct(V,V1) % other noun modifiers
==>
nk(V,V1). % 'noun kernel element
x_adjunct(V,V1) % default: modifiers of
==> % verbs and adjectives
mo(V,V1). % 'modifier'

Someambiguitiescannotbe resolhed by the transfercomponentFor example, TIGER distinguishes
two potentialfunctionsof prepositionalphrasesn predicatve constructionssee(13). PPs with an
abstractmeaning,i.e. idiomatic chunks,are analyzedas predicatves (PD), all other PPsas modi ers
(MO). Transfemprovidesonly thefunctionMGhere. The adaptatiorto the speci ¢ TIGER edgelabelhas
to be donemanuallyaftertransfey e.g.with the (semi-automaticANNOTATE tool.

(13) a. PPfunctionsaspredicatve:
Sieist aufderHut ("Sheis on herguard)

b. PPfunctionsasmodi er:
Sieistim Garten("Sieis in thegarden')

Structural Changes Thereare headswitch' transformationsn naturallanguageranslationin which
theheadof the sourcestructurebecomes dependenglemenin thetamgetstructureandaformerdepen-
dentelementbecomeghe headof the constituent.In Example(14), like is the matrix predicatewhich
subcatgorizesthe in niti ve come In the correspondingsermanexamplein (15), kommeis the main
predicatewhich correspondin meaningto the Englishembeddedh niti ve, come The meaningof like
is expressedy theadverbgern “gladly' thatmodi es komme

(14) | liketo come

(15) Ich komme gerne
I come gladly

In themappingof LFG to TIGER representationshereareconstellationshatresembldheadswitch.
Figure5 in Section3.1shavs haw the two systemgepresenthe concept headof a clause'differently
In the GermanLFG, on the onehand,the mainverbis alwaysthe main predicateof the clause.Since

SADJUNCTis mappedo thetemporarypredicateX_ADJUNCTcf. Section3.4



temporal(or passie) auxiliariesdo not have lexical meaningon their own, they co-projectwith themain
verbon f-structure. In TIGER, onthe otherhand,the nite verbis analyzedasthe headof the clause,
independenbf whetherthe verb is a main verb or an auxiliary Accordingly in analytictenseslike
perfect,the nite auxiliary is the clausalheadandthe main verb becomeghe headof an embedded
function OC( clausalobject’). The mappinghasto reoganizethe verbal headsandinsertadditional
structure.Therestructurings guidedby c-structurainformation.

Thenaturallanguagenappingof Example(14) to Example(15) doesnotonly affectthehierarchical
structurebut alsothedistribution of theargumentsThe subjectof the predicatdike in Englishbecomes
the subjectof the predicatedkommein German.A moreexplicit caseof agumentrearrangemens given
in the mappingof Example(16) to Example(17). The Germanverb kennenlerners translateccompo-
sitionally into the expressiorget to knowin English. The mappingsplitsthe agumentsof kennenlernen
andrelateghe subject(sie/thg) to the structurallyhigherverbgetandtheobject(sich/ead othen to the
structurallyembeddederbknow

(16) (Er glaubt,) dass sie sich kennenlernten
he thinks that they REFL got_to_knav

a7 (Hethinks)thatthey gotto know eachother

Sometimesargumentshave to berearrangedn grammarmmapping,aswell. If you go backto Fig-
ure5, again,you seethatthe GermanLFG treatsall agumentshe same:both the subject(SUBJ)and
theindirectobject(OBJ2)belongto the main predicateon f-structure. TIGER, in contrastdistinguishes
betweersubjectsandall otheraguments.Only the subjectis alwaysdependenof the nite head.The
otheragumentsaredependenbn the mainpredicatejf the main predicatas embeddedthe aguments
areembeddedswell, cf. themainpredicategeglaubtandtheindirectobject(DA). Argumentrearrange-
mentis encodedn therepairsectionof the transfergrammar

3.6 PostprocessingSteps

After therenamingandrestructuringproceduredlustratedin the precedingsectionsfurthersmallmod-
i cations completethe mappingLFG — TIGER.

Mor phology Tags Currentlythe TIGER treebankformatsupportsonly oneslot for morphologytags.
In LFG, the morphologicalfeaturesare distributed on different predicatesge.g. gend(V,'Masc') ,
case(V,'Nom') . They arecollectedduringthetransferprocessA Perlscriptsubsequentlyoins all
morphologicalfeaturesbelongingto onetokeninto onestring. The morphologymappingcould have
beenintegratedin thetransfergrammayraswell. But it would have sloved down the transferprocedure
considerably®

TIGER Column Format Theoutputof thetransfermproperis aProlog le. A canonicalpostprocessing
step(implementedn Prolog)convertsthe Prolog le, cf. Figure9, into the TIGER columnformat, cf.
Figurel0.

TokenizerModi cations  Furthermoregertainstringmanipulation®f thetokenizerusedn LFG pars-
ing have to beundone Thesestringmanipulationsnvolve certainpunctuatiormarks(commassurround-
ing embeddedalauses)upperandlower case(sentence-initial)hyphenateacompoundsandquotation
marks.HyphenatedompoundsuchasCDU-Frauen CDU women'aresplitinto two tokensby theLFG

18Becausehe systemdoesnotallow for variablesrangingover predicates.



-HD-OUT[TI-FORM herrscht , TI-MORPH 3.Sg.Pres.Ind , TI-POS VVFIN, TI-SFF-ID 117]
MO-OUT HD-OUT [TI-FORM hier , TI-POS ADV TI-SFF-ID  60]
TI-CAT AVP
PU-OUT [TI-FORM ., TI-POS Dollar. , TI-SFF-ID  195]
SB-OUT NK-HD-OUT [TI-FORM Demokratie , TI-MORPH Fem.Nom.Sg.*, TI-POS NN TI-SFF-ID  169]
TI-CAT NP
-1 |[SENTENCE-ID tiger_4548 , TI-CAT S

Figure9: Transfertargetformatof tiger_4548

#FORMAT3

#BOS 4548 102 947689949 1%%LFG 4548

hier ADV - HD 502
herrscht VVFIN 3.5Sg.Pres.Ind HD 500
Demokratie NN Fem.Nom.Sg.* NK 501
. $. - - 0
#500 S - - 0
#501 NP - SB 500
#502 AVP - MO 500
#EOS 4548

Figurel0: TIGER columnformatof tiger_4548

tokenizer andanalyzedaccordinglyby boththe LFG morphologycomponenandthetransferalgorithm.
In contrastthe TIGER annotatiorschemereatshyphenatedompoundsisonetoken,thereforerequiring
adjustmentsfter transfer Concerningounctuationthe tokenizerproblemsare moredif cult to sole.
Typically, commassurroundembeddedlausesbut theseconccommais omittedif theembeddedlause
immediatelyprecedeshe sentencenal punctuation.However, in orderto avoid differentrule versions
of embeddedlausegwith andwithout seconccomma) the LFG tokenizerprovidesfor additionalcom-
masin front of the sentencenal punctuatiormark. Theseadditionalcommashave to be deletedafter
transfer Quotationmarksin Germanmay enclosephrasesandchunksaswell asarbitrarysequencesf
words(non-constituents)They canevencrosssentencéoundariesHencestatinga rule thatdealswith
atleastthe mostcommontypesof quotationis nearlyimpossible.Thereforethe LFG tokenizerdeletes
guotationmarksandthe postprocessingrocedurehasto recorer them. All thosemodi cationsaredealt
with mainly by a string comparisordonedirectly after transfer It comparegransferoutputstringsto
the original input sentencebeforeLFG parsing.In caseof faulty output,missingelementsareinserted
or super uousonesdeletedasappropriate.The repairedstructuresarethenchecled and,if necessary
completedby the humanannotatousingthe semi-automati@a NNOTATE tool.

Redundant Information As alreadymentionedin Section3.1, certainnon-branchingcateyory pro-

jectionsarenot representeth the TIGER format. This pointsto anotherspeci c featureof the TIGER

annotatiorformat,namelythetendenyg to avoid redundang To illustratethis feature seethe graphsof

the exampletiger_4548shawvn in two differentversionsin Figure11. The rst treeis the currentoutput
versionof TIGER Transferaspresentedofar. ThesecondreeshavstheactualTIGER version:all nodes
dominatingjust onedaughtemodehave beenomitted. This is motivatedby the factthatthe missingin-

formationis redundanin the sensethatit canbe insertedautomatically Furthermorethe annotation
taskbecomesasielif the structureis lesscomplex andlessnodeshave to be checled andcorrectedoy

the humanannotatar Finally, sincethe structureis atter, biggerpartsof atreecanbedisplayedon the
screenln TIGER Transfertherespecire projectionsaredeletedn the courseof the postprocessing.



[vo]
D D, 6,
Hier herrscht Demokratie . Hier herrscht Demokratie
ADV VVFIN NN $. ADV VVFIN NN $.
3.Sg.Pres.Ind Fem.Nom.Sg.* -- -- 3.Sg.Pres.Ind Fem.Nom.Sg.*

Figurell: TIGER graphwith andwithoutnon-branchingnodes

4 Results

The GermanLFG Grammaranalyzeson average50.1%of the sentences,oughly 70% thereofare as-
signeda correctparsé’. The sentenceshatare parsedcontainl16.0wordson averageandthe average
parsingimeis 8.29sec/sentenc&VithoutusingtheOT lter mechanisnasentencgets35,577analyses
on average(median:20). After OT ltering, the averagenumberof analysesiropsto 16.5(median:2),
cf. Dipper(2000).About 2,000sentencesf the TIGER corpushave beenannotatedy LFG parsing.

Althoughtherearelimits to thecorpuscoveragetheapplicationof thegrammaiin annotatiorseems
useful,in particularwhencombinedwith anotherannotatiormethod.High quality treebankingequires
atleasttwo annotatiorpassedor eachsentenceanda comparisorstep.If oneof the passess classical
manualknnotatiorandtheotherpasss basedn afull-depthgrammaythestrengthof thetwo techniques
arecombined]eadingto a moreconsistenbverall result.

5 Outlook

In thelastsectionwe will discusgotentialextensiongo the LFG-basedannotationy(i) partialanalyses
(‘fragments"); (i) morphologyand lemmaannotation;(iii) consisteng checks. All threeapplication
taskswould bene t from a coverageextensionof thegrammayranoutlineof whichwe will discussatthe

very endof this paper

Partial analyses For the annotationof new sentencesa featureof the XLE systemcanbe exploited,
the "Fragmenimechanism'.This mechanisnallows for every sentencdo getat leasta partialanalysis.
Hencethe LFG-basedannotatioris no longerrestrictedto 35% of thecorpus.

The fragmentmechanisnmworks asfollows. A sentenceas rst parsedasusually; only if it does
not getananalysis XLE reparseshe sentenceln this secondparseXLE only triesto constructcertain
constituentsspeci edin adwvanceby the grammarwriter, e.g.NP[std] , PP[std] (ordinaryNPsand
PPs). Typically thoseconstituentsare maximalprojectionsasde ned in the grammar Hencethey are
not chunksbut may be complex andeven recursve; an adjacentrelative clause.e.qg.,is always part of
the respectre NP-fragment. Other constituentghat are suitedfor fragmentsare subordinateclauses
(adwerbialandsubcatgorized),sincetheir left andright boundariegremarked clearly

First experimentswith fragmentswere very promising. For instance nounchunkswere analyzed
with a precisionof 89% anda recall of 67%; prepositionathunkswerefoundwith a precisionof 96%

1710% of the sentencesailed becausef gapsin the morphologicalanalyzer;6% failed becauseof storageover ow or
timeouts(with limits setto 100 MB storageand 100 secondgarsingtime). 10% of the parsedsentencesverenot evaluated
wrt. thecorrectanalysisbecausehey receved morethan30 analysisafter OT- Itering.



(ignoring PP-attachmerfor the evaluation)anda recall of 79%, cf. Schradef2001).

The partialanalyseyieldedby the fragmentmechanisnwould have to be mappednto partialanal-
ysesin the TIGER formatandsubsequentlgompletedoy humanannotatorsupportedy the tool AN-
NOTATE. In thisscenario,TIGER Transferhasto be modi ed to dealwith partialinputandoutput.

Annotation of morphology It is plannedn the TIGER projectto addanannotatiorof morphologyand
lemmainformationto the sentenceannotatedyntacticallysofar; new sentencewill beannotatedvith
all informationtypes. For this taskthe LFG grammarcanbe exploited easily EachLFG analysisof a
sentencautomaticallycontainsmorphologyandlemmainformation. The transferalreadyprovidesfor
amappingof therespecitie tags.

Thereis is even a straightforvard way to supply additionalmorphologyand lemmainformation for
sentenceslreadyannotatedvith syntacticstructure,without having to disambiguatéhe parsesagain
manually Partsof the annotationof a sentencde.g.predicate-gjumentstructure adjunctattachment)
aretransformednto Prologterms. The sentences parsedasusualandall analysesare storedin the
Prolog export format. A testroutine then picks out the analysiscorrespondingo the Prolog terms
derived from the annotation. Thusthe alreadyexisting annotatiorreplaceghe manualdisambiguation
step. Now the morphologyandlemmainformationof the selectedanalysisis corvertedto the TIGER
format. This way, large partsof the alreadyannotateaorpuscanbe automaticallyenrichedoby the LFG
grammawith new information.

Consistencychecks The methodsketchedin the precedingparagraphcan also be usedto perform
consisteng checks.Especiallyin the domainof part-of-speechags,humanannotatorseasily overlook
errors. However, for a high quality corpussuchasthe TIGER treebank,correctpart-of-speechiags
are asimportantas correctstructures. Likewise for applicationsuchas TIGERSearch(a query tool

for the TIGER corpus),it is often necessaryo rely on part-of-speeclinformation, e.g. whenlooking

for postnominakdwerbsasin Hansselbst'Hanshimself. The at annotationstyle appliedin TIGER

malkesthis point even moreimportant. In TIGER thereis no structuralproperty(node,label) in an NP

differentiatingbetweene.g.adetermineranattributive adjectve, andtheheadnoun. Theonly difference
is their part-of-speeclagsART, ADJA NN/NE, respectiely.

As sketchedabove, informationsuchaspredicate-ggjument-ructure of the existing annotationwill
be mappedo Prologtermsthusabstractingrom part-of-speeclkags.Thesentencés parsedanddisam-
biguatedautomatically andthe transfergenerateshe TIGER representatioformat. This way, part-of-
speechagerrorswill bedetectechutomatically

Coverageextension Furthermoreghe annotatedorpuscouldbe exploitedfor extendingthe coverage
of the grammar- this would of courseimprove the resultsof the mentionedtasksperformedwith the
grammar With theseapplicationsn mind, it wouldbejusti ed to aimparticularlyatsystemati@xtension
of coveragewith respecto thegivencorpus.

Therearetwo waysin whichit is realisticto expecta possiblecoverageextension,now thatthean-
notatedT IGER corpusis available.The rst stratgy relieson “classical'grammawriting, i.e.,involving
alinguist who identi es missingrule partsor lexicon entries.Whenthis techniqueis applied,trying to
extenda grammarthatalreadyhasa relatively broadcoverage a predominanproblemis the detection
of unintendednteractions.How canoneexcludethata rule modi cation requiredfor a givensentence
causdghegrammaro breakdown onanumberof othersentences®nly if asufcient amountof realistic
sentences usedfor acomparatre testcanmodi cations beacceptedvith reasonableon dence.

Here thetreebanlcanbeusedasatestsuitein regressiortesting.While ary collectionof sentences
canbe usedto comparethe grammarbehaior beforeand after a modi cation, only the annotationof



thecorrectanalysiswill guarante¢ghedesiredgrammarbehaior. (In very short,unambiguousentences
thisis lessof a problem,but whenrealisticsentenceshangerom eightyto sixty readingsinspectiorof
the solutionswould be requiredto make surethatthe twenty readingdost areirrelevant.) Technically
the TIGER-dervedtestsuiteusedin grammardevelopmentwill bealist of stringsannotatedvith target
structuresin a similar way as proposedin Kuhn (1998) (we usea slightly differentschemenow, in
which XLE's export representatioins comparedwith the storedtamet representation)in essencethe
annotationstructureswill specify predicate-ggumentstructureandmodi er attachmentasmentioned
above), but leave furtherdetailsopento thegrammar

Letusnow turnto thesecondstratgy we wouldlik e to experimentwith for extendingcoveragewith
respecto the TIGER corpus.Thebasicideaturnson thefactthata high-qualitysymbolicgrammarhas
to be highly restrictedwhenit is appliedto unseertext, in orderto avoid that overgeneratiorleadsto
a proliferation of readingsper sentence.For instance the subcatgorizationframeslisted in the verb
lexicon are keptvery restricted althoughparsingfailuresare often dueto missingframesfor a known
verh Butthealternatve of relaxingsuchrestrictionwould requiresomeexternalcontrolof theadditional
readingghatwould arise.

With thetargetannotatiorpresenin the TIGER corpus this externalcontrolis actuallyin place.So,
whenthe grammaris usedto reparsethe corpus,it makes senseto relax someof the strict conditions
encodedn thelexicon andrules. The larger setof readingsarisingfor eachsentencevill be cutdown
immediatelyby allowing only parseghat meetthe annotategredicate-ggumentstructure(againusing
thetestsuite). Thus,not only sentencethatarecoveredby the “classical'grammarsould be reparsed
successfullybut hopefullyalsosomesigni cant proportionof previously uncoreredsentences.

Ultimately, one could run training experimentswith the statisticalmodel of Riezleret al. (2000)
over therelaxed grammar The TIGER corpuswould sene as completedata’, i.e. supervisedraining
material,so the relaxed grammarcould thenalsobe appliedon unseersentencesvith externalcontrol
over thereadingg(in this casethe externalcontrolis exertedby the statisticalmodel). Evaluatingsuch
anexperimentcanbeexpectedo behighly revealingabouttheinformationsourcesequiredfor alarge-
scaleuni cation grammar
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