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Abstract

Creationof high-quality treebanksrequiresexpert knowledgeand is extremely time consuming.
Henceapplyingan alreadyexisting grammarin treebankingis an interestingalternative. This ap-
proachhasbeenpursuedin thesyntacticannotationof Germannewspapertext in theTIGER project.
We utilized thelarge-scaleGermanLFG grammarof thePARGRAM projectfor semi-automaticcre-
ationof TIGER treebankannotations.ThesymbolicLFG grammaris usedfor full parsing,followed
by semi-automaticdisambiguationandautomatictransferinto the treebankformat. The treebank
annotationformat is a `hybrid' representationstructurewhich combinesconstituentanalysisand
functionaldependencies.Both typesof informationareprovidedby theLFG analyses.

Although the grammarand the treebankrepresentationscoincidein coreaspects,e.g. the en-
coding of grammaticalfunctions,thereare mismatchesin analysisdetailsthat are comparableto
translationmismatchesin naturallanguagetranslation.Thismotivatestheuseof transfertechnology
from machinetranslation.

TheGermanLFG grammaranalyzeson average50%of thesentences,roughly70%thereofare
assigneda correctparse;after OT-�ltering, a sentencegets16.5analyseson average(median: 2).
We arguethatdespitethe limits in corpuscoveragetheapplicationsof thegrammarin treebanking
is usefulespeciallyfor reasonsof consistency. Finally, we sketchfutureextensionsandapplications
of this approach,which includepartialanalyses,coverageextension,annotationof morphology, and
consistency checks.

1 Intr oduction

Thispaperreportsonwork donein thecontext of theTIGER project.2 Theprojectaimsatcreatingalarge
Germantreebank,theTIGER treebank(Brantsetal.2002),andatdevelopingsearchtools(TIGERSearch,
Lezius(2002))for exploiting theinformationencodedin thetreebank.Theannotationis verydetailedin
that it encodesinformationaboutpart-of-speech:e.g.NN, VMFIN (commonnoun,�nite modalverb);
morphology:e.g.Masc.Nom.Sg;syntacticcategory: e.g.NP, PP(noun/prepositional phrase);andgram-
matical function: e.g.SB, OP (subject,prepositionalobject). In order to representthe functionalde-
pendency relationsin a compactgraphformat with thesequentialword stringat the terminalnodes,a
generalizedtreeformatwasadoptedwhichincludescrossingbranches(cf. theNEGRA project,Skutetal.
1997; for an example,seeFigure5 below). In this format, for instance,a nominalphrasemay form a
discontinuousconstituentwith an extraposedrelative clausethat modi�es it. (A morefamiliar phrase
structureformatinvolving tracescanbeobtainedwith aconversionroutine.)

Two differentannotationmethodsareusedin the TIGER project: (i) an interactive combinationof
a cascadedprobabilisticparser(Brants1999)andmanualannotationwith the ANNOTATE tool (Plaehn
andBrants2000); (ii) parsingby a symbolicLFG grammar, followed by manualdisambiguationand
automatictransferinto theTIGER format(Dipper2000).Technique(i) is themainline in theannotation
process;(ii) hasa moreexperimentalstatus. A motivation for the useof (ii) was to explore to what
extenta preexisting broad-coverageuni�cation grammarof Germancanbeexploited for anannotation
project.Sincethecorpusis supposedto satisfyhighstandardsof quality(in particularconsistency), each
sentenceis generallyannotatedindependentlyby two annotators.In casesof mismatchtheannotators
have to goover thesentenceagainin adiscussionsession.Theuseof two entirelyindependentmethods

2The TIGER project (URL: http://www.ims.uni-stuttgart.de/projek te/TIG ER/ ) is funded by the
DeutscheForschungsgemeinschaft (DFG).

We would like to thankAnetteFrank(DFKI Saarbrücken, formerly at XEROX Grenoble)for her input andgreathelp with
the transfercomponent.Thanksalso to BettinaSchraderwho wasnot only responsiblefor the disambiguationof the LFG
analysesbut alsoimplementedpartsof TIGER transfer. Credit for theoriginal ideaof exploiting anexisting transfermodule
goesto Martin Emele.Besidesthesethreepeople,wewouldliketo thankStefanEvert,JanAnderssen,HannahKermes,andthe
audiencesat theWorkshopon “SyntacticAnnotationof ElectronicCorpora”(Tübingen,2000)andat the“Third Workshopon
Linguistically InterpretedCorpora”(LINC – Leuven,2001),for discussionandcommentson previousversionsof this paper.
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is anadditionalway of ensuringconsistency. With themoremechanicalgrammar-basedapproach,low-
level mistakesresultingfrom carelessnessarelesslikely to appear. To a certaindegreethis outweighs
theproblemthat the grammarof coursedoesnot cover all theconstructionsappearingin a newspaper
corpus.

sentenceof TIGER corpus
�

parsedby LFG grammar
�

severalanalyses
�

disambiguation
�

oneanalysis
�

Tiger Transfer
�

TIGER format

Figure1: Scenarioof annotationby LFG

This reportfocuseson the grammar-basedannotationapproach(ii), which is depictedin Figure1,
andin particularonits transfercomponent:TIGER Transfer. Thepaperis organizedasfollows: Section2
givesashortintroductionto theGermanLFG grammarthatis usedin theannotationandalsoaddresses
thedisambiguationtask. Section3 presentsthetransformationsthatanLFG analysisof a sentenceun-
dergoeson its way to theTIGER representation.Section4, then,givessomestatistics.Finally, Section5
concludesthepaperwith anoutlookon futurework.

2 The LFG Analysis

2.1 German LFG Grammar

TheGermanLFG grammar(Dipperto appear)wasdevelopedin thePARGRAM project,3 usingtheXe-
rox Linguistic Environment(XLE). Analyzinga givensentencewith theLFG grammaryieldstwo rep-
resentations,theconstituentstructure(c-structure)andthefunctionalstructure(f-structure).C-structure
encodesinformationaboutmorphology, constituency, andlinearordering.F-structurerepresentsinfor-
mationaboutpredicateargumentstructure,aboutmodi�cation, andabouttense,mood,etc.

Figure2 shows the LFG c-structurefor a simplesentencefrom the TIGER corpus: Hier herrscht
Demokratie`Democracy ruleshere'.Theexampledemonstratesboth,familiaraspectsof Germansyntax
andmoretechnicallymotivatedspecialitiesof this particulargrammarimplementation.4 The latter in-

3URL: http://www.parc.com/istl/groups/nltt/parg ram
4TheGermanLFG grammarencodesa generalizedCP-analysisof German:The �nite verbherrscht thusoccupiestheC-

position,precededby theadverbphrasehier in thespeci�er positionof CP. TheNP Demokratie is immediatelydominatedby
Cbar. For processingreasons,thereis no VP-projectioncovering the`Mittelfeld' andhencedominatingtheNP. Note �nally ,
theroot nodedoesnot only dominatetheclausalprojectionof thesentencebut alsoits identi�cation andits �nal punctuation
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CS 1: ROOT:2285

S-ID:980

tiger_4548:0

COLON:25

::26

CP[std,-dep]:2277

ADVP[std]:1217

ADV[std]:1005

hier:60

Cbar[+fin]:2182

V[v,+fin]:1534

Vmorph[v,+fin]:1533

herrscht:117

NP[std]:2158

NPx[std]:1777

NPap:1775

Cat[noun]:1753

H[noun]:1752

Demokratie:169

PERIOD:194

.:195

Figure2: C-structure of tiger_4548:Hier herrscht Demokratie.

cludea �ne-graineddifferentiationof categorysymbols,amongothers̀ complex' categorysymbolswith
category-level featuresin squaredbrackets,like V[v,+fin] 5. Figure3 shows the f-structureof Hier
herrscht Demokratie `Democracy ruleshere'. The leftmostbracket opensthe featurestructureof the
main predicate,the verbalpredicateherrscht. This f-structureincludesseveral grammaticalfunctions,
which have embeddedf-structuresasvalues:ADJUNCT pointsto theadverbialpredicatehier (embed-
dedin aset,sincetherecanbeseveraladjuncts),SUBJ(ect)pointsto thepredicateDemokratie. In addi-
tion the f-structurescontainmorphosyntacticinformationlike TENSE,MOOD, CASE,andGENDER.
In LFG, thelevel of c-structureis relatedto thef-structureby thefunction � whichmapseachc-structure
nodeto a featurestructure(a many-to-onemapping).Themappingrelationsbetweenc-structurenodes
andf-structuresareindicatedby indices.In Figure2, for instance,thec-structurenodesrepresentingthe
projectionsof theadverbhier areindexed with 60, 1005,and1217,respectively. Thefunction � maps
thenodesto the featurestructurethat is thevalueof the(set-valued)featureADJUNCT on f-structure,
cf. Figure3.

2.2 Disambiguation

Almost every sentenceof a newspapercorpusis syntacticallyambiguous.Therearestructuralambigu-
ities suchasdifferentattachmentsitesof adjunctsandword-level ambiguitiesdueto ambiguousin�ec-
tionalmarking,homographicwordformsor alternativesin subcategorization.Hencethegrammaroutput
hastobedisambiguated,whichnormallymeansthatahumanannotatorhasto selectthecorrectanalysis.6

mark(S-ID andCOLON).
5V[v,+fin] denotesaverbalcategory of thesubtype'�nite full verb'.
6Shallow parsingapproachestypically employ amoredeterministicstrategy, i.e., they combineparsinganddisambiguation

(from corpus-basedtraining), producingjust a single analysis. Quite obviously in the scenarioof creatinga high-quality
treebankannotation,manualcontrol is indispensable.In the approachusingthe ANNOTATE tool, this is ensuredthroughthe
interactive cascadedprocedureinvolving thehumanannotatorat all levels. In ourcase,theentireanalysesarepresentedto the
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"tiger_4548: Hier herrscht Demokratie ."
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Figure3: F-structure of tiger_4548:Hier herrscht Demokratie.

XLE supportsthis disambiguationin sofar asit packsall differentreadingsinto onecomplex represen-
tationthatcaneasilybebrowsedby thehumanannotator. Onaverage,however, asentenceof theTIGER

corpusreceivesseveral thousandsof LFG analyses.Obviously it is impossibleto disambiguatethose
analysesmanually. For thatreason,XLE providesa (non-statistical)mechanismfor suppressingcertain
ambiguitiesautomatically. We illustratebothkindsof disambiguationin thefollowing paragraphs.

Manual Disambiguation The parsesof one sentenceare representedin a packed featurestructure
chart,cf. Maxwell andKaplan(1989): the featurescommonto all readingsof the sentencearerepre-
senteda singletime; featureconstraintsthatdo nothold in all readingsaremarkedby context variables.
Theresultis anf-structurethatis annotatedwith variablesto show wherealternativesarepossible.After
sometraining, this representationis easilyreadablefor the annotator. Manualselectionof the correct
analysisis doneeitherby pickingthecorrespondingc-structuretreeor by clicking ontherespective vari-
ablesin thef-structure.XLE moreover supportsmanualdisambiguationby variousotherbrowsingtools
appliedto c-structureaswell asto f-structure(King etal. to appeardescribethesetoolsin detail).

In Example(1), ambiguityin casemarkinggivesriseto two differentpredicateargumentstructures
(andto twodifferentconstituentstructures).Der Stiftung̀ thefoundation'caneitherbedativeor genitive,
i.e., it caneitherfunctionasindirectobjectto theditransitive verbverkaufeǹsell' or asgenitiveattribute
to Haus `house' (with a transitive versionof verkaufen, which is likewise possible),cf. the readings
in (2). In Figure2.2,thef-structurealternativesthatarerestrictedto thetransitive readingareannotated
with the variablea:1 , the ditransitive oneswith a:2 , respectively. The resolutionof this ambiguity
requirescontext knowledgeandhasto bedonemanually.

(1) Die Stadt verkaufte das Haus der Stiftung.
The town sold the house the foundation

humanannotatorgrammarincludesmany moreexplicit grammaticalconstraintsthanthegrammarsthatareusedin a shallow
parser).
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(2) a. [Die Stadt]����� verkaufte[dasHaus]����� [derStiftung]	
��� .
`Thetown soldthehouseto thefoundation.'

b. [Die Stadt]����� verkaufte[dasHaus[derStiftung]
�� � ] ����� .
`Thetown soldthehouseof thefoundation.'

Figure4: Packed f-structur e-chart of Die StadtverkauftedasHausderStiftung.

Automatic Disambiguation Example1 is evenmoreambiguous.DasHausanddie Stadtcaneither
benominative or accusative, i.e. subjector directobjectof theclause,cf. thereadingsin givenin (3). In
this case,onereadingis ratherimprobable,namelythatwith theobjectoccupying the�rst position(the
`Vorfeld'). Whenlike in this example,the casemarkingis ambiguous(but not whenthe accusative is
overtly marked), thenthereis a strongdispreferenceagainstthe readingwith the objectin theVorfeld
position. This phenomenonis sometimescalledthe word order freezingeffect (compare(Kuhn 2001,
sec.4.2), Lee (2001)). This dispreference,aswell as otherbiases,is exploited by a (non-statistical)
mechanismthatXLE providesfor suppressingambiguitiesautomatically. Themechanismconsistsof a
constraintrankingschemeinspiredby Optimality Theory(OT), seeFranket al. (2001). Eachrule and
eachlexiconentrymaybemarkedby `OT marks'.Whenasentenceis parsed,eachanalysisis annotated
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by a multi-setof OT marks,therebykeepinga recordof all OT-marked rulesandlexicon entriesthat
were usedfor the respective parse. The grammarcontainsa ranked list of all OT marks. When an
ambiguoussentenceis parsed,theOT markmulti-setsof all readingscompetewith eachother. A multi-
setcontaininga higherranked OT mark thananothermulti-set is �ltered out, thussuppressinghighly
improbableor marked readings,andreducingthenumberof ambiguitiesthehumandisambiguatorhas
to dealwith. (Notethatno suppressingof parseshappensin theabsenceof ambiguity.)

(3) a. [Die Stadt]����� verkaufte[dasHaus]����� [derStiftung]	
��� . [improbable]
`Thehousesoldthetown to thefoundation.'

b. [Die Stadt]����� verkaufte[dasHaus[derStiftung]

�� � ] ����� . [improbable]

`Thehouseof thefoundationsoldthetown.'

A mark `ObjInVorfeld', for example,forcesto disprefera direct or indirect objectin the `Vorfeld'
(ratherthansubjector adjunct).Thustheimprobablereadingsin (3)aresuppressed.For Sentence(1), the
GermanLFG grammarreducestheeightpossiblereadings7 to two by meansof theOT �lter mechanism.
A furtheroptionwould be to integratea probabilisticdisambiguationof sentenceanalyses(cf. Riezler
etal. 2000).

3 From LFG to TIGER

This sectiondealswith themappingof theLFG grammaroutputto theTIGER format.Section3.1illus-
tratesthe closecorrespondencebetweenLFG f-structureandTIGER graphs.Section3.2 givescriteria
for implementingtheconversionprocedureandmotivatestheparticularway of splitting up the taskin
subtasks.Section3.3presentspreprocessingstepsthatmaketheLFG outputsuitedfor theactualtransfer
component.Sections3.4and3.5dealwith theactualtransfer. Finally, Section3.6concludesthesection
with thepostprocessingstepsthatcompletethemapping.

3.1 LFG F-structure and Tiger Graphs

Theinitial motivationfor adoptingtheLFG-basedannotationmethodwasthatdespitemany differences
in details,thesyntacticanalysesof theLFGgrammarandtheTIGER graphrepresentationareverysimilar
at thelevel of functional/dependency structure:Both, LFG's f-structureandtheTIGER graphrepresen-
tation,modeladependency structureatacomparabledegreeof granularity. A furthersimilarity is thatin
bothrepresentations,thedependency structureis explicitly relatedto thewordstring.In thecaseof LFG,
this relationis mediatedthroughthe level of c-structure;in TIGER it is codeddirectly into the depen-
dency graph.TheTIGER formatgivesdependency structurepriority overphrasestructuralconstituency.
It makesuseof a generalizedtreegraphnotationwhich allows for crossingbranches.In bothschemes,
thesituationcanarisethata singlef-structure/dependency-structural constituentcorrespondsto a setof
non-adjacentterminal nodes,i.e., nodeswith someintervening word materialbelongingto a higher-
level f-structure/constituent. For example,in Hanshat demBericht geglaubt,daßMaria kommt`Hans
believed the report that Maria will come', the embeddedclauseis a complementof the non-adjacent
nominalBericht, cf. therepresentationsin Figure5. Thedependency whichyieldsthecrossingbranchin
theTIGER graphis encodedin theLFG f-structureasthecomplementclauseembeddedundera COMP
featureof thenominalpredicate.

Along with thesehigh-level similaritiestherearea numberof differencesin therepresentationcon-
ventionsof TIGER vs. theGermanLFG grammar. Onemaindifferenceis dueto thefactthatredundant

7Thediscussedfour readingsaredoubledby anadditionalambiguityof theverb. It alsoallows a (dispreferred)subjunctive
reading.
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" Hans hat dem Bericht geglaubt, daß Maria kommt. "

' glauben <[1:Hans] , [52:Bericht] >'PRED
' Hans'PRED1SUBJ

' Bericht <[163:kommen] >'PRED
' kommen<[186:Maria] >'PRED

' Maria 'PRED186SUBJ163
COMP

52

OBJ2

32

Figure5: Longdistancedependenciesin TIGER graphandLFG f-structurerepresentation

informationis not encodedin theTIGER format(which we will dealwith in Section3.6). For example,
phrasalcategoriesarealwaysgiven in LFG c-structure,independentof the complexity of the phrase,
whereasin TIGER only complex constituentsaredominatedby a phrasalnode(e.g. VP), comparethe
representationof the intransitive kommt`comes'vs. thetransitive (i.e. complex) geglaubt `believed' in
theTIGER graphin Figure5. Otherdiscrepanciesexist in therepresentationalconventionsfor particular
phenomena(dealtwith in Section3.5). For example,in the TIGER representation,the verbalphrase
demBericht geglaubt `believedthereport' (containingthefull verbparticiplegeglaubt) is embeddedas
a clausalobject(OC) undertheauxiliary hat. TheLFG grammardoesnot employ a nestinganalysison
thefunctionallevel. Thefull verbandtheauxiliaryoccurat thesamef-structurelevel.

In summary, differencesbetweenthe two representationschemesfall in two distinct categories:
formalism-inherentdifferencesanddifferencesin representationalconventionor linguisticanalysis.The
lattercouldin principlebeovercomewithin eitherof thetwo formal frameworks,e.g.,by usingtheLFG
formalismfor writing a new grammarthatusescategory symbolsaccordingto theexactspeci�cations
of theTIGER annotationscheme(althoughthis is certainlynotapracticaloption,sincethegrammarhas
its independentmotivationtheway it is).

3.2 Criteria for implementing the conversionprocedure

The observed systematicrelationbetweenthe sourceandthe target format of the requiredconversion
makesit realisticto implementa mechanicalroutinefor this conversion.At thesametime,subtletiesin
thedifferencesof thesecondkind (differencesin conventionor linguisticanalysis)haveto beapproached
with care.In particular, onehasto beawarethatneitherthesourcenor thetargetformatconventionsare
speci�edin all detail;they arenoteven�x edonceandfor all, but mayundergooccasionalchanges.(Pre-
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sumablythey cannotbe�x edin principleaslongasonekeepsapplyingthegrammarandtheannotation
schemeto new corpusmaterial.)

We put greatemphasison thecriterionof �e xibility in thespeci�cationof theconversionprocedure
in orderto beableto reactto modi�cationsin thesourceandtargetformatconventions.Thisexcludeda
monolithicimplementationof theconversionstep.Ratheradesignwith adeclarative speci�cationof the
convention-relatedconversion-stepswasvital. As mentionedabove,it is possibleto makeall conversions
but theonesconcerningformalism-inherentdifferenceswithin eitheroneof theformalisms.Thedecision
wemadewasto exploit thisfactandstaywithin theformalframework of LFG for mostof theconversion
procedure8 – until a �nal low-level conversioninto the notationalformat of the TIGER treebank(this
will be calledthe postprocessingbelow, seeFigure6). The greatadvantageof this move wasthat we
couldexploit existingsystemsfor modifyinggrammaticalanalyseswithin alinguisticformalism:transfer
systemsasusedin machinetranslation.Although the presentcontext of applicationis quite different,
the taskis very similar. In our casethesourceandtarget structuresdo not originatefrom grammarsof
differentlanguages,but from differentsystemsof representationfor syntacticdataof thesamelanguage.

In order to ensurea high-qualityconversion,our goal hasbeento rely on systematicdifferences,
whichcanbeconvertedmechanically, asmuchaspossible.Besidesthemoreor lessnotationalrewriting
stepthatwe performtowardstheendof theconversionthereareotherhighly systematicdifferencesbe-
tweentheformalisms,concerningtherelationbetweenfunctional/dependency structureandthesurface
string. Basically, LFG's c-structuralinformationhasto be folded into the f-structure(andreducedto a
subsetof relevantcategorial information).It turnedoutconvenientto performthisconversionright at the
beginning (aswhatwe call preprocessingbelow). Having separatedout thesetwo formalism-inherent
aspectsof theconversion,the remainingstepcanfocuson the morelinguistically involved conversion
aspectsaspartof thetransferproper.

Prologterm:c- andf-structure
�

preprocessing
�

Transfersourceformat
�

transfer
�

Transfertargetformat
�

postprocessing
�

TIGER columnformat

Figure6: Subproceduresof theconversionroutine

Theresultingmodulardesignshown in Figure6 hassomeobviousadvantages:Changesin thegram-
maror annotationscheme(unlessradical)shouldonly affect this`middle' step.Testingof theconversion

8Oneadvantageof this is that the XLE visualizationtools for LFG structurescan be usedeven at a stagein which the
representationhasalreadybeenconvertedquitea longway (cf. Figures8 and9 below).
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stepscanbeperformedseparately, andit becomesanoptionsimply to replacethepostprocessingstep,
for instance,if adifferenttargetformat(e.g.XML) is desired.

3.3 Preprocessing

Sincethe transferstepproperproceedsalong the f-structuresof the LFG representation,it hasto be
ensuredthat all the informationrequiredto constructthe TIGER target structuresis accessiblefrom f-
structure. This is the taskof the preprocessingstep. Note that informationaboutlinearizationof the
individual words– althoughnot encodedat the level of f-structure– canbeignoredin our context: the
word stringremainsidentical,thereforeit would beredundantto keeptrackof word orderinformation
during transfer. As long asuniquereferenceto the words is made,the linearizationof the string can
easilybeoverlaidover thetargetTIGER graph– crossingedgesresultautomatically.

Nevertheless,referenceto c-structurecategoriesis requiredin orderto constructthecorrectcategory
labelsin the target structure. Thusthe preprocessingstepimplementsa generalformat conversionof
the LFG structures,folding the c-structuralinformation into the f-structure. (Not all the c-structural
informationis required,but thetransfercaneasilyeliminateirrelevantinformation.)

TheLFG grammardevelopmentandparsingsystemXLE providesanexport formatfor thesyntactic
analyses:aPrologterm,containing�at listsof f-structureandc-structuredescriptions,cf. Figure7. The
preprocessingstepwasimplementedasa Prologprogramtaking this format asinput andproducinga
similar termwith an`enriched'f-structureasoutput.Following themodularphilosophyarguedfor in the
previoussection,thepreprocessingprogramperformsonly highly systematic,canonicalmodi�cations,
leaving phenomenon-speci�cdecisionsto thetransferstep.

What the programeffectively doesis traversethe c-structurefrom the root node,keepingtrack of
thec-structure/f-structure correspondence.This leadsto a setof partialsubtreesconsistingonly of con-
nectedco-projectingc-structurenodes.A featurerepresentationof suchsubtreesis thenaddedto the
respective f-structureunderaspecialfeatureTT_TREE. Somespecialcarehasto betakensinceasingle
f-structuremayhave severalcorrespondingconnectedsubtrees;furthermore,it hasto bemadesurethat
theconnectionto thewordsin thestringremainsrecoverable,usingaspecialfeatureTT_TERM-CAT.9

A detailof anenrichedf-structureis shown in Figure8 (here,not thePrologtermitself is shown, but
theXLE displayof it – themodi�ed exportformatcanbereadin anddisplayedagain).Notehow thesub-
treeprojectedby theadverbhier is mergedinto thefeaturestructureof thecorrespondingpredicate.The
pointerfeatureTT_PHI (somewhatredundantly)hasthefeaturestructureof hier asits value.Thiscon-
�guration allows to testfor featuresandvaluesevenin morecomplex structureswithoutmoving through
the recursive treestructure. The integratedc-structureinformationdoesnot only include information
aboutthesyntacticcategories(e.g.ADV[std] , AVDP[std] ) but alsosublexical informationlike part
of speechandlemma(e.g.+Adv+Common, hier ), andthepointerto thesurfacetoken(TT_SFF_ID ).

Thepreprocessingroutine,in addition,splitsparametrizedcategory symbolslike ADVP[std] into
functor-argumentlists. This is relevant for generalizationsover parametrizedfeaturessincethetransfer
systemdoesnotallow to useregularexpressionson labelnames.

3.4 The Transfer Grammar

Wemadeuseof thetransfersystemof theXEROX TranslationEnvironmentby Martin Kay (XTE) which
is partof theXLE developmentplatform. The transfercomponentis a rule rewriting systembasedon
Prolog.As mentionedin Section3.1,differencesin representationor linguisticanalysisleadto structural

9Thispartis in factnon-trivial sincethePARGRAM LFG grammardoesnotoperateonastringof fullform words,but onthe
outputof amorphologicalanalyzerwhichaddsbranchingto thec-structurethatwouldnotberecoverablein thetargetstructure,
givenjust theword string.
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Figure7: tiger_4548:Prologterm: c- andf-structure(details)

mismatchesthatarecomparableto transferambiguitiesin naturallanguagetranslation.It wasreasonable,
therefore,to developthemappingin anactualtransferenvironment.Usingatestedandintegratedsystem
hadtheadditionaladvantagethatneithera speci�cationlanguagenor theprocessingroutineshadto be
developed.Themainfocuslay on theinterfaceroutinesandthespeci�cationof themapping.

The preprocessedLFG parse,cf. Figure8, functionsas transfersourceformat. It is a �at list of
predicate-valuepairsin which, for example,theLFG functionSUBJ(ect)is representedasa two-place
predicatethat takes two f-structureindicesas arguments:subj(X,Y) 10. The predicate-value list is
transformedstepby stepinto theTIGER target format. TheTransferrewriting rulesapplyin anordered
way to thegraduallychangingsetof predicates,which meansthattheoutputof a givenrule is theinput
of thesubsequentlyfollowing rule. Thearchitectureof thegrammar�le thereforemirrors theorderof

10Subj(X,Y) readsas`thepredicateof f-structureY is thesubjectof thepredicateof f-structureX'. As commonin Prolog,
constantsbegin with lower case,variablesbegin with uppercaseor anunderscore.
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Figure8: tiger_4548:Detail of theenrichedf-structure(Transfertargetformat)

potentialruleapplication.

Rules Input predicatesareon the left-handsideof a rule; outputpredicatesareon its right-handside.
Input andoutputpredicatesareseparatedby a rewriting symbol, the operator̀ ==>'. The mostbasic
rulessimply rewrite thenameof thepredicateandpasson thevaluesof theargumentsunchanged.For
example, the LFG function SUBJ is mappedto the TIGER function SB, the function OBLAGT (the
optionalagentin a passive clause)to SBP, respectively. Theargumentslotsarenotmanipulated,i.e. the
dependency structureis passedonunaltered.

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

A predicateon theinput sideof a rule is deletedfrom theinput setof predicates,anda predicateon
theoutputsideof a rule is addedto theoutputsetof predicates.Rulesmaybecontextually restrictedby
positiveandnegative tests.Theoperator̀ +' precedingapredicateindicatesthatthepredicateis required
in the input setfor the rule to applyalthoughthe rule doesnot affect thepredicateitself. A preceding
` � ' triggersa negative test: the rule is appliedonly if thepredicateis absent.For example,in (5), the
LFG function XCOMPis mappedto the TIGER function PD (predicative) only if thereis a coindexed
predicateXCOMP-TYPE(X,'c opula ') . Otherwise,XCOMPis 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 zeroon theright-handsideencodestheemptyset,seee.g.(6). In this case,all predicateson the
left-handsideof therulearedeletedfrom thesetof predicateswithout replacement.11

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

11Theunderscoreis thecommonsymbolfor theanonymousvariablein Prolog.
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Macrosand Templates Thesystemallowsfor thede�nition of macrosandtemplates—short-handno-
tationsof setsof predicatesandtransferrules,respectively. They donotonly facilitateruledevelopment
but also the adaptationto changesin either the sourceor target format. A format change,then,only
requiresto adaptagivenmacroor templatebut notall occurrencesof it in thegrammar.

ThemacroTT_VERB_MORPHin (7), for example,is anabbreviation of thepredicatesencodingthe
informationrelevant for the mappingof verbalmorphologytags. The predicatesincludeTENSEand
MOOD, which areembeddedin theverbalTNS-ASPfeature;andthecorrespondingpersonandnumber
informationwhichLFG encodesasPERSandNUMembeddedin thesubjectfeature(SB).

(7) 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-handformsof predicates,templatesareshort-handformsof rules. In (8),
the templateLABEL2HEADexpandsto a rule that mapsa c-structurelabel, FCTR, to a TIGER head
relation,HEAD. Therule passeson theform andindex of thesurfacetoken. In addition,it introducesa
part-of-speechtag.Theinputpredicatessharetheir�rst argument,i.e.,they areall connectedto aspeci�c
featurestructurein theinput representation.TT-PHI is apointerthatrelatesc-structuralinformationto
thecorrespondingf-structureindex. It allows oneto link thetargetpredicatesdirectly to thedependency
structure.

(8) label2head(Fctr,Arg1,Head,Pos) ::

cat_label(V,Fctr,Arg1), % macro for category label
tt_phi(V,V0), % pointer to f-structure
sff_in(V,Id,Form) % macro for linking of sur-

% face form and surface id
==>
ti_terminal(V0,Head,Pos,Id,Form). % macro for TIGER heads

Theactualtransferrulesinstantiatetemplatesin thatall argumentslotsare�lled with constants,see
(9)12. Templatescanalsoencodea sequenceof rules. In this case,thegrammarcompilerexpandsthe
instantiatedruleaccordingly.

(9) label2head('ADV','std',hd,'ADV'). % standard adverbs

fctr2head('ADV',hd,'PWAV'). % interrogative and
% relative adverbs

label2head('PAdv','std',hd,'PROAV'). % pronominal adverbs

fctr2head('PAdv',hd,'PWAV'). % interrogative and
% relative pronominal
% adverbs

12LABEL2HEADandFCTR2HEADdiffer only with respectto thecategory label. FCTR2HEADgeneralizesover thevalue
of Arg1 . LABEL2HEADcanexpressFCTR2HEADif its secondargumentis instantiatedwith theanonymousvariable.In this
caseany valueof Arg1 matchestheinput requirements.Sinceit turnedout to belessef�ciently processed,thegrammarrules
make nouseof this encodingoption.



LFG02– Zinsmeisteretal.: TIGERTransfer

Structure of the Grammar Thetransfercomponentappliestherulesin theorderof speci�cation,i.e.
thetransfergrammarmirrorsthemappingprocess.Eachcompiledruleis calledonly oncein themapping
processand is thenappliedto all predicatesthat matchthe rule input requirements.The grammaris
organizedin sevenmainparts:

(i) Redundantpredicatesaredeleted.E.g. thesubjectfeatureof adjectivesin LFG hasnocorrespon-
dencein theTIGER format13. It is thereforedeletedandwill not interferewith themappingprocess.

(ii) For moreef�cient processing,all set-valuedfeaturesarerewritten asrelationalpredicates.The
rule in (10) introducesX_ADJUNCTwhich is a temporarypredicatein thesensethatit is neitherpresent
in the transferinput nor in the transferoutput. It is both, introducedandsubsequentlydeletedin the
processof transfer.14

(10) +adjunct(V,V1), in_set(V2,V1) % set-valued
==> x_adjunct(V,V2). % relational

adjunct(_,_) ==> 0. % deletion

(iii) Grammaticalfunctionsthatareencodedin theLFG f-structurearemappedto targetpredicates.
In many casesthepredicatenamesarejust rewrittenandthefunctionalstructureis passedonunchanged,
e.g.subj(V,V1) ==> sb(V,V1).

(iv) Syntacticcategoriesand syntacticheadsaremappedin combinationwith part-of-speechand
morphologytags.Morespeci�c rulestherebyprecedemoregeneralrules. If not all functionalstructure
is partof theinput, themappinginsertsstructure,seeSection3.5for amoredetaileddiscussionof this.

(v) A repairsectionfollows after the mappingproper. It includesrulesthat maptemporarypredi-
cateson targetpredicates.For instance,thetemporaryheadof �nite auxiliariesHD_AUXis mappedon
the (moregeneral)target headfunction HD. The sectionalso includesrulesthat `repair' target format
notation. For example,the TIGER format distinguishesbetweenprepositionalmodi�ers of nounsand
othernounmodi�ers. Theformerarelabelled`modi�er of thenounto theright' (MNR) whereastherest
is uniformly labelled`nounkernelelement'(NK). It is muchsimplerto mapall nounmodi�ers alike and
only to checkfor thespeci�c caseat theendof themappingprocess,cf. (11).

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

The mappingrulesare followed by two further rule sections. (vi) Robustnessrulescheckfor all
functionallabelsandterminalswhetherthey areintegratedin thedependency structure– which is anec-
essaryprerequisitefor thecanonicalpostprocessingconvertionto theTIGER columnformat.If necessary
a fragmentrelationis inserted.(vii) Finally, all non-targetpredicatesaredeleted.

3.5 Transfer Phenomena

In contrastto naturallanguagetransfer, TIGER Transferleavesthesurfacestringunchanged.Thetaskis
to mapa limited setof grammaticalfeaturesinto anotherlimited setof grammaticalfeatures.Although
thereare many trivial cases,the format conversion is more complex than a simple mappingof two
featuresets.Due to differencesin representationchosenfor particularlinguistic phenomena,thereare
mismatchesthat arecomparableto `transferambiguities'in naturallanguagetranslation(for the latter
seee.g.Kameyamaet al. 1991,Emeleetal. 2000).

13In thecaseof attributiveadjectives,for instance,thesubjectpointsto themodi�ed headnoun.
14DougArnolds(p.c.) madeusawareof thedrawbackstemporarypredicatesmighthave if they areusedin a largegrammar.
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Ambiguous Predicates A simpleexamplewasintroducedin Section3.4, the mappingof XCOMPto
PDor OC, dependingon thevalueof thefeatureXCOMP. A morecomplex caseis thetranslationof the
predicateADJUNCT. It is avery generalfunctionin theGermanLFG andcorrespondsto threedifferent
TIGER functions,i.e., it is three-foldambiguous.The conditionsfor resolvingthe ambiguityarenot
encodedin a speci�c feature,but have to be found independently. In (12), ADJUNCTis mappedto
thefunction`genitive attribute' (AG) if theembeddingpredicateis a noun(markedby NTYPE) andthe
embeddedpredicatehasa casefeaturewith the valuegen (itive) – unlessit is an attributive adjective
(ATYPE attributive ). OtherADJUNCTswithin nounsaremappedto `nounkernelelement'(NK).
Thedefault mappingof ADJUNCTis to thefunction`modi�er' (MO).15

(12) +ntype(V,_), +case(V1,'gen'), % required context
-atype(V1,'attributive'), % negative condition
x_adjunct(V,V1),
==>
ag(V,V1). % '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'

Someambiguitiescannotberesolvedby thetransfercomponent.For example,TIGER distinguishes
two potential functionsof prepositionalphrasesin predicative constructions,see(13). PPs with an
abstractmeaning,i.e. idiomatic chunks,areanalyzedaspredicatives (PD), all otherPPsasmodi�ers
(MO). Transferprovidesonly thefunctionMOhere.Theadaptationto thespeci�c TIGER edgelabelhas
to bedonemanuallyaftertransfer, e.g.with the(semi-automatic)ANNOTATE tool.

(13) a. PPfunctionsaspredicative:
Sieist aufderHut (`Sheis onherguard')

b. PPfunctionsasmodi�er:
Sieist im Garten(`Sieis in thegarden')

Structural Changes Thereare`headswitch' transformationsin naturallanguagetranslationin which
theheadof thesourcestructurebecomesadependentelementin thetargetstructureanda formerdepen-
dentelementbecomestheheadof theconstituent.In Example(14), like is thematrix predicatewhich
subcategorizesthe in�niti ve come. In the correspondingGermanexamplein (15), kommeis the main
predicatewhich correspondsin meaningto theEnglishembeddedin�niti ve, come. Themeaningof like
is expressedby theadverbgern `gladly' thatmodi�es komme.

(14) I like to come

(15) Ich komme gerne
I come gladly

In themappingof LFG to TIGER representations,thereareconstellationsthatresembleheadswitch.
Figure5 in Section3.1shows how thetwo systemsrepresenttheconcept̀ headof a clause'differently.
In theGermanLFG, on theonehand,themainverb is alwaysthemainpredicateof theclause.Since

15ADJUNCTis mappedto thetemporarypredicateX_ADJUNCT, cf. Section3.4
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temporal(or passive)auxiliariesdonothave lexical meaningontheirown, they co-projectwith themain
verbon f-structure. In TIGER, on theotherhand,the �nite verb is analyzedastheheadof theclause,
independentof whetherthe verb is a main verb or an auxiliary. Accordingly, in analytic tenses,like
perfect,the �nite auxiliary is the clausalheadand the main verb becomesthe headof an embedded
function OC(`clausalobject'). The mappinghasto reorganizethe verbalheadsand insertadditional
structure.Therestructuringis guidedby c-structuralinformation.

Thenaturallanguagemappingof Example(14) to Example(15)doesnotonly affect thehierarchical
structurebut alsothedistribution of thearguments:Thesubjectof thepredicatelike in Englishbecomes
thesubjectof thepredicatekommein German.A moreexplicit caseof argumentrearrangementis given
in themappingof Example(16) to Example(17). TheGermanverbkennenlernenis translatedcompo-
sitionally into theexpressionget to knowin English.Themappingsplitstheargumentsof kennenlernen
andrelatesthesubject(sie/they) to thestructurallyhigherverbgetandtheobject(sich/each other) to the
structurallyembeddedverbknow.

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

(17) (He thinks)thatthey got to know eachother

Sometimes,argumentshave to berearrangedin grammarmapping,aswell. If you go backto Fig-
ure5, again,you seethat theGermanLFG treatsall argumentsthesame:both thesubject(SUBJ)and
theindirectobject(OBJ2)belongto themainpredicateon f-structure.TIGER, in contrast,distinguishes
betweensubjectsandall otherarguments.Only thesubjectis alwaysdependentof the�nite head.The
otherargumentsaredependenton themainpredicate;if themainpredicateis embedded,thearguments
areembeddedaswell, cf. themainpredicategeglaubtandtheindirectobject(DA). Argumentrearrange-
mentis encodedin therepairsectionof thetransfergrammar.

3.6 PostprocessingSteps

After therenamingandrestructuringproceduresillustratedin theprecedingsections,furthersmallmod-
i�cations completethemappingLFG – TIGER.

Mor phology Tags CurrentlytheTIGER treebankformatsupportsonly oneslot for morphologytags.
In LFG, the morphologicalfeaturesaredistributed on differentpredicates,e.g.gend(V,'Masc') ,
case(V,'Nom') . They arecollectedduringthetransferprocess.A Perlscriptsubsequentlyjoins all
morphologicalfeaturesbelongingto onetoken into onestring. The morphologymappingcould have
beenintegratedin thetransfergrammar, aswell. But it would have sloweddown thetransferprocedure
considerably.16

T I GER Column Format Theoutputof thetransferproperis aProlog�le. A canonicalpostprocessing
step(implementedin Prolog)convertsthe Prolog�le, cf. Figure9, into the TIGER columnformat,cf.
Figure10.

TokenizerModi�cations Furthermore,certainstringmanipulationsof thetokenizerusedin LFG pars-
ing haveto beundone.Thesestringmanipulationsinvolvecertainpunctuationmarks(commassurround-
ing embeddedclauses),upperandlower case(sentence-initial),hyphenatedcompounds,andquotation
marks.HyphenatedcompoundssuchasCDU-Fraueǹ CDUwomen'aresplit into two tokensby theLFG

16Becausethesystemdoesnotallow for variablesrangingover predicates.
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TI-FORM herrscht , TI-MORPH 3.Sg.Pres.Ind , TI-POS  VVFIN, TI-SFF-ID  117HD-OUT

TI-FORM hier , TI-POS  ADV, TI-SFF-ID  60HD-OUT
AVPTI-CAT

MO-OUT

TI-FORM . , TI-POS  Dollar. , TI-SFF-ID  195PU-OUT

TI-FORM Demokratie , TI-MORPH Fem.Nom.Sg.* , TI-POS  NN, TI-SFF-ID  169NK-HD-OUT
NPTI-CAT

SB-OUT

SENTENCE-ID tiger_4548 , TI-CAT  S-1

Figure9: Transfertarget formatof tiger_4548

#FORMAT3
#BOS 4548 102 947689949 1%%LFG 4548
hier ADV - HD 502
herrscht VVFIN 3.Sg.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

Figure10: TIGER columnformatof tiger_4548

tokenizer, andanalyzedaccordinglyby boththeLFG morphologycomponentandthetransferalgorithm.
In contrast,theTIGER annotationschemetreatshyphenatedcompoundsasonetoken,thereforerequiring
adjustmentsafter transfer. Concerningpunctuation,the tokenizerproblemsaremoredif�cult to solve.
Typically, commassurroundembeddedclauses,but thesecondcommais omittedif theembeddedclause
immediatelyprecedesthesentence�nal punctuation.However, in orderto avoid differentrule versions
of embeddedclauses(with andwithoutsecondcomma),theLFG tokenizerprovidesfor additionalcom-
masin front of thesentence�nal punctuationmark. Theseadditionalcommashave to bedeletedafter
transfer. Quotationmarksin Germanmayenclosephrasesandchunksaswell asarbitrarysequencesof
words(non-constituents). They canevencrosssentenceboundaries.Hencestatinga rule thatdealswith
at leastthemostcommontypesof quotationis nearlyimpossible.ThereforetheLFG tokenizerdeletes
quotationmarksandthepostprocessingprocedurehasto recover them.All thosemodi�cationsaredealt
with mainly by a string comparisondonedirectly after transfer. It comparestransferoutputstringsto
theoriginal input sentencesbeforeLFG parsing.In caseof faulty output,missingelementsareinserted
or super�uousonesdeletedasappropriate.The repairedstructuresarethenchecked and,if necessary,
completedby thehumanannotatorusingthesemi-automaticANNOTATE tool.

Redundant Inf ormation As alreadymentionedin Section3.1, certainnon-branchingcategory pro-
jectionsarenot representedin the TIGER format. This pointsto anotherspeci�c featureof the TIGER

annotationformat,namelythetendency to avoid redundancy. To illustratethis feature,seethegraphsof
theexampletiger_4548shown in two differentversionsin Figure11. The�rst treeis thecurrentoutput
versionof TIGER Transferaspresentedsofar. ThesecondtreeshowstheactualTIGER version:all nodes
dominatingjust onedaughternodehave beenomitted.This is motivatedby thefactthatthemissingin-
formationis redundantin the sensethat it canbe insertedautomatically. Furthermore,the annotation
taskbecomeseasierif thestructureis lesscomplex andlessnodeshave to becheckedandcorrectedby
thehumanannotator. Finally, sincethestructureis �atter, biggerpartsof a treecanbedisplayedon the
screen.In TIGER Transfertherespective projectionsaredeletedin thecourseof thepostprocessing.
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Figure11: TIGER graphwith andwithoutnon-branchingnodes

4 Results

The GermanLFG Grammaranalyzeson average50.1%of thesentences,roughly70% thereofareas-
signeda correctparse17. Thesentencesthatareparsedcontain16.0wordson averageandtheaverage
parsingtimeis 8.29sec/sentence.WithoutusingtheOT �lter mechanismasentencegets35,577analyses
on average(median:20). After OT �ltering, theaveragenumberof analysesdropsto 16.5(median:2),
cf. Dipper(2000).About2,000sentencesof theTIGER corpushave beenannotatedby LFG parsing.

Althoughtherearelimits to thecorpuscoverage,theapplicationof thegrammarin annotationseems
useful,in particularwhencombinedwith anotherannotationmethod.High quality treebankingrequires
at leasttwo annotationpassesfor eachsentence,anda comparisonstep.If oneof thepassesis classical
manualannotationandtheotherpassis basedonafull-depthgrammar, thestrengthof thetwo techniques
arecombined,leadingto amoreconsistentoverall result.

5 Outlook

In thelastsection,we will discusspotentialextensionsto theLFG-basedannotation:(i) partialanalyses
(`fragments'); (ii) morphologyand lemmaannotation;(iii) consistency checks. All threeapplication
taskswouldbene�t from acoverageextensionof thegrammar, anoutlineof whichwewill discussat the
veryendof thispaper.

Partial analyses For theannotationof new sentencesa featureof the XLE systemcanbe exploited,
the`Fragmentmechanism'.This mechanismallows for every sentenceto getat leasta partialanalysis.
HencetheLFG-basedannotationis no longerrestrictedto 35%of thecorpus.

The fragmentmechanismworks as follows. A sentenceis �rst parsedasusually; only if it does
not getananalysis,XLE reparsesthesentence.In this secondparseXLE only triesto constructcertain
constituents,speci�ed in advanceby thegrammarwriter, e.g.NP[std] , PP[std] (ordinaryNPsand
PPs).Typically thoseconstituentsaremaximalprojectionsasde�ned in thegrammar. Hencethey are
not chunksbut may be complex andeven recursive; an adjacentrelative clause,e.g., is alwayspart of
the respective NP-fragment. Other constituentsthat aresuitedfor fragmentsaresubordinateclauses
(adverbialandsubcategorized),sincetheir left andright boundariesaremarkedclearly.

First experimentswith fragmentswerevery promising. For instance,nounchunkswereanalyzed
with a precisionof 89%anda recallof 67%;prepositionalchunkswerefoundwith a precisionof 96%

1710% of the sentencesfailed becauseof gapsin the morphologicalanalyzer;6% failed becauseof storageover�ow or
timeouts(with limits setto 100MB storageand100secondsparsingtime). 10%of theparsedsentenceswerenot evaluated
wrt. thecorrectanalysisbecausethey receivedmorethan30analysisafterOT-�ltering.
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(ignoringPP-attachmentfor theevaluation)anda recallof 79%,cf. Schrader(2001).
Thepartialanalysesyieldedby thefragmentmechanismwouldhave to bemappedinto partialanal-

ysesin the TIGER formatandsubsequentlycompletedby humanannotatorssupportedby the tool AN-
NOTATE. In thisscenario,TIGER Transferhasto bemodi�ed to dealwith partialinputandoutput.

Annotation of morphology It is plannedin theTIGER projectto addanannotationof morphologyand
lemmainformationto thesentencesannotatedsyntacticallysofar; new sentenceswill beannotatedwith
all informationtypes. For this tasktheLFG grammarcanbeexploitedeasily. EachLFG analysisof a
sentenceautomaticallycontainsmorphologyandlemmainformation.Thetransferalreadyprovidesfor
amappingof therespective tags.
Thereis is even a straightforward way to supply additionalmorphologyand lemmainformation for
sentencesalreadyannotatedwith syntacticstructure,without having to disambiguatethe parsesagain
manually. Partsof theannotationof a sentence(e.g.predicate-argumentstructure,adjunctattachment)
are transformedinto Prolog terms. The sentenceis parsedasusualandall analysesarestoredin the
Prolog export format. A test routine then picks out the analysiscorrespondingto the Prolog terms
derived from theannotation.Thusthealreadyexisting annotationreplacesthemanualdisambiguation
step. Now the morphologyandlemmainformationof the selectedanalysisis convertedto the TIGER

format.This way, largepartsof thealreadyannotatedcorpuscanbeautomaticallyenrichedby theLFG
grammarwith new information.

Consistencychecks The methodsketchedin the precedingparagraphcan also be usedto perform
consistency checks.Especiallyin thedomainof part-of-speechtags,humanannotatorseasilyoverlook
errors. However, for a high quality corpussuchas the TIGER treebank,correctpart-of-speechtags
are as importantas correctstructures. Likewise for applicationsuchas TIGERSearch(a query tool
for the TIGER corpus),it is often necessaryto rely on part-of-speechinformation,e.g.when looking
for postnominaladverbsasin Hansselbst`Hanshimself'. The �at annotationstyleappliedin TIGER

makesthis point evenmoreimportant. In TIGER thereis no structuralproperty(node,label) in anNP
differentiatingbetween,e.g.adeterminer, anattributiveadjective,andtheheadnoun.Theonly difference
is their part-of-speechtagsART, ADJA, NN/NE, respectively.

As sketchedabove, informationsuchaspredicate-argument-structure of theexisting annotationwill
bemappedto Prologtermsthusabstractingfrom part-of-speechtags.Thesentenceis parsedanddisam-
biguatedautomatically, andthe transfergeneratesthe TIGER representationformat. This way, part-of-
speechtagerrorswill bedetectedautomatically.

Coverageextension Furthermoretheannotatedcorpuscouldbeexploitedfor extendingthecoverage
of the grammar– this would of courseimprove the resultsof the mentionedtasksperformedwith the
grammar. With theseapplicationsin mind,it wouldbejusti�ed toaimparticularlyatsystematicextension
of coveragewith respectto thegivencorpus.

Therearetwo waysin which it is realisticto expecta possiblecoverageextension,now thatthean-
notatedTIGER corpusis available.The�rst strategy relieson`classical'grammarwriting, i.e., involving
a linguist who identi�es missingrule partsor lexicon entries.Whenthis techniqueis applied,trying to
extenda grammarthatalreadyhasa relatively broadcoverage,a predominantproblemis thedetection
of unintendedinteractions.How canoneexcludethata rule modi�cation requiredfor a givensentence
causethegrammarto breakdown onanumberof othersentences?Only if asuf�cient amountof realistic
sentencesis usedfor acomparative testcanmodi�cationsbeacceptedwith reasonablecon�dence.

Here,thetreebankcanbeusedasa testsuitein regressiontesting.While any collectionof sentences
canbe usedto comparethe grammarbehavior beforeandafter a modi�cation, only the annotationof
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thecorrectanalysiswill guaranteethedesiredgrammarbehavior. (In veryshort,unambiguoussentences
this is lessof aproblem,but whenrealisticsentenceschangefrom eightyto sixty readings,inspectionof
thesolutionswould berequiredto make surethat the twenty readingslost areirrelevant.) Technically,
theTIGER-derivedtestsuiteusedin grammardevelopmentwill bea list of stringsannotatedwith target
structuresin a similar way as proposedin Kuhn (1998) (we usea slightly different schemenow, in
which XLE' s export representationis comparedwith the storedtarget representation).In essence,the
annotationstructureswill specifypredicate-argumentstructureandmodi�er attachment(asmentioned
above),but leave furtherdetailsopento thegrammar.

Let usnow turn to thesecondstrategy wewould like to experimentwith for extendingcoveragewith
respectto theTIGER corpus.Thebasicideaturnson thefact thata high-qualitysymbolicgrammarhas
to be highly restrictedwhenit is appliedto unseentext, in orderto avoid that overgenerationleadsto
a proliferationof readingsper sentence.For instance,the subcategorizationframeslisted in the verb
lexicon arekeptvery restricted,althoughparsingfailuresareoftendueto missingframesfor a known
verb. But thealternativeof relaxingsuchrestrictionwouldrequiresomeexternalcontrolof theadditional
readingsthatwouldarise.

With thetargetannotationpresentin theTIGER corpus,thisexternalcontrolis actuallyin place.So,
whenthe grammaris usedto reparsethe corpus,it makessenseto relax someof the strict conditions
encodedin the lexicon andrules. The largersetof readingsarisingfor eachsentencewill becut down
immediatelyby allowing only parsesthatmeettheannotatedpredicate-argumentstructure(againusing
thetestsuite). Thus,not only sentencesthatarecoveredby the`classical'grammarscouldbereparsed
successfully, but hopefullyalsosomesigni�cant proportionof previouslyuncoveredsentences.

Ultimately, one could run training experimentswith the statisticalmodelof Riezleret al. (2000)
over the relaxed grammar. The TIGER corpuswould serve as`completedata', i.e. supervisedtraining
material,so the relaxed grammarcould thenalsobe appliedon unseensentenceswith externalcontrol
over thereadings(in this casetheexternalcontrol is exertedby thestatisticalmodel). Evaluatingsuch
anexperimentcanbeexpectedto behighly revealingabouttheinformationsourcesrequiredfor a large-
scaleuni�cation grammar.
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