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This paperdiscussestheuseof XSLT stylesheetsasa filtering mecha-
nismfor refiningtheresultsof userqueriesontreebanks.Thediscussion
is within thecontext of theTIGER treebank,theassociatedsearchen-
gineandquerylanguage,but thegeneralideascanapply to any search
enginefor XML-encodedtreebanks.It will be shown that important
classesof linguistic phenomenacanbeaccessedby applyingrelatively
simpleXSLT templatesto theoutputof a query, effectively simulating
theuniversalquantifierfor asubsetof thequerylanguage.

1 Intr oduction

In theTIGER treebank(Brantset al., 2002),syntacticstructureis encodedvia

restricteddirectedacyclic graphs,henceforthsyntaxgraphs.Thesearetree-like

structureswith potentially crossingbranchesand labellededges.The corpus

is available in XML format. The searchengineTIGERSearch(König et al.,

2003)wasdevelopedto enablelinguistswith no previousexperiencein theuse

of eitherquery languagesor XML-encodedcorporato work with the corpus.

In TIGERSearch,theencodedstructuresarepresentedto theuserin a graphic

representationfamiliar to thisparticularconstituency. A speciallydesignedlan-

guage(König andLezius,2003)allows the userto query the treebankusing

conceptsalreadyfamiliar to linguists:immediatedominance,linearprecedence

andderived relations.The formulationof a query involvesdescribingdesired

structuralcharacteristics.Theresultof a queryis thesetof all structuresin the

corpuswhich have thosecharacteristics.
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PPOSAT
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NN

bietet
VVFIN

sie
PPER

einen
ART

24−Stunden−Service
NN

für
APPR

Laborarbeiten
NN

NK NK
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DA HD SB OA

S

Figure1: ThreePlaceVerb

2 Structural Search

This sectionwill demonstratetheimportanceof auniversalquantifierin a tree-

bank query language.A brief overview of one of the main mechanismsfor

searchingfor syntacticstructureusing the TIGER languagewill be provided

in 2.1. Oneimportantareaof syntaxwhich could be moreeasily investigated

via auniversalquantifierwill begivenin 2.2and2.3.

2.1 Immediate Dominance

This sectionwill provide a brief overview on searchingsyntacticstructuresin-

volving immediatedominance.

(1) Ihren
her

Kunden
customers

bietet
offers

sie
she

einen
a

24-Stunden-Service
24-hourservice

für
for

Laborarbeiten
labwork

‘Sheoffershercustomersa24-hour-servicefor labwork.’

The sentencein example(1) hasthe graphicalrepresentationin figure 1.

A usercouldbe interestedin variousstructuralcharacteristicsof thesentence.
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Severalsimplequerieswhichmatchstructuresin thesentencearegivenin (2).

(2) a. [cat="S"] >SB [pos="PPER"]

b. [cat="NP"] >MNR [cat="PP"]

c. [cat=("S"|"VP")] >DA []

The query (2-a) matchesall sentencesin which the subjectis a personal

pronoun.This is accomplishedby describingtwo nodesanda relationbetween

them.Theexpression[cat="S"] describesanodewith thevalueS (sentence)

for the featurecat (category). The expression[pos="PPER"] describesa

nodewith thevalue"PPER" (pronoun,personal)for the featurepos (partof

speech).The operator> definesa relationof immediatedominancein which

the nodedescribedto the left dominatesthe nodedescribedto the right. This

relationis labelledSB (subject).Thelabelindicatesthefunctionwhichthechild

nodehaswithin theconstituentformedby theparentnode.

Similarly, thequery(2-b)matchesall structuresin whichanounphrasehas

a prepositionalattribute, that is, in which a nodewith the value"NP" (noun

phrase)for thefeaturecat immediatelydominatesanodewith thevalue"PP"

(prepositionalphrase)for the featurecat andthe relationof immediatedom-

inancebetweenthemis labelledMNR (“modifier nominalright”: modifier of a

noun,to theright).

The final query (2-c) matchesany structurein which a nodewith either

the value"S" or "VP" (verb phrase)for the featurecat dominatesa node

whichis notfurtherspecified,andtherelationof immediatedominancebetween

themis labelledDA (dative), indicatingthatthechild nodefunctionsasadative

argumentwithin theconstituentformedby theparent.
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Den
ART

Herren
NN

Rao

NE

und
KON

Singh
NE

gebührt
VVFIN

ein
ART

Platz
NN

in
APPR

der
ART

Geschichte
NN

CJ CD CJ

CNP

AC NK NK

PP

NK NK NK

NP

NK NK MNR

NP

DA HD SB

S

Figure2: Two PlaceDative Verb

2.2 Ar gumentStructure and Agentivity

Thissectionwill discusstheargumentstructureof two classesof Germanverbs

with regard to agentivity, preparingthe argumentmadein section2.3 that a

universalquantifieris animportantpartof a treebankquerylanguage.

(3) Den
the

Herren
Messrs

Rao
Rao

und
and

Singh
Singh

geb̈uhrt
deserve

ein
a

Platz
place

in
in

der
the

Geschichte
history

‘MessrsRaoandSinghdeserveaplacein history.’

Let usnow take a look at anothersentence,given in (3) with thegraphical

representationin figure2, whichbearscertainsimilaritiesto thesentencein (1).

Both sentencescontainanargumentin dative,which canbeaccessedby query

(2-c). They alsoexhibit importantdifferenceswith regardto argumentstructure,

whichwill beexploredherewith referenceto ideaspresentedin Primus(1999)

andEisenberg (2004),in which argumentsareseenashaving varyingdegrees

of agentivity andpatientivity. Agentiveandpatientivepropertiesof anargument

aredeterminedcompositionallyusinga setof thematicrolespresentedherein

orderof decliningagentivity: control, cause, move, exper, possess.
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Example(1) hastheprototypicalstructureof a sentencewith a three-place

verbfrom thesemanticfield of giving andtaking.Theargumentwith thehigh-

estdegreeof agentivity is encodedin nominative. It is a prototypicalagentive

subject,excercisingcontrol,causingmovement.Theargumentencodedin ac-

cusative is a prototypicalpatient.The argumentencodedin dative hasa low

degreeof agentivity, hereexibiting a potentialfor possession.This weakagent

is aprototypicalrecipient.

Example(3) on the other handhasa ratherdifferent argumentstructure.

Thereis no argumentwith strongagentive properties,excercisingcontrol, or

beingacause.Theargumentwith thehighestdegreeof agentivity is apossessor.

This weakagentor recipientis again encodedin dative.Theargumentwith no

agentive properties,thepatient,is encodedin nominative, avoiding a sentence

with nosubject.Interestingclassesof Germanverbshave this typeof argument

structure,with apatientivesubjectandanargumentin dativeexhibiting adegree

of agentivity compatiblewith therecipientrole,oneimportantgroupbeingthe

psychologicalverbs,which have the slightly moreagentive exper encodedin

dative.

2.3 The Needfor the Universal Quantifier

While the queryin (2-c) is sufficient for a userwho simply wishesto find ar-

gumentswhich aredative recipientsas it will accessboth (1) and(3), a user

who wishesto capturethe differencesbetweenthe argumentstructuresof the

two sentenceswill needto furtherrefinethequery. To searchfor sentenceswith

three-placeverbssuchasin (1) is simple.

(4) #p:[cat=("S"|"VP")] >DA [] &
#p >OA []
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The queryin (4) usesa variable#p to extendthequery(2-c). It specifiesthat

thereis anode#p which immediatelydominatesonenodewhich hasthefunc-

tion DA aswell asanotherwhich hasthefunctionOA (object,accusative).

(5) #p:[cat=("S"|"VP")] >DA [] &
#p !>OA #c

It is thenpossibleto specifythepresenceof anargumentin acccusative. In

thecurrentimplementationof theTIGER languageit is, however, not possible

to specifythe absenceof one.Simply negating this relationof dominance,as

in (5), resultsin a querystatingthat in additionto thedative dominatedby #p,

thereis alsoanode#c, andthatthespecifiedrelationshipof labelledimmediate

dominancedoesnot hold between#p and#c. The node#p may dominate

the node#c, in which casethe edgelabel must not be OA, or #p may not

dominate#c atall. It canbeany nodein thetreefor whichthespecifiedlabelled

dominancerelationbetween#p and#c doesnot hold.

One option for accessingsuch structuresmight be to searchusing pre-

definedclassesof verbswhich can have the specifiedargumentstructure.In

TIGERSearchit is in principlepossibleto definea setof lexemesin a template

(König et al., 2003) and then usethat templatein a search.But this method

wouldbeindirectatbest,not takingthepotentialfor multivalency into account.

It also presupposesthat the useralreadyhasa list of all verbsin the corpus

which canhave therelevantargumentstructure,whereastheusermaywell be

interestedin findingverbswhichcanhavethatstructure.Besides,thereareother

importanttypesof structureswhich canonly bespecifiedby statingthata con-

stituentof a particulartypehasno childrenwith particularcharacteristics.Ex-

ampleswould besentenceswith no subject,including the impersonalpassive,

and noun phraseswhich are lacking a determiner, or have no attributesof a

specifictype,etc.Thereis clearly a needfor a generalmechanismwhich can

accomplishthis.
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(6) exists #p: forall #c: ((#p > #c) =>

(#p !>OA #c))

Themostcomfortableoptionfor theuserwould bea possibleextensionof

theTIGER languagewhich is discussedin König et al. (2003),theadditionof

theuniversalquantifier, exemplifiedherein (6). This queryspecifiesthat there

existsa node#p suchthat for all nodes#c which areimmediatelydominated

by #p, the dominancerelationis not labelledOA. The computationalexpense

incurredby theuniversalquantifieris notedasthe reasonwhy it hasnot (yet)

beenincludedin the language.It is indeedclearthat efficiently implementing

a full universalquantifierasa partof the languagewould bedifficult andtime

consuming.Anotheroption,discussedin section3, wouldbeto filter theresults

of userqueriessuchthattheundesiredstructuresareremoved.

3 Simulating the Universal Quantifier with XSLT Stylesheets

Thissectionwill discusstheuseof XSLT stylesheetsto filter theresultsof user

queriesas a meansof finding structureswhich would otherwiserequirethat

a universalquantifierapply to a relationof immediatedominance.XSLT was

chosenfor two reasons:The filtering canbe accomplishedwith a singletem-

plateanda varyingtest.TIGERSearchalreadyincludesaninterfacefor piping

the outputof queriesthroughXSLT. TheXML representationof thesyntactic

structuresinvolvedwill bedescribedin 3.1.Specificfilters will bedescribedin

3.2.

3.1 The XML Representationof SyntacticStructure

In this sectionwe will explore thoseelementsof the XML outputof a search

whicharerelevantfor furtherprocessingvia anXSLT filter.
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(7) #p:[cat=("S"|"VP")] >DA #da

(8) <match subgraph="s60 505">

<variable name="#p" idref="s60 505" />

<variable name="#da" idref="s60 503" />

</match>

Thequeryin (7) is avariationof thequery(2-c) from section2.1with vari-

ables.If we run this queryon the TIGER corpusandexport the resultsasan

XML file we find, amongotherstructures,a setof matches.Thesematchesare

encodedasin (8). A matchelementcontainsapointerto thematchingsubgraph

(thesubgraph attribute).Hereweseethattheelementmatch haschildrenof

typevariable. Theseelementscontainpointersto respective nodesof con-

stituentstructure(theidref attribute). The matchingnodesaregiven in (9)

and(10)

(9) <nt id="s60 505" cat="S">

<edge label="DA" idref="s60 503" />

<edge label="HD" idref="s60 6" />

<edge label="SB" idref="s60 504" />

</nt>

(10) <nt id="s60 503" cat="NP">

<edge label="NK" idref="s60 1" />

<edge label="NK" idref="s60 2" />

<edge label="NK" idref="s60 500" />

</nt>

Theindividual non-terminalnodeshave anatttributecat which encodestheir

grammaticalcategory, aswell aschild elementsof typeedge, which represent

theedgespointingto their respective child nodes.Theedge nodesthemselves
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have anidref attributewhich pointsto therespective child nodes,aswell as

a label attribute, which indicatesthe function of the child nodewithin the

constituentformedby theparentnode.

3.2 Filtering Matcheswith XSLT

This sectionwill describethe useof an XSLT templatewhich functionsasa

filter, blockingmatcheswhich do not meetcertainrequirements.First we will

examinefilters which remove matchesin which a node#p haschildrenwith

a particularsyntacticfunction, then we will examinea filter which removes

matcheswhichhavechildrenwith aparticularsyntacticcategory.

(11) <xsl:variable name="test">

0=count(key(’idkey’,

variable[@name=’#p’]/@idref)

/edge[@label=’OA’])

</xsl:variable>

(12) <xsl:template match="match">

<xsl:if test="xalan:evaluate($test)">

<xsl:apply-templates select="ancestor::s"

mode="print">

<xsl:with-param name="matchroot"

select="@subgraph"/>

</xsl:apply-templates>

</xsl:if>

</xsl:template>

The templatein (12) could be appliedto the outputof the query(7). It filters

outmatchesin whichthenode#p haschildrenwhichfunctionasOA. Undesired

resultsarefilteredby applyingatest$test beforeprinting.Examplesof XSLT
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stylesheetsthat print sentencesareincludedwith TIGERSearch(König et al.,

2003).Thework hereis donein thefilter1. Thefilter checksto make surethat

the nodepointedto by #p (namelyvariable[@name=’#p’]/@idref)

hasno childrenof typeedge with thevalueOA for theattributelabel. The

test string can then be varied with regard to the nameof the variableto be

checkedandthefunction(s)to beexcluded.A variationonthetestwhichwould

alsoexcludematcheswith objectclauses(OC) is givenin (13).

(13) <xsl:variable name="test">

0=count(key(’idkey’,

variable[@name=’#p’]/@idref)

/edge[@label=’OA’or @label=’OC’])

</xsl:variable>

Filters removing matchesin which a nodehasno children with a particular

syntacticcategory aremorecomplex dueto theneedfor anadditionalpointer.

(14) <xsl:variable name="test">

0=count(key(’idkey’,

(key(’idkey’,

variable[@name=’#p’]/@idref)

/edge/@idref))

[@pos=’ART’])

</xsl:variable>

Thefilter in (14) couldbeappliedto thematchesof a queryin which#p is

boundto nodeswith thesyntacticcategoryNP, to filter out nounphraseswhich

do not haveanarticle.Theinnerpointeris structuredanalogto thatin (11) and

(13). The outer pointer locateschild nodes.The predicate[@pos=’ART’]

1 Theuseof theXalanextensionfunctionevaluate is not crucialhere,but doesmake the
codemoremodularandthuseasierfor theinexperienceduserto modify.
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locatesthosechildrenwith thevalueART (article)for theattributepos.

(15) exists #p: forall #c: ((#p > #c) =>

(#c:[pos!="ART"]))

At thispoint it becomesexcruciatinglyclearthattherestrictionthatanodehave

nochildrenwith aparticularsyntacticcategoryor aparticularsyntacticfunction

is far betterstatedwith a representationasin (15), in thetypeof representation

envisionedby König etal. (2003)thanit is in raw XML.

4 Conclusionand Dir ectionsfor Further Research

This paperhasshown that relatively simpleXSLT stylesheetsarecapableof

providing importantfunctionalityneededby linguistsinterestedin typesof syn-

tacticstructurebestdescribedby statingthata nodeof a particulartypehasno

childrenof aparticulartypeor with aparticularfunction.While theXML struc-

turesandXSLT codepresentedhereis simplefrom aprogrammingstandpoint,

the constituency for whom TIGERSearchwas developedgenerallylacks the

experiencein computersciencenecessaryto formulateor even modify exam-

plestylesheets.Indeed,theuseof dataabstraction,thegraphicalrepresentation

of syntacticstructureasopposedto theraw XML representation,aswell asthe

developmentof aspecializedquerylanguagebasedonlinguisticconceptsasop-

posedto suggestingthatlinguistsaccessthecorpusvia agenericXML solution

suchasXPath,XSLT or XQuery, waspredicatedontheideathata treebankcan

only gain widespreadusewithin the linguistic communityif that community

canquerythetreebankusingtoolsit is comfortablewith.

Furtherresearchcouldbedirectedtowardbuilding agraphicaluserinterface

which would take expressionsformulatedin therepresentationof theuniversal

quantifierdescribedin König et al. (2003)andcreatean XSLT templatefilter

on thefly. This couldbea standaloneapplication,or it couldbe integratedin
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TIGERSearch.While extendingthe universalquantorto the immediatedomi-

nancerelationwouldbeby far themostusefultypeof extension,theideacould

be expandedto otherrelations,suchasthe relationof linearprecedence.This

typeof a solutionwould belessthanthemoreelegantsolutioninvolving a full

implementationof theuniversalquantifier, but it would provide a gooddealof

functionalityandwouldbeeasierto implement.
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