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This paperdiscusseshe useof XSLT stylesheetsisa filtering mecha-
nismfor refiningtheresultsof userqueriesontreebanksThediscussion
is within the context of the TIGER treebankthe associatedearchen-

gineandquerylanguagebut the generalideascanapplyto ary search
enginefor XML-encodedtreebankslIt will be shovn that important
classe%f linguistic phenomenaanbe accesseby applyingrelatively

simple XSLT templatego the outputof a query effectively simulating
theuniversalquantifierfor a subsebf thequerylanguage.

1 Intr oduction

In the TIGER treebankBrantset al., 2002),syntacticstructureis encodedsia
restricteddirectedacyclic graphshenceforthsyntaxgraphs.Thesearetree-like
structureswith potentially crossingbranchesand labellededges.The corpus
Is availablein XML format. The searchengine TIGERSearch(Konig et al.,
2003)wasdevelopedto enabldinguistswith no previousexperiencean theuse
of eitherquerylanguagesr XML-encodedcorporato work with the corpus.
In TIGERSearchthe encodedstructuresare presentedo the userin a graphic
representatiofamiliar to this particularconstitueng. A speciallydesignedan-
guage(Konig and Lezius, 2003) allows the userto querythe treebankusing
conceptalreadyfamiliarto linguists:immediatedominancelinearprecedence
andderved relations.The formulation of a queryinvolvesdescribingdesired
structuralcharacteristicsTheresultof a queryis the setof all structuresn the
corpuswhich have thosecharacteristics.
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occasiorof his 65thbirthday
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lhren Kunden bietet sie einen 24-Stunden-Service  fir Laborarbeiten
PPOSAT NN VVFIN  PPER ART NN APPR NN

Figurel: ThreePlaceVerb

2 Structural Search

This sectionwill demonstrat¢heimportanceof a universalquantifierin atree-
bank query language A brief overvien of one of the main mechanismdor
searchingfor syntacticstructureusing the TIGER languagewill be provided
in 2.1. Oneimportantareaof syntaxwhich could be more easily investigated
via auniversalquantifierwill begivenin 2.2and2.3.

2.1 Immediate Dominance

This sectionwill provide a brief overvien on searchingsyntacticstructuresn-
volving immediatedominance.

(1) lhrenKunden bietetsie einen24-Stunden-Servicgir Laborarbeiten
her customer®ffersshea 24-hourservice  for labwork
‘She offershercustomers 24-hourservicefor lab work!

The sentencan example (1) hasthe graphicalrepresentatiomn figure 1.
A usercould beinterestedn variousstructuralcharacteristic®f the sentence.
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Severalsimplequerieswhich matchstructuresn the sentencearegivenin (2).

(2) a [cat="S'] >SB [pos="PPER']
b. [cat="NP'] >MR [cat="PP"]
c. [cat=("S"|"VP")] >DA []

The query (2-a) matchesall sentencesn which the subjectis a personal
pronoun.Thisis accomplishedby describingtwo nodesanda relationbetween
them.Theexpressior] cat =" S"] describesnodewith thevalueS (sentence)
for the featurecat (cateory). The expression[ pos="PPER"'] describesa
nodewith thevalue" PPER" (pronoun,personalXor the featurepos (partof
speech).The operator> definesa relation of immediatedominancein which
the nodedescribedo the left dominateghe nodedescribedo the right. This
relationis labelledSB (subject).Thelabelindicateghefunctionwhichthechild
nodehaswithin the constituenformedby the parentnode.

Similarly, thequery(2-b) matchesll structuresn which anounphrasehas
a prepositionalattribute, thatis, in which a nodewith the value” NP" (noun
phrasefor thefeaturecat immediatelydominatesanodewith thevalue" PP"
(prepositionaphrase)or the featurecat andtherelationof immediatedom-
inancebetweerthemis labelledMNR (“modifier nominalright”: modifier of a
noun,to theright).

The final query (2-c) matchesary structurein which a nodewith either
thevalue"S" or " VP" (verb phrase)for the featurecat dominatesa node
whichis notfurtherspecifiedandtherelationof immediatedominancéetween
themis labelledDA (datie), indicatingthatthe child nodefunctionsasa datve
argumentwithin the constituenformedby the parent.
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Den Herren Rao und Singh gebihrt  ein Platz in der  Geschichte
ART NN NE KON NE VVFIN ART NN APPR ART NN

Figure2: Two PlaceDative Verb

2.2 Argument Structur e and Agentivity

Thissectionwill discusgheamgumentstructureof two classe®f Germarverbs
with regard to agentvity, preparingthe agumentmadein section2.3 that a
universalquantifieris animportantpartof atreebankquerylanguage.

(3) DenHerrenRaound Singhgelhrtein Platzin derGeschichte

the MessrsRaoandSinghdeserea placein the history
‘MessrsRaoandSinghdesere aplacein history’

Let usnow take a look at anothersentencegivenin (3) with the graphical
representatiom figure 2, which bearscertainsimilaritiesto thesentencen (1).
Both sentencesontainanargumentin dative, which canbe accessetly query
(2-c). They alsoexhibit importantdifferenceswvith regardto argumentstructure,
whichwill beexploredherewith referencdo ideaspresentedn Primus(1999)
andEisenbeg (2004),in which agumentsare seenashaving varying degrees
of agentvity andpatientvity. Agentve andpatientve propertieof anargument
aredetermineccompositionallyusinga setof thematicrolespresentedherein
orderof decliningagentvity: control, cause move, exper, possess
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Example(1) hasthe prototypicalstructureof a sentenceavith a three-place
verbfrom the semantidield of giving andtaking. The argumentwith the high-
estdegreeof agentvity is encodedn nominatve. It is a prototypicalagentve
subject,excercisingcontrol, causingmovement.The agumentencodedn ac-
cusatve is a prototypicalpatient. The agumentencodedn datve hasa low
degreeof agentvity, hereexibiting a potentialfor possessionrlhis weakagent
IS a prototypicalrecipient.

Example(3) on the other handhasa ratherdifferentalgumentstructure.
Thereis no argumentwith strongagentve properties.excercisingcontrol, or
beingacauseTheagumentwith thehighestdegreeof agentvity is apossessor
This weakagentor recipientis again encodedn datve. The argumentwith no
agentve propertiesthe patient,is encodedn nominatve, avoiding a sentence
with no subject.Interestingclasse®f Germanverbshave thistype of argument
structurewith apatientve subjectandanargumentin dative exhibiting adegree
of agentvity compatiblewith therecipientrole, oneimportantgroupbeingthe
psychologicalverbs,which have the slightly more agentve exper encodedn
datwve.

2.3 The Needfor the Universal Quantifier

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

gumentswhich are dative recipientsasit will accesdoth (1) and(3), a user
who wishesto capturethe differencedetweenthe agumentstructuresof the
two sentencewill needto furtherrefinethequery To searchHor sentencewith

three-placeverbssuchasin (1) is simple.

(4) #p:[cat=("S"|"VP')] >DA [] &
#p >CA []
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The queryin (4) usesa variable#p to extendthe query(2-c). It specifiesthat
thereis anode#p which immediatelydominatesonenodewhich hasthefunc-
tion DA aswell asanothemwhich hasthe function QA (object,accusatie).

(5) #Hp:[cat=("S"|"VP')] >DA[] &
#p ! >0A #c

It is thenpossibleto specifythe presencef anargumentin acccusatie. In
the currentimplementatiorof the TIGER languagat is, however, not possible
to specifythe absencef one.Simply negating this relation of dominanceas
in (5), resultsin a querystatingthatin additionto the dative dominatedoy #p,
thereis alsoanodet#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 canbeary nodein thetreefor whichthespecifiedabelled
dominanceelationbetweer¥#p and#c doesnothold.

One option for accessingsuch structuresmight be to searchusing pre-
definedclassesof verbswhich can have the specifiedargumentstructure.in
TIGERSearcht is in principle possibleto definea setof lexemesn atemplate
(Konig et al., 2003) and then usethat templatein a search.But this method
would beindirectat best,nottakingthe potentialfor multivaleng into account.
It also presupposethat the useralreadyhasa list of all verbsin the corpus
which canhave therelevantargumentstructure whereaghe usermay well be
interestedn finding verbswhich canhavethatstructure Besidesthereareother
Importanttypesof structuresvhich canonly be specifiedby statingthata con-
stituentof a particulartype hasno childrenwith particularcharacteristicsEx-
ampleswould be sentencesvith no subject,including the impersonalpassve,
and noun phraseswhich are lacking a determiner or have no attributesof a
specifictype, etc. Thereis clearly a needfor a generalmechanisnwhich can
accomplishthis.
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(6) exists #p: forall #c: ((#p > #c) =>
(#p !'>0A #c))

The mostcomfortableoptionfor the userwould be a possibleextensionof
the TIGER languagewhich is discussedn Konig et al. (2003),the additionof
the universalquantifier exemplifiedherein (6). This queryspecifieghatthere
exists a node#p suchthatfor all nodes#c which areimmediatelydominated
by #p, the dominanceelationis not labelledOA. The computationakxpense
incurredby the universalquantifieris notedasthe reasornwhy it hasnot (yet)
beenincludedin the languagelt is indeedclearthat efficiently implementing
afull universalquantifierasa partof the languagewould be difficult andtime
consumingAnotheroption,discussedh section3, would beto filter theresults
of userqueriessuchthatthe undesiredtructuresaareremoved.

3 Simulating the Universal Quantifier with XSLT Stylesheets

This sectionwill discusgheuseof XSLT stylesheetso filter theresultsof user
gueriesas a meansof finding structureswhich would otherwiserequirethat
a universalquantifierapply to a relation of immediatedominance XSLT was
chosenfor two reasonsThe filtering canbe accomplishedvith a singletem-
plateandavaryingtest. TIGERSearclalreadyincludesaninterfacefor piping

the outputof queriesthroughXSLT. The XML representatiof the syntactic
structuresnvolvedwill bedescribedn 3.1. Specificfilters will be describedn

3.2.

3.1 The XML Representationof Syntactic Structure

In this sectionwe will explore thoseelementsof the XML outputof a search
which arerelevantfor furtherprocessingia an XSLT filter.
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(7) #p:[cat=("S"|"VP")] >DA #da

(8) <match subgraph="s60505">
<vari abl e nanme="#p" idref="s60505" />
<vari abl e nane="#da" idref="s60503" />
</ mat ch>

Thequeryin (7) is avariationof thequery(2-c) from section2.1 with vari-
ables.If we run this queryon the TIGER corpusand export the resultsasan
XML file we find, amongotherstructuresa setof matchesThesematchesare
encodedsin (8). A matchelementontainsa pointerto thematchingsubgraph
(thesubgr aph attribute).Herewe seethattheelementrat ch haschildrenof
typevari abl e. Theseelementscontainpointersto respectre nodesof con-
stituentstructure(thei dr ef attribute). The matchingnodesare givenin (9)
and(10)

(9) <nt id="s60505" cat="S">
<edge | abel ="DA" idref="s60503" />
<edge | abel ="HD" idref="s606" />
<edge | abel ="SB" idref="s60504" />
</ nt>

(10) <nt 1d="s60503" cat="NP">
<edge | abel ="NK" idref="s601" />
<edge | abel ="NK" idref="s602" />
<edge | abel =" NK" idref="s60.500" />
</ nt>

Theindividual non-terminalnodeshave an atttribute cat which encodegsheir
grammaticatateyory, aswell aschild elementof typeedge, whichrepresent
the edgespointingto their respectre child nodes.Theedge nodesthemseles
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have ani dr ef attribute which pointsto the respectre child nodes.aswell as
al abel attribute, which indicatesthe function of the child nodewithin the
constituenformedby the parentnode.

3.2 Filtering Matcheswith XSLT

This sectionwill describethe useof an XSLT templatewhich functionsasa
filter, blocking matcheswvhich do not meetcertainrequirementskFirst we will

examinefilters which remove matchesan which a node#p haschildrenwith
a particular syntacticfunction, thenwe will examinea filter which removes
matchesvhich have childrenwith a particularsyntacticcategory.

(11) <xsl:variable nane="test">
O=count (key(’ i dkey’ ,
vari abl e[ @ane="#p' |/ @ dr ef)
/ edge[ @ abel =" QA" ])
</ xsl : vari abl e>

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

<xsl:if test="xal an: eval uate($test)">

<xsl :apply-tenpl ates sel ect="ancestor::s"
node="print">
<xsl :w t h- param nane="mat chroot"
sel ect =" @ubgraph"/>

</ xsl : appl y-t enpl at es>

</[xsl:if>

</ xsl : tenpl at e>

The templatein (12) could be appliedto the outputof the query (7). It filters
outmatchesn whichthenode#p haschildrenwhichfunctionasOA. Undesired
resultsarefilteredby applyingatest$t est beforeprinting. Examplef XSLT
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stylesheetshat print sentencesreincludedwith TIGERSearchKonig et al.,
2003).Thework hereis donein thefilter!. Thefilter checksto make surethat
the nodepointedto by #p (namelyvari abl e[ @Ghane="#p' ]/ @ dr ef)
hasno childrenof type edge with the value QA for the attribute| abel . The
test string can then be varied with regard to the nameof the variableto be
checledandthefunction(s)to beexcluded.A variationonthetestwhichwould
alsoexcludematcheswith objectclausegOC) is givenin (13).

(13) <xsl:variable nane="test">
O=count (key(’ i dkey’ ,
vari abl e[ @ane="#p' |/ @dr ef)
/ edge[ @ abel = OA' or @ abel =" OC ])
</ xsl : vari abl e>

Filters removing matchesin which a node hasno children with a particular
syntacticcategyory aremorecomplex dueto the needfor anadditionalpointetr

(14) <xsl:variable nane="test">
O=count (key(’ i dkey’ ,
(key(’ i dkey’,
vari abl e[ @ane="#p' |/ @dr ef)
[ edge/ @dref))
[ @os=" ART" ])
</ xsl : vari abl e>

Thefilter in (14) couldbe appliedto the matchesof a queryin which#p is
boundto nodeswith the syntacticcategory NP, to filter out nounphrasesvhich
do not have anarticle. Theinnerpointeris structuredanalogto thatin (11) and
(13). The outer pointer locateschild nodes.The predicate] @os=" ART’ ]

1 Theuseof the Xalan extensionfunctioneval uat e is not crucial here,but doesmake the
codemoremodularandthuseasierfor theinexperiencediserto modify.
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locatesthosechildrenwith thevalue ART (article)for theattributepos.

(15) exists #p: forall #c: ((#p > #c) =>
(#c: [ pos!="ART"]))

At thispointit becomegxcruciatinglyclearthattherestrictionthatanodehave
no childrenwith aparticularsyntacticcateyory or a particularsyntacticfunction
Is far betterstatedwith arepresentatioasin (15), in thetype of representation
ervisionedby Konig etal. (2003)thanit is in raw XML.

4 Conclusionand Dir ectionsfor Further Reseach

This paperhasshown that relatively simple XSLT stylesheetsre capableof
providing importantfunctionalityneededy linguistsinterestedn typesof syn-
tactic structurebestdescribedy statingthata nodeof a particulartype hasno
childrenof a particulartypeor with a particularfunction.While the XML struc-
turesand XSLT codepresentedhereis simplefrom a programmingstandpoint,
the constitueng for whom TIGERSearchwas developedgenerallylacks the
experiencein computersciencenecessaryo formulateor even modify exam-
ple stylesheetdndeedthe useof dataabstractionthe graphicalrepresentation
of syntacticstructureasopposedo theraw XML representatiorgswell asthe
developmenbf aspecializedjuerylanguagédasednlinguisticconceptasop-
posedo suggestinghatlinguistsaccesshecorpusvia agenericXML solution
suchasXPath,XSLT or XQuery, waspredicatedntheideathatatreebankcan
only gain widespreadusewithin the linguistic communityif that community
canquerythetreebankusingtoolsit is comfortablewith.
Furtherresearcltouldbedirectedtowardbuilding agraphicaluserinterface
which would take expressiongormulatedin therepresentationf the universal
quantifierdescribedn Konig et al. (2003)andcreatean XSLT templatefilter
onthefly. This could be a standaloneapplication,or it could be integratedin
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TIGERSearchWhile extendingthe universalquantorto the immediatedomi-
nancerelationwould be by farthe mostusefultype of extensiontheideacould
be expandedto otherrelations,suchastherelationof linear precedenceThis
type of a solutionwould belessthanthe moreelegantsolutioninvolving a full
implementatiorof the universalquantifier but it would provide a gooddeal of
functionalityandwould be easierto implement.
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