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Japanese・DependencyStruct・ureAnalysISbased

on a Lexicalized StatisticalMddel＊’

MasakazuFbjio

Abstract

Theclaimofthisdissertationisthatstatisticsofsurfacefeatures，SuChaspart－

0トspeechtagsandheadwords，eXtraCted丘omalargecorpusofparsedsentences，

alongwithparticularalgorithm，CanprOduce’accurateparses・

Intheliteratureofasyntacticanalysis，Statisticalapproachexhibitedsome

degreesofsuccess，andvadousstatisticalparsingmodelsareproposed・Butit

isnotenoughforpracticalnaturallanguageapplications（NLP）・Ifwewantto

achieveahigherrateofaccuracy，itisnecessarytousemuchinformation・How－

ever，themoreinformationweuseinastatisticalmodel，themoreparameterswe

mustestimatefromacorpus，andthemuchmorecorporaweneed（inotherwords，

thee鮎ctofsparse－dataproblembecomesmoreserious）．Insomecases，allthe

parameterSCannOtbecorrectlyestimatedbecauseofthelimitofcomputational

resources（memoriesanddisks）・

Thebasicstatisticalmodelisnotsomuchcomplexasotherstatisticalparsers

in theliterature ofa computationalstatisticalparser．Wらstick to a statisti－

Calmodelofsimplesettingaimingataneasyimplementationande伍ciencyof

parslng・Instead，Weaddresstheproblemofsubordinateclausesandcoordinate

StruCtureS，Whichareamongthemajorcausesofdincultyinthesyntacticanalysis

OfaJapanesesentence・

Inthestudyofsubordinateclauses，WePrOPOSethedecisionlistmodelthat

COnSiders“modify”and“beyond”relationbetweensubordinateclauses．Wbshow

thatthismodelcontributestoimprovetheprecisionofdependencyanalysisof

Sentences．

＊Doctor，sThesis，DepartmentofInforma七ionProcesslng，GraduateSdlOOlofInforma七ion

Science，NaraInstituteofScienceandTbclmology，NAIST－IS－DT9761017，Fbbruary7，2000．
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Ⅰ鱒thestqdyofcoordinatestruCtureS，WeprOPOSethemethodtotreatbasic

dependencyanalysis？ndcoordinatestructureidentificationinauniformwayi

andshowthemodelimproⅦS－theprecisionofdependencyanalysisofsentences・

TbadlievehigherprecisionundertheaNai1ablestatisticalmodel∴Wealsopro－

posestatisticalpartialparsing（themethodtoachieⅦhigherprecisionatthecost

Oflowerrecal1）andredundantparsingmethods（themethodtoチChievehigher

recal1atthecostoflcrwerprecision）．

Keywords：

parslng，Statistic，dependencyanalysis，decisionlist，Subordinateclauses，COOrdi－

na七estructures，Partialparslng
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1．Introduction

Theneeds’forpracticalnatl∬al1anguagePrOCeSSing（NLP）isincreasinglycal1for

inrealapplicahionssu血asmachinetranSlation，informationretrieval，COmPuter－

aidededucation，andtextmig・
ParsinggivesusfLmdamentalandnecessaryinformationforunderstanding

sentences．ParsingproblemsistoidentifythehierarchicalconstituentstruCture

ofasentence．Considerthefonowingse血ence．

●東京と大阪に行く。

（IgotoTbkyoandO岳aka・）

ThissentencehaBatleasttwointerpreta七ions．OneisⅡ氾reaCCePtablethan

theother．Thepla闇ibleandacceptableinterpretaiionis“a）someonegoestoboth

TbkyoandOsakd，．Theotheri血erpretation，Whichisstrange，is“B）someone

goestoOsahwiththemannamedTbkyo”・

Thediffbrencebetweenthetwoi血erpretationcanberepresentedbythefo1－

lowlngSyntaCticstruCtureS：

1）【【東京と】【大阪に】】行く0］

2）【東京と［【大阪に］行く。］］

ThesyntacticstruCturel）hasaleftbranchingstruCtWe，andcorrespondstothe

interpretationa）．ThesyntacticstruCtureb）hasarightbranChingstruCture，and

COrreSPOndstotheinterpretationb）・

Although，anatural1anguageSentenCetakesondi鮎rentmeanings，depend－

1ngonitscontext，aSy血acticstruCturegivesusprimaryc一ユeSforlaternatural

1弧guageprocessing・Anu血berofpotentialapplicationsdescribedabovewould

alsobenefitfromhigh1ya∝urateparSingofsentences・

1．1TheMotivationforParslng

Inthissection，WeShowsomeexamPlesofNLPapplicationsthatwouldbenefit

fromhigh1yaccurateparsingofsentences・

1



Lexicalpatternmat血ingisnotsu缶cient，tOaChievehighprecisionhformar

tionRetrieval．Considerthequerylike以retrieveallarticleswheretheactressA

appearedonsomemedia・”0nlywith1exicalpatternmatChing，yOuⅥuldre－

trievealltextwbereactressAandverbsrsu血as以appear乃or以ⅦOnTV，訂ein

thesameSentenCe，eVenthoughtheyhavenorelationtotheappea訂乱nCeOfactress

A．Thisquerycanbeimplementedbyretrievingofal1docunentSWhereactress

Aisthesubjectofverbssudas“appear”・ThisexamPleillustratesthathigh

precisionhformationRetrievalrequireshigh1yaccurateparSingofsentences・

InInformationExtractiontask，anNLPsystemshouldfindfactsfromsome

groupofdocuments・ThepropertiesorattributesofthenounPhraseinadoc－

unentCanbeinferencedfromtheneighboringwordsandphrases，andfromthe

syntacticrolesitoccupleS・hthegenreofMolecularBiology，uSerCankncwthe

categoryofthesubstanCe（su血asprotein，DNAorsugar）anditsfunctionfrom

itsneighboringverbsinasyntacticstruCture・

MachineTranSlationisanotherexample・hmachinetranSlation，ahgⅢnent

isanimportantPrOblem・AligrLmentisthedescriptionofhowaneXPreSSionin

onelanguagecorrespondstoaneXPreSSioninanOtherlanguage・Wbrdtoword

alignme血doesnotalwayssucceed，WhenalignmgSVOlangua＄eSudaBEnglish，

andSOVlanguageSuChasJapaneSe・Considerthefonowingcase・

Giventhepairofparsedtrees，yOuCanSee㍑go乃istheheadwordintheEnglish

sentence，and“行（”istheheadwordinthecorrespondingJapaneSeSe血ence・

軋rthermore，yOuCanSeethephrase“toTbkyoandOsaka”isanObjectofthe

verb“go”，byitsbositionintheparsetree，andthephrase“東京と大阪に”is

theobjectoftheverb“行（”，bythecasemarker“に”・Parsetreesal1珊yOutO

COrreCtlyalignsentences・

1．2　SyntacticAmbiguity

Amqjorproble皿inparsingisa血big血吋Ambiguitycanberough1ycategorized

intosyntacticandsemanticones・Inthisdissertation，Weaddresstheproblemof

syntacticambiguity・Inthissection，WegivesomeexamPlesofsyntactica血b卸ity

thatappearSinnatural1anguageSentenCeS・

ThefistexamPlesarenotambiguousforhumanS・

1）彼と大阪に行く

2



べ

I go to Tokyo　and Osaka・

私は　東京と大阪に　行きます。
ロ

Figurel・AhgnmentofEng鮎handJapanesetext・

【【彼と川大阪に＝行く0】】】

（IgotoOs血甘地b皿・）

＊【【【彼と〕【大阪に】】［行く0］】

（IgotohimandO由血？？）

2）東京と大阪に行く

＊［【東京と川大阪に】【行く0］】】

（IgotoOs血而tb恥桓0？？）

【【【東京と］【大阪に】］【行く0］】

（IgotoTbkyoandOsa血・）

Bothoftwose血encesconSistofthreephrases，andha㈹tWOSyntaCticdlywe11－

formedparsetrees・Buttheanalysisnotmarkedwiththesign，＊，ismoreplausible

thantheother．InthefistexamPle，“彼”ishumanandcanbeanagentofan

eve叫Whereas“大阪”isthenameOfaplaceandcannOtbeanagent・Theright

branchingstruCture（theformerbracketingofthefirstexamPle）correspondsto

3



theinterpretation“IgotoOsakawithhim乃，andal1nativespeakerofJapaneSe

wouldadmittha上thisi血erpretationiscorrect・InthesecondexamPle）both以

東京”and“大阪”axethenameSOfplaces，COnStruCtaCOOrdinatestruCture，and

bec。mealoca七iveoftheverb“行（”．TheleftbranChingstruCture（thelatter

bradetingofthesecondexample）correspondstothisi血erpretation・

Abroad－COV訂ageparSer，eitherrulebasedapproachorstatisticalapproa血，

shouldcorrectlydisambiguate？ydacticstructuresoftheseexanPles・Bothofthe

aboveexamPlesconsistofthreesegments（bunsetsuりwiththefouowingpattern・

a）塊±些叫旦iヱ

Arulebasedparserwouldexamine血etherNounACanbetheagentofthe

verb“行（”．Ifitisanamimate，aparSermayCOnCludethatNwACanmO

“行（”withtherelationtype“と”1（whichisthecaseofthefirst？entenCe）・

IfNounAisnotanage叫aparserwouldcalculatesthesimi1arityofNounA

andNounB（beca闇ethefunctionⅥ町rd“と”impliesaneXistenceofcoordinate

struCtl汀e），andatthesametime，WOuldexaminethesetwonounSCanbealocative

oftheverb“行く”（whichistheca8eOfthesecondsentence）・

hastatisticalapproa血，thestatisticalmodelassignsprobabihtyorsomesort

ofmeasuretoeachsyntacticstruCture，therebyrankingcompetingstruCtureSin

theorderofplausibilitylUsual玩thosegtatisticsarelearnedfromalargescale

parsedcorpus・Fbrinstance）instatisticaldependencyanalysis，ifyouassunethe

independencyofdepend占ncyrelations，aSta七isticalparsercalculatestheproduct

ofprobabilitiesofdependencyrel島tionsbetweenNounAandaverb“行（”，and

betmenNounBand“行（”（whi血correspondstotherightbran血ingstruCture

ofexamplel）），andtheproductofprobabilitiesofdependencyrelationsbetween

NounAandNounB，andbetweenNounBandaverb“行（”（whi血corresponds

totheleftbranChingstruCtureOfexamplel））・Aftercalculatingtheprobabihty

ofea血dependencystruCture，theanalyzerselectstheonethathasthehighest

prdbability・ItisdesirablethatanounOrVerb）smodificationtendencywhichis

iuustratedinthepreviousparagraph；Canbeleamedfromacorpusautoma七ic

andtha鳥isoneofthereasonsfort血gastatisticalapproach・

1hthisdissertation，WeCal1asequenceoffunctionwordsinasegment（bunsetsu）asrelaiion

iype・ArelationtypeiscruCialfordisambiguationofsymiCticstruCtureOfaJ叩aneSeSe血ence・
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ThethirdexamPleisamoreproblematicone・

3）彼と私の部屋で話した・

［［［【彼と】【私の】】【部屋で】】【話した・】】

（Ita址edwithhiminourroom・）

［【彼と＝【【私の】【部屋で】】【話しキ．川

（Italkedwithhimin叩rOOm・）

Bothofthe aboⅥ∋analysislookequallyplausible．A segme血“彼と”anda

segment“私の”canCOnStruCtaCOOrdinatestruCtureandbothofthesephrases

modifythesegment“部屋で”（whichcorrespondstotheformerinterpretationof

theexample3））．Ontheotherhand，“彼と”canmOdifythelastsegment“話

した・”（whi血corre＄pOndsto．thelatterinterpreta七ionoftheexample3））・By

contraBtwiththeexamplesl），2），itisnoteaBytOdisambiguatethesy血aJ：tic

StruCtu∫ewithoutane血iredialogueorothercontextualinformation．

Fbrthiscase，aru1ebased．parserwouldconcludethatbothgyntacticstruCtureS

areCOrreCt，andasta＾isticalparserwouldassignequalprobabilitytothesetw

Sy血acticstruCtureS．

ConsiderthelastexamPle．

4）あなたしか私は分らない・

【【あなたしか＝【私は］【分らない・］】】

－Icanunderstandonlyypu．

－Onlyyoucanunderstandme・

Tbdecidesy血acticstruCtureOfthesentence4）iseasierthanthecaseofsentence

3）・Butunfortunately，theparsetreewouldnotgiveanyinformationonwho

understandswhom．FbrasyntacticstruCtureforthesentence4），bothtwinter－

pretation，㍑Icanunderstandonlyyou乃and比Onlyyoucanunderstandmen，are

pos＄ible．Thisisra比ertheproblemofsem鋸止icambiguation．Thegoalofour

dissertationistodisambiguatesyntacticstruCture，nOtSemanticinterpretation・
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1．3PhraseStructureAnalysISandDependencyAnalysIS

Inthissection，WeeXplainthedi鮎renceandcorrespondencebetweenphrase

struCtureanalysisanddependencyanalysis・Figure2givestheexam再eofthe

phrasestruCturerepreSentationandthedependencystruCturerePreSentationfor

thesentence“彼と東京に行く．（withhim，tOTbkyo，gO）”・Basic勅Phrase

struCtureanalysisgivesahierarchicalconstituentrepresentationlikethelefttree

inFigure2・Andeachinternalnodeofthetreearelabeledwithgrammatical

termS．Ontheotherhand，dependencyanalysisgiveswordtowordmodification

relationsdirectory；andhaBnOi血ernalnodes・

S

NP

∧
彼　と

ス
NP V

∧　一

束京　に　行く。

彼　と　　東京に　行く。

Figwe2・AnexampleofCFG

1．3．1PhraseStruCtureAnalysIS

Co血ext－freegrammar＄（CFG）訂ewidelyusedasamodelofnatural1zm如age

sydacticanalysis，andvariouse鮎ctiveparsingalgorithmarestudied・hgeneral，

CFGfornaturallanguageParSingconsistofCFGru1es・

Theleft＿hand，SideofeachCFGruleis anon－terminal，SuChasnp（noun

phrase），VP（verbphrase），pp（prepositionalphraBe），andsoon・Thefonowingis

aneXampleofCFGforparsingJapanesese血ences・

InthisframeWOrk，disambiguationofsy血acticstruCturebecomesaproblem

ofselectingaCFGru1eandapplyingthelefthandsideoftheruletotheright
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S　　→　npVp nOnn　→

S　→　Vp　　　Ⅶrb　→

np　→　nOun nOun　‾⇒

np　→　nOunに　Ⅶrb　→

np　→　nOunと　Ⅶrb　→

Vp　→　Ⅶrb noun　→

VP　→　nPVP nOun　→

部屋（room）

話す（ta比）

大阪（Os血）

行く（go）

見る（look）

彼（be）

東京（Tbkyo）

Tbblel．ExampleofCFG（contex♭freegramarrules）

handsideofotherru1es，andfinal1yderivingtheinputse血ence・FbrinstanCe，

forthesentence“彼と大阪に行く．”，WeCanaPPlythefo1lowingCFGrules・

1．s→npVp

2．np→nOunと

3．noun→彼

4．vp→npVp

5．np一→nOunに

6．noun→大阪

7．vp→Ⅶrb

8．Ⅶrb→行く．

hCFG，VariousparsingalgorithmtoobtainparSetreeS（inotherwords，tO

applyCFGrulesinsomeorder）areknm，Su血asChartParSing，CKY，Early

algoritlm［36］andsoon・

1・3・2DependencyAnalysis

Next，WeOⅦrviewdependencyanalysisframeWOrk・Dependencyanalysisiswidely

usedforJapaneSeSyntaCticanalysis・hgeneral？thefo11mgthreestepsareperL

formedinastandardJapanesedependencyanalyzer・

1・Seg＝1entingasentenceintoasequenceofsegmentscal1edbunsetsw・
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Tbble2．Anexampleofwordsegmentation，POStagging，andbiLnSeisusegme

ta七ionofaJapaneSeSe血ence

彼　　　と　　　東京　　　に　　でかけようW血dSegⅡ1entation

POSlもgging

BunSetSuSegmehtation

（Ch血ing）

EnghshTranSlation

pronoun　CaSe－　PrOpernOun CaSe－　　Verb

particle

彼－と 東京一に

ひ豆統九e　　　　　　わ7もたyo

（エefなタ0ね乃た卯び肋ゐ血）

particle（vohtional）

でかけよう

ge孟なタ00規子

2．Prepa血gamodifica七ionmatrix†eaChvalueofwhidlrepreSentShowone

segment（bunsetsu）islikelytomodifyanother・

3．Findingoptimaldependencyrela点onsinasentence（usual1ybyadynamic

programmingte血que）・

SincewordsinaJapaneSeSentenCearenOtSegmentedbyexplicitdelimiters，

inputsentencesare鮎stwordsegmented，part－Of－SPeeChtagged，andthendhnked

intoaseqpenceofsegmentscalledbunsetsu・EachsegmeIlt（bunseisu）general1y

consistsofaseqTlenCeOfconte血WOrdsfonowedbyfunctionwords・

Dependencyanalysisproducesadirectedtree＄truCturethatclarifiesmodifi－

cationrelationsbetTmenWOrds，andthisrelationisirrelevanttothewordorder，

unlikethesyntactictreerepresentationbasedonPSG・乱ble2givesexamPlesof

wordsegmen七ation，Part－Of，SPeeChtagging，andbunsetsu＄egmentation（thunk－

ing）ofaJapanesesentence，Wheretheverbistaggedwiththeirparts－0トspeech

aswellasconjuga鳥ionform．

Inthestepofdecidingoptimaldependencyrelationsinasentence，mOStPraC－

ticaldependencyanalyzersfortheJapaneSelanguageusual1yassumethefo11owing

twoconstr由n七S：
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1．Everysegment（bunsetsu）exceptforthelastonemodifiesexactlyoneseg－

me血（bunseisu）totherightinthesentence・

2．Nomodificationcros＄eStOOthermodificationsinasentence．

Undertheseconstraints，WeCanuSethedynamicprogrammingtechniqueto

findthemosthkely（inourmodel，theonewiththehighestprobability）combi－

nationofdependencyrelations・

1．3．3　CorrespondencebetweenCFGandDependencyAnalyses

Ifyouwishtokeepbroad－COVerageinPSG）yOumayneedagrammarWithavery

largeml血berofrules・Butifyougototheoppositeextreme，yOuWOuldonly

needthefo1kwingoneCFGru1e・

phrase→Phrase＊phrase

Thesign，＊，indicatetheheadphraseamOngtherighthandsidephraBeSOfthe

rule．Theaboveruleappliestotheheadfinal1anguagesuchasJapaneSe・This

iswha土dependencyanalysisdoes・Thela占tOneeXtenSionneededtotheaboⅦ

CFGruleisequalityofheaddaughter’slexicalinformationandthatofaparent・

AtreestruCtureandadependencystructurehaⅦOnetOOneCOrreSpOndence，if

youlgnOrethei血emalーnOdesintreestructure・

1．4RuleBasedApproachv・S・StatisticalApproach

InordertoconstructabroadcoverageparserofJapaneSeSentenCeS，rulebased

approach（［21，26］），andsta＾isticalqpproachhaⅦbeenstudied（【14，17］）・

1・4．1RuleBasedApproach

WhenconstruCtingabroad－COVeragerulebasedparser，thedi缶cultyisthatthere

arelotsofexceptionswhichmayeasilybeoⅦrlookedbytherulewriters・Fbr

instance，rulewritersmayaBSumethatthereisnodependencyrela七ionbetween

anounPhrasewithcasemarker“を”andanothernounPhrasewithcasemarker

“に”．Butthisisnotalwaysthecase．Thefo1lowingexamplesillustra＾ethis．
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1．［［為替相場の終値を］基準に］決める・

theexchangerahe／closingprice／onthebasis／decide

（Itisdecidedonthebasisoftheex血angerateOftheday・）

2．ウイルスが【アジアを中心に］流行する・

theviruS／aroundAsia／spread

（ThevirusspreadaroundAsia・）

Intheformercase，“終値を”modifiesnot“決める”，but“基準に”，andinthe

latercase，“・アジアを”modi丘esnot“流行する”，but“中心に”・Inbothcases，

nounPhraseswithcasemarker“を”modify，nOttheverbs，butthenounphrases

witbcasemarker“に”．

Intherulebasedapproa血，ru1esⅡmStbedeⅦlopedbyagrarmianOr

languageeXPertbasedontheirlinguisticintuition・Changingrulestoacco

fornewcasesmaycauseothererrorsforpreviouslyexaminedcases・Themost

importantpoidisthatnosystematicwayhasbeenfoundtoreproducetheset

ofrulesfromscratch．

FbrthereasonsmentionedaboⅧ，COnStruCtingandmaintainingarulebased

systemisahborioustask・

1．4．2　Sta七isticalApproach

TbaNOidtheconstruCtionandmaintenanCePrOblemofrulebasedapproa血es）

statisticalapproadisanOtherchoice・Recently，alargeamOuntOfsynt批tical1y

annOtatedcorpusbecomesaJVaihble・Thereisapossibilitytoextra£tuSefu1lin－

guisticknowiedgeandtoconstruCtabroad一印VerageSyntaCticparserautomati－

callyfromthesecorpora・Ⅴ加iousstatisticalormachineleaming叩PrOa血esare

proposed．

BaBical1y，StatisticalparseraBSignsaprobabilitytoeachanalysis・Thereby

rankingcompetingparsesintheorderofpla闇ibihtylEarly叩prOaChesofstatis－

ticalparsingarebasedonCFGframeworkinwhichprobabilitiesareassignedto

thegra皿arru1esconditionedontheleft－hand－Sidenon－terminal・

Ingeneral，theparameterSOfPCFG（probabihsticCFG），aretheprobabilities

為（A→BC）and亀（A→W），WhereA，BandCarenon－terminals，andw

i＄aterminalsymbol．fh（A→BC）meanStheprobabilitythattheCFGru1e
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A→BCisappliedwhennon－terminalAappearsinsyntacticanalysis・hPCFG，

ea血grammarru1ehasaprobability？andtheprdbabilitiesforal1theru1esthat

sharethesamenOn－terminalsumuptol・Thetaskofgrimarianwhouses

PCFGistoes七imatetheseprobabilities・

Thefo1lowingisaPCFGversionoftheCFGinつ脂ゐ1el・FbrinstanCe，the

S　　→　np Vp

S　　→　Vp

np　→　nOun

np　→　nOunに（to）

np　→　nOunと（融tb）

Vp　→　Ⅶrb

Vp　→　npⅦrb

0．8　noun　一う

0．2　verb　一→

0．2　noun　→

0．4　verb　→

0．4　verb　→

0．3　noun　→

0．7　noun　→

部屋（room）

話す（ta址）

大阪（Os血）

行く（go）

見る（look）

彼（be）

東京（Tb吋0）

0．1

0．1

0．1

0．1

0．1

0．1

0．1

Tbble3．ExampleofPCFG（co血ext－freegrmarru1es）

probabilityoftheparsetreeconstruCtedfromthefo1lowingderivationstepscan

becalculatedbytheproductoftheprobabilitiesofeachCFGrulesqppearingin

thederivedparsetree・

1　s－⇒npVp

2　np→nOunと

3　n（）un→彼一

4　vp→npVerb

5　np→nOunに

6　noun→大阪

7　vp→Verb

8　verb→行く．

0．8

0．4

0．1

0．7

0．4

0．1

0．3

0．1

OnemeritofPCFG七OCFGisthepossibilityofautomaticgranmarinduc－

tion．IfyouleamagrammarOfCFG，yOuneedbothpositiveevidences（accept－

ablese血ences）andnegativeevidences（unaCCeptablesentences）asthetraiming

data．ontheotherhandonPCFG，yOuCan1eamthegrammaronlyfrompos－

itiveevidences．Inthiscase，theprobabilityofuhhkelysyntacticstruCtureS（in
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otherwords，theprobabilitiesofraJelyusedCFGrules）becomelowerbyrepeat－

edlytrainingthePCFGmodel・Inside－Outsidealgorithm［42】canbeusedfor

thegrammarre－eStimationorgrammarinference，incasethegrammarSarein

chomskyNormalFtom（CNF）・Fbrthermore，PCFGcanCOnStruCtnOtOnlythe

mostlikelyparsetree，butalsocandidateparsetreesintheorderofplausibilityl

ButthesimpleframeWOrkofPCFGhaNethefo1lowingproblems：

●PCFGscannotreflectle文icalpreferencetotheculminatingprobabilityofa

parsetree・

●PCFGssimply血1tiplytheprobabilityofea血rulederivaiion・

Tlms，theresultingprobabihtydoesnotalwayscorrectlyreaectthepla血bihty

ofea血parSetree・

Totakemorecontextualinformationintoaccount，WOrdcollocationisapplied

tosyntacticformalization，SudaslekicalizedPCFG［2，19，49，32］，Lexicalized

TteeAdjoimingGrammar［41］，andLexicalizedLinkGrammar［29］・Thelength

ofphra5eSOrthedistanCebetweenheadwordsarealsoconsideredinseveral

models【19，30】・

AsaneXtremeOflexicaliza＾ion，thereareparslngmethodstha＾donot闇e

anygrammarru1es・Collins［6］proposesastatisticalpwserbasedontheprot＞

abihtiesofdependenciesbetweenheadwordsinparsetrees・InJapaneselaひ

guage，WeprOpOSeSaStatisticalmodelbasedonthecouocationprobabilitiesof

segmentfeatures［14】，Whi血isdescribedindetai1inChapter3・勒usestwo

typesoffeatures，Oneisthefeaturesdefinedbyea血segmentandtheotheris

thefeatweswhidlreflectdistancepropertybetweenmodifiersegmentandmod－

ifieesegment・Theconocationprobabihtiesofthesefeaturesareestimatedform

acorpus．EharaandUdimoto［10，50］alsousesamekindoffeaturestoestト

ma加aprobabihtyofeadldependencyrelation・Thediff6rencetoourmodelis，

theyusethemaximmentropymethodfortheestimationoftheprobabihty・In

English，Ratnap如khi［39】usesthemaximmedropymOdelforthesta尤istical

parser・AnothermadineleamingtechniqueusedforthestatisticalparsinglS

decisi。ntreemeth。d．Harun0【17］usesdecisiontreetoeStimatetheprobabilities

ofdependencyrelationsbasedonthesamekindofsurfacefeaturesusedinOur

model．
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Magerman［31］propo＄eSaSta＾isticalparSerbasedonadecisiontreemodel，

inwhichtheprobabilitiesareconditionedonthederi鳴七ionhistoryoftheparse

trees．HecompareSthedecisiontreemodelwiththen－grammOdel，andclaims

thattheamOuntOfparameterSintheresultingmodelremainsrelativelyconstant，

dependingmostlyonthenumberoftraimingexamples・

Chamiak［5】proposesagenera＾ivestatisticalmodelandcompareditwith

Couins，，andMagerman’smodelsandshowswhataspectsofthesesystemsaif6ct

theirrelativeperformanCe．

htheliteratl甘eOfstatisticalsyntacticanalysis，about87％ofprecisionin

termSOfsegmentisreported，inbothEnghshandJapanesesentences．

AnothermeritofstatisticalpaFSingisthataprobabilityassignedtoeachparse

treecanbeusedinsubseque血NLPsystems．hsection4，WeprOPOSeSOmeOf

apphcationstakingadvantageofthisfact・

AsthebasicframeWOrk，WeadoptdependencystruCtureanalysis，Whi血isa

lexicalizedformahsmandneedsnogramarru1es．

1．5　DependencyStructureRepresentation

b或eadofconstruCtingahierarchicalconstitue血trepresentationcommonlyused

inphrasestructuregrammar（PSG），Weaimtofindoutphrasetophrasedepen－

dencyrelationsinasentence・Intherestofthedissertation，WeCal1adirected

treestruCtWeOfdependencyrelationsinasentenceas“adependencystruCture”，

andconstruCtionofadependencystruCture，aS“dependencyanalysis”．

DependencyanalysisiswidelyusedforJapaneSeSyntaCticanalysis（【14，17，

21，26】）．

Thereasontousedependency8truCturerepreSe血ationisitsadvantagesin

handhgsomeaspectsofaJapaneSeSentenCe，ad叩tabilitytolexicalpref6rences

andportabilitytoothergrammarframeWOrks・

1・5．1托eeⅥわrdOrderLanguage

ItisoftensaidthatJapanesewordorderisfreebecausethe＄yntaCticroleofa

giⅦnconstituentinasentenceisoftenumquelydeterminedbyitspostpositional

markers．Considerthefo1lowingsentence：
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（1）難波で友だちと映画を見るo
Namba－de tomoda血i－tO eiga－WO rniru・

Naェnba　friend movie see．

IseeamoviewithafriendofmineatNa＝iba・

（1a）難波で友だちと映画を見る。

（1b）難波で映画を友だちと見る0

（1c）友だちと難波で映画を見る0

（1d）友だちと映画を難波で見る0

（1e）映画を友だちと難波で見る0

（1f）映画を難波で友だちと見るo

AllofthesixpossibleseqTlenCeSOfpostpositionalphrasesconstitutecorrect

JapaneSeSentenCeS．AphrasestruCturegramm訂（PSG）producesatreestruCture

whichc。nSists。f誠morphemesinasentenceandnonTterm血alsymboIs（S，NP，

v，andsoon）・Tbacceptthesevariaiions，PSGmustpreparemlmerOuSPhrase

struCtWerulescorrespondingtoeachtreestruCtureeVeniftheyarederiⅦdfrom

asmallsetofbasicrulesinasystematicwayl

ontheotherhand，dependencyanalysisproducesaconnectedgraphstruCtWe

thatclarifieswhi血wordmodifiesordependsonwhi血，andtheaboⅦVaria血S

ofpostpositionalphrases，orderhaNethesamedependencystructl胱・

1．5．2Tbpicali2；ation

AcertainJapaneSephraseseemstomodifymorethanoneword・Thishappens

wheneuipsISOrtOPicalizationoccurs・Fbrexample‥

a）私はごはんを食べてから映画を見にいった0（topicalization）

Ⅰ／meal／ate／amovie／see／went

（AfterIateameal，Imnttoseeamovie・）

b）ジョンができればするでしょう0（enipsis）

John／Ifpossible／willdo

（Ifpossible，Jolmwi11probablydoit・）
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Inthefirstsentence，thephrase“私は”isatopicphrase・Inthesecondsentence，

thephrase“ジョンが，isomittedbetween“できれぼ，and“するでしょう“・One

waytohandletheseca£eSindependencyanalysisistoallowmodifierstomodify

morethanonesegment・

Fbrthesecases，W℃definethattopicsmodifythelastpredicate．

1．5．3　LexicalPreference

Theimportanceoflexicalinformationisgettingrecognized，andanumber of

p9rSingframeworksincorporatelexicalpreftrenceintorecentlyproposedmodels

（LexicalizedPCFG，Lexicalized取eeAdjoiningGrammar，andLexicalizedLink

Grammar）・

Becaus色dependencyanalysisfindoutawordtowordrelationdirectory）tis

easytore免ectlexicalpreferencetothewholedependencystructure・

1．5．4　Adaptability

Theresultofdependencyanalysisspecifiessimplytherelationshipbetweenthe

WOrdsthatcomprisethesentence・Whilethisdoesnotgiveanin－depthinter－

pretationofthese血ence，itisintuitivelyeasytounderstandandisamenableto

manyothermoresophisticatedgrammarformalisms・

FbrinstanCe，aSaWell－definedgrammarformahsm，HPSG（Head－drivenPhraBe

StruCtureGrammar）【37］proposeshigh1ylexic誠zedformalisms・HPSGdescribes

necessaryinformationforparsinginthelexiconasmuchaspossible，andgram－

marrulesarereStrictedintoasixschemaね．Itiseasyto combinewiththese

COnStrairLtbasedgrammarandstatisticalparser・

1・60rganizationofthisDissertation

Thedissertationisorganizedinthefo11αWingwaylInChqpterl，Wehavejust

addressedtheproblemsofsyntacticdisambiguationinJapanesesentencesand

presentthescopeofresearch FbrJapaneSelanguageanalysis・dependencyanal－

ysisiswidelyusedasaparsingteclmiqueforsomereasons・InthisChapter，We

haNecomparedseveralframeworkssuchasPhraseStructureGrammarV・SDe－

pendencyStructureRepresenta七ion，andRuleBasedApproachv・S・Statistical
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Approa血・●

InChapter2，WeOVerviewthestati＄ticalapproachforsyntacticdisa皿biguむ

tion，andstatisticalpartialparsingmethod・Thenwemrviewtheworkrelated

tothestructureofJapaneSeSubordinateclansesandcoordinatestruCtlueSand

someotherfeaturesofJapaneSeSentenCeS・

hChapter3，WeprOPOSeOurStatisticaldependencyanalysismodel・The

basicstatisticalmodelisnotsocomplexcomparedwithotherrelatedstatistical

parsers，aimingataneaSyimplementationandefEciencylThishelpstodecrease

thee鮎ctofsparsedataproblem・Ⅵ屯definethedependencystruCtureaSa

setofdependencyrelations（pairsofmodifiersegmentandmodifieesegment，

assumethateachsegmentinasenten？eeXCePtthelastonemodifiesexactlyone

ofitssubsequentsegmentsinthese血enceandnotwomodificationsmaycross

eachother．Thesta＾isticalmodelassignaprobabilitytoeachsetofdependency

relations，rankingcompetingsetsintheorder・Ofplausibility・Theprdbabihtyof

ea血setiscalculatedastheproductoftheprobabihtiesofdependencyrelations

inaparsetree・

hChapter4，ⅦPrOPOSeSta七isticalpartialparsingandredundantparSing

methods．PartialparsinglSamethodtoachievehigherprecisionatthecost

oflowerrecal1．hotherwords，thep訂tialparSerOutPutSOnlypla闇iblehstof

dependencyrelationsbasedonthesomeparticularmeaBu∬eS・鮎dundantparsing

isamethodtoadievehigherr6cal1atthecostoflo間rPreCision・inotherwords，

theredunda血ParSerallcwstooutputambiguousdependencystruCtureaSfar

astheirplausibilityishighbasedonsomepredefinedcriterion・Thesemethods

areusefu1forpracticalNa七WalLanguageProcessingapplicaAionsthatneedmore

accura七esyntacticanalysisthantheconventionalsyntacticparsersperforn・The

methodscanbeusedfor鱒ⅣStatisticalmodelsthatassunetheindependenceof

theprobabilityofeachdependencyrelations・

InChapter5，WePaya＾tentiontothescopeembeddingpreferenceofsub－

ordinateclausesinaJapaneSeSentenCe，Whicharemamanyanalyzedbysome

linguistsintheliterature・Thescopee血beddingpreferenceofsubordinatecla恨eS

canbeinterpretedasthedependencypreferencebetweentwosubordinateclauses・

Ⅵね1eamthedependencypreferencefromsyntactical1yannOtatdcorporaauto－

matical1y，andshowthatthepref6rencecontributestothedisambiguationofa
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syntacticstruCtureOfthewbolesentence・

InChapter6，WeprOpOSeamethodtodealwiththecoordinatestruCture

analysisandthedependencyanalysisinauniformW町　Thefinalprobability

ofdependencystruCturereaeCtStheformofthecoordinaiestruCtureSfromtwo

reasons．ThefirstreasonisthattheexistenceofcoordinaiestruCtureSChangeS

thedistanCefeaturesofdependencypairs．ThesecondreaBOnisthatacoordi－

natestruCturehasm山tipleheads，andtheprobabilityofdependencyrelationis

calculatedfromthem山tipleprobabihtiesdefindbythesemultipleheads．

Final1yiWeSummarizethedissertationanddescribethefuturedirectionin

Chapter7・
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2．RelatedⅥわrk

2．1StatisticalDependencyStructureAnalysIS

2．1．1LexicalPreferenceandStructuralPreference

oneofthemqjorambiguityofsyntacticanalysisofEnglishse血encesisthePP

ahtaL：hmentambiguity・Ingeneral，thefouowingconstructionofaseI止encehas

ana血biguitywhether（preprp2）modifiestheverborrtpI

verbrq）1（preprq）2）

Considerthefouowingexamples，Withthepreposition以with門：

（a）Theseexamplesconsistoft間SentenCeSwiththeprepositionalphrase・

（b）IgotoTbkyowithhim・

Intheexample（a），theprepositionalphrase“withtheprepositionalphrase”

attachesthenounPhrase“twosentences”，血ilein（b），theprepositionalphrase

“withhim”attadestheverbphrase“goto”・

HindleandRooth［18］useastahi＄ticalmeaBu∫eOflexicalassociationtosoIve

thestruCturalambiguityofprepositionalphraseaktadment・Theyproposeto

useco－OCCurrenCeOfverbsandnounSwithprepositionsinalargebodyoftextas

anindicatoroflexicalpreference・

Li［30］proposessta上isticalprioritymea5ureSbasedontwopsydolinguistic

prlnCiplesinEnglish‥

●RightAssociation－aCOnStituenttendstoattadtoanOtherconstituent

immediaLelytoitsright［24］

●LexicalPreferenceRule－aCaBeframeanditsconstituenttendtopreserve

coherentrelations［13】

AsastatisticalmodelofLexicalPreferenceR山e，heintroducesthefo1lowing

conditionalprobability：

P（mlv，β）

wherevisaverb，SisacaseframeOftheverb・andnisoneoftheargume血SOfthe

verbinthecaseframe．Heassumestheindependencyofargumentscaseframes
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anddefines“lexicalpreference”as the geometricmeanOfthese probabilities・

TbincorporateRightAssociation Principleintoastatisticalmodel，Liusesa

distanCemeaSU∬eineachCFGmle，FbrinstanCe，fortheCFGruleL→H，M，

thedigtanCeisdefinedbythelengthofwordsdomhatedbythenonTterminal

且This definitionre且ectsthedistanCeprOpertyOfthe dependencyrelationin

English・ThepriorityofeachCFGru1eisform山atedasafunctionoftheCFG

ruleandthedistanCeOfH（d），SuChasS（d，（L→H，M））・Licombinesthesetwo

prioritymeaBureSbyusingtheback－0圧method・

Shirai．K［43］presentsaprobabihsticlanguagemOdelwhichintegrateslexical

preferenceandstruCtlNalpreferenceinaconsistentw町　Lexicalpreferenceis

definedbasedonacaseframemOdel，andstruCturalpreferenceisba点edon a

distanCe meaSure．

2．1．2　GrammarExtensionApproach

Itis often said that the basicframeWOrk ofPCFGis not enoughfor disam－

biguating syntactic struCtureOfaninputse血ence，becausetheprobabilityof

ea血PCFGru1edoesnotreflectasy血actic／1exicalcontext，andhencecannOt

CaPturenOn－local1exicalinformationwhichiscruCialfordisambiguationofsyn－

tacticstructures．

Tbtakemorecontex血alinforma＾ionintoaccou叫SeVeralstudies extended

PCFGinsomeway．

MagermanandMarcus［32］describeAarlsystem，aprObabilisticchartparSer・

W址1esimplePCFGassumestheindependenceoftheprobabilityofCFGrules，

theirmodelassumeSthedependenceofCFGrulesonthepart－0トspeechtrigram

Ce址eredatthebeginmigofthefule，andthedependenceontheparentCFG

rule．

Blacketal．［2］proposethehistory－basedgrimaJ（HBG），thattakesi血O

accountthederivationhistoryofaparsetree．Considerthefo1lowingleft－tO－right

derivation：

g→Agβ】Aβ

A→α

β→む
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βユAββ3αぶβユαAββユααββユααらβユαα的　　（1）

Inea血derivationstep，theydefinethatthepa鵬iallypaJSedtreeuptothat
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＼
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／
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■　　　　　　　　　　　　　　l

■　　　　　　　　　　　　　l
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■

■

■

■

■

■

■

■

■
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l

∫

6

1
a a b b

Figure3・DerivationstepofHBG・

pointisahistory・Fbrinstance，thehistorywhenapplyingr3isapartialparsed

treeasB．Thedi缶cultyinapplyingprobabilisticmodelstonaturallanguage

processingistodecidewh止featuresofthesentencearerelevanttothemodel・

Tbteaseouttherele％ntfea＾uresofaparsetreethatwi11contributetosyntactic

disambiguationofasentence，theyuseddecisiontreemodel・Hov研ぎVerforthe

limitaiionofcomputationalresources，theyonlyusethepathfromthecurre血

nodetotherootinthederivationtree・

Magerman［31］considerstha七aparsingofasentenceisaseqvenceofdecisions

ofdisanibiguation，SuChaspart－Of－SPee血tags，hierar血icalconstituentstruCtureS；

non－terminal1abels（np，VPetC．）．Heusesthedecisiontreeleamingtechmiqueto

learncriteriafordisambiguationofthose血guisticconstituents，andproposethe

sta鳥isticalparserSPATTER・

Adecisiontreeisadecisionmikingdevicewhichassignsaprobabilitytoeach

。fthepossiblechoicesbasedonthecontextofthedecision：P（flh），血eref
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isanelementofthefuture（thesetof血oices）andhisahisiroy（thecontext

。fthedecision）．TheprobabilityP（fIh）isdeterminedbyaskingasequence

ofquestionsqlq2・・・qnaboutthecontext，Wherethei－thquestionisumiquely

determinedbytheanSWertOthei－1previousquestions・Figure4givesan

exampleofadecisiontree・

Whati＄Wi？

■　　■　■　■　　　　　　　　　　　　　■　■　■　■

the

P（determinerIthe）＝1

bear

Whati＄ti＿3

P（nounIbear，deterrT！iner）＝0・8

P（Verblbear，determlner）＝0．2

Figure4．Partial1y－grmdecisiontreeforpart－0トspeech－tagging・

Thecontext ofSPÅTTERisconstruCtedfromfourelementaryCOmpOnentS：

WOrds，tagS，1abel，andextensions・Thetagsarepart－0トspee血tags？thelabels

meananynOn－terminals・AnextensionisshminFi卯re5・ThenameannOtated

toanarrowisanextension．Aparsingproceedsinabottom－up，1eft－tO－right

fhshionbasedonthecon七extdeterm血edbythedecisiontreemodel．

StoIcke【47］extends．Earley’sparserforstochasticcontext－freegrammauS，and

usestheprobabilitiesofsuccessiveprefixesinderivationofEaxley，sparser，tO

Capturethelexicalcontext．

BriscoeandCarroll［4】incorporatetheprobabilityofalexicalandstruCtural
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dgbt

仁二］

up

1e批

brown cow

Figure5・RepresentationofconstituentsandaldelingofextensionsinSPAT－

contextbyassignlngPrObabilitiestotheshiftandreduceactionsofLRtable・

恥gamietal．［49］incorpora＾ethenu＝berofmodifierstoanoロトteminalinto

theirparsingmodel・Intheirmodel，ea血nonTterm血alinaCFGrulehasa

wiablethatexpressesthenumberofmodiaerstothenoDterminal・Thisis

basedontheassumPtion・thatmodificationlikelihoodtoacertainmodifieeis

influencedbytheothermodifierstothemodifiee・

Hogenhoutetal．［19］definesthesemantic－headforea血CFGru1e，andevery

non－terminalhasthewiablethatkeepsthesemantic－headoftheno刀卜terminal・

FbrtheruleY→Yl．．．㌦，theyconsidertheconditionalprobabilityP（n：

hl，．．．，㌦‥hmlY），Whi血i＄dependentonsemanticheadhiOfnon－terminal

Y；．Theyalsotakeintoacco皿tthenumberofwordstha七ea血non－terminal

domina土es．

2．1．3　Lexicali2；ationinViriousFbrmalisms

LexicalizationisalsothetrendinotherformaLsms，Su血asLexicalizedTtee

AdjoiningGrammarSandLinkGrammarS・Theseapproa血espursuetousehighly

lexicalizedinforma七iontoconstructmoreCOnteXt－SenSitivemodels・

mGisatree－reⅥitingsystemthatcombinestreesofalaxgedomainwith

a4ioinin9andsubstitution・Figure6illustra加SOnederivationofthesentence

Johneaispeanutshungrily・Themarkoindicatessubstitutionoperationthat

substitutesasubtreeontheleftmostidentica11ylabeledleafnodeofanOther
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subtree．The sq11arema止indicatesadjoiningoperationthatinsert theright

mostsubtreeintotheleftmostidentical1ylabeledinternalnode・Eachsubtreeis

alexiconformG．

Nハ。
／＼
V NP

l

eats

O NP O

I

John

NP

l

Peanu短

口

VP

／＼
VP★　ADV

hungrity

S

■　　　　　　　　　■

NP

t

John

V

t

VP

／＼
VP

／＼
NP

l

ADV

hungriLy

eぬ　Peanu短

Figure6・Exampleofa●treeadjoimingstep・

Schabes［41】fomanydefinesthenotionofstochasticlexic誠zedtree－adjoining

grammar（SmG）．hSmG，thela故ofco血ext－SenSitivityisovercomebya＆

SlgmngprobabilitiestolargerstruCturalmits・However？itisnotalwaysevident

Ⅶ血ichstruCtureS ShouldbeconsideredaBelementaryStruCtureS，andthereare

ambiguitiesinthewaytoconstruCtaWholetreestruCture・Hepresentsanalgo－

rithmforcomputingtheprobabilityofasentencegenerahedbyaSmG，and
introducesaninside－OutSide－1ikeiterativealgorithmforestinatingthestatistical

parametersforaSLmGfromatraimingcorpus．

Bod［3］describesDOP（DataOrientedParsing），Whichisdi鮎re血fromother

Statisticalapproachesinthatitomitsthestepofinferringagrammarfroma
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corpus・hstead，ana皿Ota＾edcorpusisdirectlyusedasasto血asticgrammar・An

inputstringisparSedbyconibiningsubtreesfromthecorpus・andtheprobability

ofea血parsetreeisdefinedbythesunOftheprobabilitiesofal1thepossible

derivationsforthetree．Inthismethod，eVerySubtreeexcepttheoneconstructed

fromonenodecanbeconsideredasanelementaryStruCture・Calculatingthe

probabihtyofaparsetreebyexhanstivelycalcula＾ingallofitsderivationsmakes

thetimecomplexitytobeexponential，Sincethem血berofderivationsofaparse

treeofaninputstringgrowsexponential1ywithitslength・Tbcalculatethe

probal）nityofaparsetreeandtomakeitserrorarbitrarilysmallinpolynomial

time，heapphestheMonteCarlotechmique・

La鮎rty［29］presentsaprobabihsticModelofLinkGrammarSPrOpOSedin

【46］．Whatdistinguishesthisformalismfrommanyothercontext－freemodelsis

theabsenceofexplicitconstituents，aSWeuaSahighdegreeoflexicalization・In

LinkGra皿ar，aSequenCeOfwordsisacceptedbythegrammarifthereexistsat

leastonevahdlinka9eforallthewordsinthesentence・Alinka9eisaconnected

graphstruCtureOfwordsbylinks（1abeledarcs）・Alinkageisvahdiftheresulting

graphisconnectedandplanarwithaJCSdrmabc代thewords，andatmost

onearcconnectsagivenpairofwords．Figure7showsaLinkGrammarparse

（1inkage）foranEnglishsentence■Theydescribeanalgorithmfordetermining

Ⅴ

／S　　　／′「D

She ate　　　the hamburger with

Figwe7・AlinkgrammarParSe・

／D＼

them血mlikelihoodestimatesoftheparameterSOftheirmodel・
UndertheformalismofprobabilisticLinkGrammar，FbngandW可12］present

anExpectationMaDdmizationtrainingmethodforestima点ngtheprobabilities7

andgiveaprocedureforlearningsomesimplelexicalizedgrammar・
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Asforamethodtoassignaprobabilitytoaderivationtree，．therearetop

downandbottomupapproa血es．Charmiak［5］adopt＄atOPdmapproach・

Considerthecasetoassignaprobabihtytothenounphrase”Corporateprofits”・

InFigwe8，eaChnon－terminalnodeoftheparSetreeisasslgnedwiththephrase

＄：rO＄e

np：PrOfit

adj：COrPOrate n：PrOfit

Corporate PrOfit＄

VP：rO＄e fpunc：．

V：rO＄e

rO＄e

Figwe8．Parsetreeofasimplesentence・

type（e．g．anoun－phrase，nP）andtheheadoftheconstituent（mostimportant

lexicalitem）・Thepro9abilityofaparsetreeiscalculatedinthefo1lowingsteps・

1．Calculaietheprobabilityofthephrasehead

2．Calculatetheprob盆bilityoftheformOftheconstituent，giventheheadof

apbrase

3・Recursingtofindtheprobabilitiesofsub－COnStituents

InStepl，Chamiak［5】assuneSthattheprobabilityofaheadonlydepends

Onitstype（part－Of－SPeeCh），headwordoftheparen七node，andthetypeofthe

parentnode．hotherwords，theprobabilityoftheheadword“profits”inthe

phrase“corporateprofits”canbedefinedPbrofiislrose，rP，S）・InStep2，

theprobabihtyoftheformoftheconstituentgivenitsheadisdefinedaBthe

probabilitytha鳥aco鮎tituentcisexpandedusingthegramarrulergiventhai

Cisoftypet，isheadedbyh，andhasparentoftypel，thatisP（rJh，t，l）・

Cbami之血compareshismodelwithConins，andMagerman，smodelsandcon－

Cludesthatstatisticsonindividualwordsoutperformsthemodelsbasedonword
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classes，andthatitisworthconectingstatisticsonsomemoredetai1edinformar

Conins［7］proposesthreenewparsingmodels・Modellisessential1yagener－

ativeversi。nOfthemodeldescribedinCouins96【6］．Mode12isaneXtenSionof

ModeIlthatmakesthecomplement／adjunCtdistinctionbyaddingprobabilities

oversubcategorisationframeSforheadwords・Mode13isan6xtensionofMode1

2thatgivesaprobabilistictreatmentofwh－mOVement・He．abhieves88・1／87・5％

c。nStituentprecision／recan，anamr喝eimprovementof2・3％overColhs96【6】・

Ourstatisticaldependencyanalysismodelissimi1artoConins96modelin

thatbothmodelusethewordconocationdirectlyiAsforacomparisonweexplain

Couins96modelindetai1insection3．3．3・

2．1．4　DirectUseofⅥわrdsAssociations

Asanextremeoflexicauzation，therearepaJSingmethodsthatdonotuse弧y

grammarrules・

Couins［6］describesaparserbasedontheprobabihtyofadependencyrela－

tion（definedbytheconocationprobabihtyofheadwords）intheparsetree・The

correspondencebetweenphrasestruCtlⅡe（treestruCture）anddependencypairs

isgiveninFigure9・StandardbigramprObabnityestimationted皿iquesaree文一

tendedtocalculateprobabilitiesofdependenciesbe加eenpairsofwords・hthis

way，thisapproachissimilartoLinkGrammarsbutthewordaBSOCiationprobむ

bilityofabigramisdirectoryused・Fbrthepreciseestimationofthecollocaiion

probabilityofheadwords，hedistinguishesthecasesthathaⅦdifftre血distanCe

propertiessuchasthenumberofwords，Ⅶrbs，andpunCtuationsbetmenade－

pendencypair・Thentheprobabilityofea血dependencypairth誠hasd血rent

distanCePrOPertiesisestimatedfromtheseseparatedata・TbstsusingⅥ観山Street

J。。rnaldatash珊thatthemethodperformsatleastaswe11aBSPATTER［31】，

inspiteofthemodelbeingsimplerthanSPÅTTER・

Thedi鮎renceofourmodeltoCollins7modelprincipal1ycomesfromthe

propertiesofadependencystruCtureOfaJapaneSeSentenCe・First，thetypeof

modifica＾ionrelation（dependencyrela七ions）isuniqlydeterminedbythefunction

wordsortheendingfomofthemodifier・Second，themodifieralwaysmodifies

aphrasethatfo1lowsitself，becauseJapaneSeisahead－final1anguage・
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VP（announced）

VBD（annOunCed）NP（re＄ignation）NP（yesterday）

NN NN

announced re＄jgnation yesterday

VBD VP NP

Ⅳ　－＝－　　　　　VBD VP NP

口　　「　1

announced re＄ignation yesterday

Figtue9・Eachconstituentwithnchildren（inthiscasen＝3）contributesn－1

dependencies・

AIves［1］usesmutualinfomatioムdrawnfromacorpustoselectthemostlikely

dependencystruCtureOfaJapaneSeSentenCe．Hecalculatesmutualinformation

OfeaddependencyrelationandchoosesthestruCtl∬eforwhichtheproductof

themutualinformationofdependencyrelationsismamied．

2．1．5　DecisionTree Model

HarunO【17］appliesthedecisiontreeleamingte血nique［38】tothetaskofse－

1ectinge鮎ctivefeaturestobeincorporatedintothedependencyanalysismodel

Of［1句．Inf旬io［14］，Variousfeaturesincludingthelexicalformofeachwordare

evaluatedthroughdependencyanalysisperformanCeteStandanOPtimalsetof

f6atwesisふよmal1yselected，WhueinHaⅧ0［17】，the。Pt血alset。ffeaturesis

automaticanyselectedbyusingthedecisiontreetechnique，althoughonlylexi－

Calformsofafewhundredfrequentwordsareconsideredasfbaturecandidates．

BothmethodsareevaluatedusingEDRbracketedcorpus［9］andadievedabout

85～86％accuraciesofsegmentleveldependencies（segmentrough1ycorresponds

tothenotionofchunk．Fbrthedetails，SeeSeCtion3．2．）．

hthedecisiontreeleaming，af6aturethatmostdecreasestheentropyon

targetclassisselected，andthetraimingsetisdividedintosubsetsaccordingto

thevalueofthefeatwe．InHarun0，sstudy［17］，ineachstepofdecisiontree

Construction，0nlyoneofthefeatureofthemodifierorthemodifieeisexamined，

inotherwords，aSetOf・featuresofthemodifierandthemod迫eethatise鮎ctive
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whenconsideredsim山taneously；maybeoⅦrlooked・

2．1．6MaximumEI止ropyApproach

InEnglish，Ratnaparkhi［39］usesthemaximmentropymodelforthestatistical

parser・Hedefinesthecontextpredicatethahcapturethesomeaspectofthe

derivationhistory，andestimatetheprobabilityofea血derivationstepbythe

ma文iⅡmmentrOPymOdel・

EharaandUchimoto［10，50］usethemaxi＝氾memiropymethodtoestima七e

theprobabilitiesofdependencyrelationsofJapaneSeSentenCeS・

ThemaximmentroⅣmethodestimatesthemostmiformprobabilitydis－

tributionofsto血asticwiablesundertheconstraintwheretheexpectedvalueof芯－

eadstodasticvariablecalculatedfromobser代ddataandcalculatedfromthe

estimateddistributionarethesame・

Ehara［10］definestheconformityvaluebytheprobabihtythattwobunseisu’

areinadependencyrelationandtheprobabihtythattwobunsetsuもarenot

inadependencyrela＾ion・Theseprobabilitiesareestimatedbythemaxim

entroⅣeStimationbasedonthebunsetsufeahwes・Fbrthem血mentroⅣ
estimation，heusesm血manytwocombinationofbunsetsufeatures・Heevaluates

theprecisionofthemodificationofthebunsetsu血i血has・CaSeparticle∝が，for

thesentencesofTVnewsarticles．

InUchimoto［50］，theprobabihtyofdependencyrelationsarealsodefined

bybunseisufea＾wessuchaspart－Of－SPeeChtags，hedwordsandfeatures血i血

appearbetweenthepairofbunsets鴫sudasthenuhberofbunsetsuもand

punCtuations・Butheappliesthem血medroⅣmethodtoestimatethe
probabilitydistribution・Heusestheco血ina＾ionofthosefeatures（lowerthan

5）・Pa血gaccu∫aCyOntheKyotoUmiversitycorpusshowstha七COmdional

precisionisadievedfromrelativelysmantrainingdata・

2．2　StatisticalPartialParSer

AnuinberofstatisticalparsingmethodshaNebeenproposed・Mostofthesyste皿S

focusontheperformanCeOfafu11par＄ingofsentences，anddonotdiscussthe

performanCeOfapartialparSing（themethodthatachieveshigherprecisionat
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しeQOStOflⅣerreCall）oraredundantparsing（themethodthatachieveshigher

callatthecostoflowerprecision），W出血iscruCialforsomeapplications，SuCh

；infbrmationretrieval）pre－PrOCe＄SingofcorpusannOtationandacquisitionof

lg頑ticknowiedg占・

InJapanesetext，Ⅰmi［20］and恥jio【14］payattentiontostatisticalpartial

灯Singmethods・hImi［20】，aftercalculatingn－bestparses，aStatisticalparSer

皿川Ptheprobabilitiesoftheparsetreesthatcontainaparticulardependency

htion．ThentheparsernormalizesthetotalsumOftheprobab山tiesofeadl

！Pendencyrelationbythesumtotaloftheprobabilitiesofnparses・Ifthis

山eishigherthanaParticularthreshold，theparseroutputsthesedependency

辻ationsa5apartialpa∫SereSults．Insection4．1，WePrOpOSethreepartialparse

品。dsincludingthesame皿ethodusedinImi［20］andcomparetheperfor－

LanCeunder our statisticalmodel．f厄rthermore，insection　4．2，WePrOPOSe

leStatisticalredundantParSingmethod，andevaluatethepetformanCebythe

！1ai；ionofbunsetsulevelrecal1andcoⅧrage．

．3　Coordinate Structures

IJ叩aneSeSentenCeS，aCOOrdinaLestruCtureisoneofmajorcausesofsyntactic

nbiguityin along sentence．The mainproblemis toidentifythe scopeof

）nStituentsofacoordinatestruCture．

Considerthefo1lowingsentence・

●お年寄りたちに

車のライトの届肇2 服装の1′色の違いによる確認できる時間の差などを
2／　＋3′　　　　　　　　　　　　　　d／

体験してもらう。

1hecorrectconstituentsthatconstruCtthecoordinatestruCtureare4and51，but

lereare4×5＝20ambiguitiesfortheconstruCtionofacoordinatestruCture・

KurohaBhi［26】focusesonthispoint・Theyproposethemethodtocompare

hecandidateconstituentsofthecoordinatestruCture，andiftheyaresuEicie血1y

hnilar，theirsystemmarksthecandidateconstituentsasthecorrectconstituents

fthecoordinatestruCture．Fbrthemeasweofsegmentsimi1arity；theyusecate－

Orymat血，WOrdmatchandsemanticdistanCedefinedbyathesawus，andthen

electthemosthkelyconstituentpairbyusingthedynamicprogrammingmethod・
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OncethecoordinatestruCtu∫einase血enceisdetermined，therestofdependency

struCtureisdeterminedbyconventionalrules・Theyreport65％（97／150）accuracy

calcula＾edbythenumberofcorrectsentences・

Suganuna［48】describesamethodforextractingcoordinatestruCtureSthat

consistofnounphrases，andforestima＾ingthecoordinatedconstituents・He

estimatestheconstituentsofacoordinatestructurebyusingcluesonJapaneSe

characters，heuristicstodeterminethecoordinatestruCture，andstructuralsi＝ト

ilaritybetweentwoconstituents・HisaimistosupportadocunentWriterby

indica血gthepresenceofcoordinatestruCtWeS7Wh血isacauseofcomicar

tiongapsbetweentheⅥiterandthereader・

Nominal　Coordinate［読点］，［中点】，と，も，や，かつ，だけで（は）なく，お

structure　　　　　よび，または，ならびに，あるいは，もしくは，及び，

又は，並びに，或は

Partial　Coordinate［読点】，だけで（は）なく，および，または，ならびに，

structure　　　　　あるいは，もしくは，及び，又は，並びに，或は

Tbble4．KeystocoordinatestruCtWeS

Therearetwodisadvantagesintheseapprbaches・Bothoftheseapproaches

firstidentifytheexistenceofcoordinatestructuresbyfindingkeywordsorpat－

ternS（see恥ble4）thatgiveanevidenceoftheexistenceofacoordinatestruCture，

andthenidentifythescopeofcoordinatestructuresbyexaminingthewordsse－

quencesimi1arityorstructuralsimilaritylH珊eⅦrthesekeystocoordinatestruC－

turesorhemisticstofindthescopeofcoordinatestructuresmustbedeveloped

byalanguageeXpert・Constructingandmaintaimigtheseru1esarealaborious

task．Theotherdisadvantageisthatdependencyanalysisisperformedbasedon

theidentifiedcoordinatestruc血r占s．hotherwords，theprocessofcoordinate

struCttUeidentificationanddependencyanalysisisseqTlential・

Inthisdissertation，Ⅶdonotresorttotheextraheuristicsforfindingthe

simi1aritybetweentheconstituentsofacoordinatestructure（seesection6）・Ⅵ屯

proposeamethodtotreatthecoordinatestruCtureidentificationandthedepen－

dencyanalysisinauniformway・
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2．4　SubordinateClauses

2．4．1ScopeEmbeddingPrefbrence

Bymamal1yanalyzingseveralrawcorpora，Minami［34，35］classifiesv訂ious

typesofJapaneSeSubordinatecIwsesintothreecategories，Whichareassumed

tocomplywithatotalorderingoftheembeddingrelationoftheirscopes．Shirai

etal．［44］reclassifiedandspecifiedthethreecategoriesofJqpaneSeSubordinate

clawesproposedinMinami［34，35］inordertomakethemmoresuitablefor

automaticprocesslngbycomputerprograms．Inthefo1lowing，Wedescribemore

specifiedversionofJapaneSe＄ubordinateclau這eclassificationbyShiraietal．［44］．

Bymamal1yanalyzing972newspapersumary sentences，they extra£ted54

clause£皿alh皿CtionexpressionsofJapaneSeSubordinateclausesandclaBSified

themi血Othefollowmgthreeca＾egoriesaccordingtotheembeddingrelationof

theirscopes．

CategoryA：Sevenexpressionsreprese血ingsimitaneousoccurrencessuchas

“Verblio－tOmOni（Clause2）”and“Verblna9arTl（Clause2）”（bothofthese

twoexpressionsmeanthattheeve血SeXpreSSedbyVerblandClause20CCur

Si刀江ultaneOuSly）．

CategoryB：46expressionsrepresentingcauseanddiscontimitysu血as“Verbl

te（Clause2）”（inEnglish“Verbland（Clause2）”）and“VerblnOde”（in

English“because（subj占ct）Verbl．．．，”）．

CategoryC：One expressionrepresentingindependence，“Verb19d，（in En－

g辻sh，“althou9h（subject）Verbl・・・，”）・

ThecategoryAhasthenarrOWeStSCOPe，WhilethecategoryChasthewidest

紀Ope，1．e．，

CategoryA＜CategoryB一くCategoryC

Wheretherelation‘＜，denotestheembeddingrelaLionofscopesofsubordinaie

Clauses・Then，SCOPeembeddingpreferenceofJapaneSeSubordinateclausescan

bespecifiedasbelow：

ScopeEmbeddingPreferenceofJapane＄eSubordinateClauses
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1．AsubordinateclausecanbeembeddedwithinthescopeofanOther▲Subor－

dinaheclausewhi血inherentlyhasasameOrwiderscopepreference・

2．AsubordinateclausecannOtbee血beddedwithinthescopeofanothersub－

ordina七eclausewhichinherentlyhasanarrOWerSCOPe・

Fbrexample，inthecaseoftheaboⅦthreeclassifica＾ion，aS止bordinateclauseof

ca七egoryBcanbee血eddedwithinthescopeofanOthersubordinatecla闇eOf

Ca七egoryBorCategoryC・butnotwithinthatofCategoryA・

2．4．2ApplyingScopeE血beddingPreferencetoDependencyPr

enCe

〟
embeddedstruCtureS

lj

B

圭A

A

控

■

●

…B

A

；A

B

C

：B　　　…c　　…M

．．1

dependencyrelation

Clause缶ndexpression

subordinateclause

A，B，C：Ca蛤gOけOfclauses

FiguelO・EmbeddedstruCtu∫eSOfJapaneseclausesanddependencyrelation－

shipsbetweenclauses・

scopeE血eddingPreferenceofJ叩aneSeSubordinaheClauseshaBtheclose

relationtoDependencyPreference・
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Fukumotoetal．［15】andShiraietal・［44］resta七etherelationbetmen＄COpe

e血beddinganddependencyoftwosubordinaheclausesastheformofthefo1loⅥng

dependencypreferenceofsubordinateclauses，andapplythescopeembedding

prefbrenceofJapaneSeSubordinateclausestoru1e－basedJapanesedependency

analysis

DependencyPreferenceofJapaneSeSubordinateClauses

l．AsubordinateclausecanmOdifyanOthersubordinateclausewhichinher－

e血tlyhasasameOrwiderscope．

2．AsubordinaheclausecannOtmOdifyanOthersubordinateclausewhichin－

heren七1yhasanarrowerscope・

Shiraietal・［44］dsoaddedthefo1lowingmorespecificclassificationofsubor－

dinateclausetypestotheabovethreecahegories・

1．WhetherthesubordinateclauseispunCtuatedornot．ApunCtuai；edclause

hasawiderscopethanno刀卜punCtuatedonesofthesameCategOry．

2．Twolevelstrengthofdiscontimityofsubordinateclauses．Aclausewith

StrOngdiscontimityhasawiderscopethanthatofthesameCai；egOrywith

Weakdiscontimity・

3．Fburleveldistinctionofstate／actionoftheheadpredicatesofsubordinate

clauses．Aclausewithamorea£tionpredicatehasawiderscopethanthat

ofthesamecategorywithamorestatepredicate．

However，inthosemarLualapproaches，theircoverageagainstalargecorpus

COntaimingmorethan200，000sentencessuchasEDRcorpusisquitelow2）Since

Categories ofsubordinateclausesareobtainedby manual1yana如血gasmal1

nu血berofsentences．hChapter5，WePrOPOSeamethodoflearmingdependency

PreferenceofJapaneSeSubordinatecla闇eSfromabracketedcorpus・

2FbrexamPle，inourimplementation，thecoverageofthecakgoriesof【44］，Whicharemore

SPecificthanthoseof［34］and【35］弧daredesignedforthepurposeofautomaticprocessing

bycomputerprograms，isonly30％foral1thesubordinateclausesincludedinthewholeEDR

COrpu5．
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2J5　TbplCalization

MostoftheJapanesedependencyanalysissystemsassunetha七everysegment

exceptthelastoneinasentencemodifiesonesegmentinthesentence・Ho隕

ever，therearelinguisticphenomenainwhichonesegmentmodifiestwoormore

segmentsortomodifynoothersegmeI止・Oneofthemistopicalization：

●太郎は本は読んだが、ノートは読まなかった。

Tbroreadabook，butdidn，treadanote・

Inthisexample，“太郎ぼ，isatopicphrase，andmodifiesboth“読んだが，and

“読まなかっだ，．FuunOtO［15】proposesaframeWkofRestrictedDependency

Grammar（RDG）．AnRDGconsistsofasetofsimplerewritingrulesincludingp

contextdependentrules（type－1rules），andc弧trea＾topicphrasesnaturallyl

IntheRDGformalism，OnemOdifiercanmOdifymorethanonemodifiee・Tb

suppressthegenerationofuseless＄01utions，Sheincorporatessometypesofcoひ

straintsabo11thowmodifierscanmodifymodifiees．Inthecaseoftopicaliz坤ion，

¶托さaSSunethattopicsmodifythelastpredicate・

InJ叩aneSe，thereisanOthertypeoftopicalization［25］・

む1）象は鼻が長い

Asforanelephant，thenoseislong・

む2）鼻は象が長い

Asforanose，theelephant’sislong・

♭1）東京は物価が高い

AsforTbkyo，theprlCeishigh・

♭2）物価は東京が高い

Asfortheprice，theTbkyo’sishigh・

hbothpairsoftheseexamPles，therearetwogrammaticalsubjects，OnbTOneOf

whichcanSemantical1ymodifythepredicate・Thistypeofa血iguitydependson

thesemanticrelationshipbetweenthemodifierandthemodifiee・FbrinstanCein

a，1）anda－2），“鼻が，modifies“長い”and“象ば’does血OtmOdify“長い”・Inour

formalism，Wedonotdealwithsemanticinterpretation，thuswesimplyassume

thatbothphrasesmodifythepredicate・
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2．6　EllipsIS

Enipsisisa血otherphenomenonthatcausesdtiplemodification・InJapanese，

thesubjectisoftenomitted，Whenitiseasilyretainedfromthecontext．The

omittedsubjectiscal1edazeroanaPhora・Inthefonowingexamples，≠denotes

zeroanapbora．

a）ジョンができれば≠するでしょう。

Ifpossible，Johnwiudoit．

b）もしこの岩を持ち上げられるなら，≠動かしてくれませんか・

Ifyoucan・holdupthisrock，PleaBemOⅦit．

hthe鮎stexample，≠isanenipsisthatrefersto“ジョン”，andthisphrase

modifiesboth“できれぼ，弧d“するでしょう”・ThesecondexamPle，≠’isan

ellipsisthatrefersto“岩”，andthisphrasemodifies“持ち上げるなら”and“動かし

てくれませんか”・ThesephenomenaarealsotreatedintheRDGfom誠sm【16］・

Byusing context dependen七rewdtingru1es（type－1rules），thereferent ofan

0mittedelementcanhavemorethanonedependencyrelation．

hthesecases，WeCOnSidertha七“ジョンが，shouldmodifytheformerpredicate

“できれば，andinthesameWay“岩を”shouldmodify“持ち上げる”．
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3．BasicDependencyAnalysISModel

ThisChapterdescribesastatisticalparsingmodelbasedonthefeaturesofseg－

ments（bunsetsu，）．・Asegmen七（bunsetsu）isamitofdependencyanalysis・Wt

aimtofindoutthemostlikelycombinationofdependencyrelationsbetween

segments（bunsetsuつ・

ThisChapterpresentsthestatisticaldependencyanalysisofJapanesesen－

tencesandisorganizedasfonows：

section3．1definestheconstrai血SOndependencystruCture・Section3・2defines

segmen七S（bunsetsuつanditsfeatwes・Section3・3givesthestatisticalmodelof

dependencystructureanalysis・Section3・4・4de＄Cribestheactualparsingalgo－

ritkm．

Themodeldescribedherewiubeco血binedorextendedinthelaierChapter

t。handlesub。rdinateclausesandcoordina鳥estruCtWeS（seeChapter5，6）・

3．1Constraints

Ⅵ屯placethefo1lowingconstrain七SOnthedependencystructureofsentences・

1．Everysegmentexcepttherigh七mostonemOdifiesexactlyoneofitssuc－

ceedingphraBeSinthesentence・

2．N。tⅥm。dificationmaycrosseachother（crossingconstraint）・

ThoseareaCCeptableconstraiI止SOnJapaneSedependencystructure・

3．2　DefinitionofaSegmer止

3．2．1CompositionofaSegment

AsegmentisamitofdependencystruCtureanalysisinthisstudy・Asegment

consistsofoneorasequenceofcoI止entⅦrdsanditssucceedingfunctionwords・

Thecompositionofsegmentscanbede血edbyregularexpressions・

Thefo1lowingissampledefinitionofasegmen七：

（名詞／／＋助詞／／＊）
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ThisregularexpressionmatchesaseqpenceofnounSfono間dtwzeroormore

particles・

Thereisaroomforuserstocustomi2；ethedefimitionofsegme血inoursystem，

totakecareofexceptionalcaseswhichdonotfauintoageneralpattern，andto

皿anageCOnCePtualdiff6rencesbetweensystemdesigns・

3．2．2　De丘nitionofSegmentFbatures

Fbrea血segme叫asetoffeaturesareasslgned・ThosefeatlXeSareuSedforthe

esti皿ationoftheprobabilityofadependencyrelation・

Thefeaturesofasegmentaredefinedbytheresultofmorphologicalanalysis・

＝エー〉－Theyincludepart－Of－Speedh（POS）tags，COnjugationtypes，PunCtuation，and

othergrammaticalorsurfaceinfomation・Somefeaturesaredeterm血ednot

directlyfromthemodifiersegments・andmodifiee・FbrinstanCe，them皿ber

ofsegmentsbetweenthemodifierandthemodifieecanalsobeafeature・Inthe

sequel，WeuSethefouowingsymboIstoreprese血Segmentfeat一∬eS：

●hi：headword

●±i：beadpos

●q：bezdcla£S

●ri：relationtype

●Pi：PunCtuation

●dij：thenumberofsegmentsbetⅦenthedependencypair

●Pij：thenumberofpunCtuationsbetweenthedependencypair

Thebasicrulesforassigmingsegmentfeaturesareasfo1lows・

●Therightmostcontentwordinasegmenti＄theheadfeature・

・Morphologicalinformation（su血asalⅣOrd，tag，andconjugationform）of

funCtionwordsconstitutestherelationtype．
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排散布地域より、】1【発生率が】2【高いとの】3圃査結果カヨ4【ある・】5

【nodihsionarea］1匝cidence］2Pigher］3【afindind4匝ereis］5・

「　　　　　Mo血鮎r

「　板　　　γ宜

1→4　非散布地域　より

2→3　発生率　　　が

3→4　高い　　　　基本形一と－の

4→5　調査結果　　が

Modifiee

り

基本形－と－の

基本形－と－の

基本形

基本形

勒

0

0

2

2

凱卜威ブ　ヱら1ち

11　0　高い

0　0　　0　高い

0　1　0　ある

0　0　　0　ある

1もble5．Examplesofsegmentfeattms・

Theheadfeaturetakesthefomofeitherthewordform）Part－Of－Spee血，Or

thesemanticclass．Ⅵ如setheJapaneSethesaurus，BunmiGoiHyou，（BGH）【37】

todefinethesema皿七icclass．

Ifasegme血hasnofunctionwords）therelationtypeisdefinedbythepalrOf

thetagahdtheconjugationformofthelastcontentwordinasegment・

ThefeaturesdijandpijaXedefinedbythesequenceofBasePhrases，Wbi血

introducedistanCemea£u∫eStOthemodel．

恥ble5givesaneXamPleofthefeatwe＄Ofcorrectdependencypairsforthe

sentencewhichconsistsoffoursegmeI止S・ThefirstcolunndenotesthedepenT

dencyrelationinthesentence，andtherestofthecolu皿nSShowsthefeatues

explainedaboⅦ・ThefourthandninthcolunnSindicatetheexistenceofpunC－

tuation．ThevalueOindicatethereisnopunCtuationinthesegments・Thevalue

lindicatesthatthelastmorphemeofthesegmentisacomma・Thevalue2

indicatesthatthelastmorphemeofthesegme血isa丸山stop■

Whendefiningthefeaturesdij，Pij，itisnotnecessarytouseexaCtCOunt
ofphrasesorpunCtuations・FbrexamPle〉Whnethedistinctionofdependency

relationofdistancesland2maybeimportant，thedi鮎renceofdistanCeS5and

6isnotbigdi鮎rence・ThesameValueforthedistanCeCanbeassignedwhentheir

distanCeislargerthan2・恥ble6showsthewiationsweusedforthefeatues

毎弧dp¢・
OtherconceivabledistanCemeaSureSaXethenuhberofcaseparticles，Orthe
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Ⅴ訂iationsfordistanCefeatures dij Pij

dstl

dst2

dst3

dst4

exactvalue exactvalue

l，2，andf exaJ：tValue

l，2，andf l，2，andf

l，2，B，C exactvalue

Thble6．Ⅵ汀iationsofdistanCefeatures・Thesign以f刀meanSlargerthan2・The

sign以B乃meanSmOrethan2andlessthan5・ThesignHC乃meanSlargerthan5・

垣eEbctive，Whenamodifiersegmenthasaca眉eParticlea占arelationtype・But

aBareSultofrepeatingpreliminaryexperiments，bothofthosedistanCemea5ureS

e血ibitedpoorerperfomanCethantheca占euSingdij，Pij（Ⅵ屯wi11discussthe

reaBOninChapter7）．Insection3・6，Ⅶ℃wi1lonlyshowtheresultsofusingdij

弧d勒・

3．3　StatisticalModel

Weproposeaprobabilisticmodelbasedonthefeaturesofsegmentsdefinedin

theprevioussection．

First，Weintroducenotationalcomntions・Thesy血boISdenotesasentence・

T＝〈wl，tl），．．．，〈wn，tn〉isasequenceofⅥりrdandta＄Pairs，Wherewiisthei－th

彿rdandtiisthei－thpart－0トspeechtag・F＝〈bl，ら〉，・・・，〈bm，L〉isaseqTlenCe

Ofpairsofsegmentandfeatures，WherebirepreSentSaSegmentandちrepresents

thefeatwesassociatedwithbi．WbusethenotationD甲（i）＝jtoindicatethat

thei・thsegmentinthesequencemodifiesthefthsegment・

Thesubscriptsm，andnstapdforthenumberofsegmentsandwordsinasen－

tence，reSpeCtivelyl’Listhesequenceofdependencies‥L＝〈D甲（1），D甲（2），・・・，Dq）（m－

1））．

Ingeneral，aStatisticalparsingmodelestimatestheconditionalprobability，

P（和S），forea血candidateparsetree昂forasentenceS・Inthedependency

analysis，thefinalgoalistoidentifyLratherthan昂・Ouraimistofindthe

L，彗TthatmaximizetheprobabihtyP（L，耳r［S）・

39



Themostlikelydependencyanalysisunderthemodelisthen：

訂gm弧P（エ，耳rlβ）＝訂gm弧ア（ムl耳r，β）P（ダIr，ぶ）ア（rlg）（2）

Vゐassunethatthecompositionofasegme血OnIydependsonword／tagpairs，

henceP（FIT，S）＝P（FIT），andassunethatadep？ndencystructweLcan

bedeterminedonlybysegmentfeatures，tlmsP（Ll雪T，S）＝P（LIF）・The

equation（2）isnowwritteninto‥

紺野n弧P（エlダ）P（ダ1r）ア（rtβ）

Fbrsimplicity；WeaSSumetha七themorphologicalanalysi＄andthesegnent

compositionarebothdetemimistic・Fbrthemorphologicalanalysis，WeuSethe

mostlikdyoutputoftheJapaneSemOrPhological血alyzerChaSen【33】・Fbrthe

segmentcomposition，WelほeafinitestatetranSducerconstruCtedfromregular

expressionsofword／tagpairs（seesec七ion3・2）・Inotherwords，間aSSu皿eP（TI

β）＝1andア（ダIr）＝1・

WhatweneedtodonowistofindLbestthatsa＾isfiesthefonowi皿gequaLion・

上古eβf＝紺野naXア（上げ）　　　　　　　　（3）

Supposethatea血dependencyrelationsare皿tuanyindependent・theright

handsideoftheequation（3）canbeexpandedaBfo1lows‥

P（エげ）＝n印彗ゴー軋‥・ふ）
i＝1

（4）

ThetermP（i彗jlち，．．．ふ）indicatestheprobabihtythatthesegmen七bi

modifiesthesegmentち，giventhesetoffeatures，ち・・・L，aftersegmentsare

ourm。deldefinestheprobabihtyP（i彗jIち，‥・ふ）astheproductof

HbadCollocationPrvbabiliiyandDisianceProbability・Thoseprobabilitiesare

definedbythefeaturesdescribedinsection3・2・

躇＝印彗jlたi，r電動ち，り，勒）

躇＝印彗ブlγi動毎動）
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ETindicatesLkadallocationPrDbabihtyforthedependencyrelationpairbiand

ち．符indicatesDistancePrDbabilityforthedependencyrelaiionpairbiandち・
NotethatthedefinitionofDistanceProbabilityusestherelationalandpunC－

tuationfeattuesofthemodifyingside，riandpi，nOtthemodifiedside・Thisis

beca闇etherelationtype，andtheexistenceofapunCtuationhaⅦCloserelation

tothedistanceofdependencypairofsegments・Atthesametime，WeaSSume

thatthefeaturesriandpieXplainthetendencyofthedistanCePrOpertyOfde－

pendencypairswell，thusDisiancePrvbabilityisaBSunedtobeindependentfrom

otherfeatures．

Theproductof肋dCbllocationPrDbabilityandDisiancePrDbabilitydefines
theprobabilityofthedependencyprdbめilityl

P（豆彗ブlち，…ふ）＝躇×躇

Thedivisi。nOftheprobabilityP（i彗jIち，．．．ふ）into躇and躇con－
tributetoreducethesparsenessoftrainingdata・

Thoseprobabilitiesareestimatedfromthetrainingcorpusbythefonowing

eqlユ如ions・

電子　琴

符　母

C（宜彗ブ，九i，rわpわち，り，勒）

C（九わrわ恥ち，り，勒）

C（豆彗j，γ古都毎朝）

C（ri，pわ毎，勒）

（7）

（8）

C（．．．）intheaboveequationrepresentsthefrequencyofthesetoffeahuresap－

pearedinthetrainingcorpus．C（i彗j，…）representstheh：equenCyOftheset

offeaturesofdependencyrelationpair・apPearedinthetrainingcorpus・

3・3・1TraimingofHeadCollocationProbability

Ideal1y；thewordformofthehedwordshouldbeusedastheheadf由血∬e

hi・But，then，headcollocationprobabihtysu鮎rsfromtheproblemofthedata

Sparseness．

Ⅵ汀iationsofthe HeadI屯ature

TbcopewiththeproblemofthedatasparsenessフWedefinethefo1lowingfive

VariationsofHbad CbllocationPrvbabilitythatdi鮎rsintheheadfeaturesu＄ed
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fortheprobabilityestimation・

躇＝．印彗jl九㌦‘，pわち，γj勃）

躇＝印彗ブlんゎrゎ扉j，り，み）

躇＝印空什射描，ち，り，勒）

抒＝印彗ブIq，γi灘勺，り，勒）

躇＝印彗律わr豆，pi，ち，り，勒）

（9）

（10）

（11）

（12）

（13）

Thesy血boltiisapart－0トspeechtagoftheheadwordhi，andthesymboIciis

thesemanticclasstha七hibelongsto・ⅥねusetheJqpaneSethesaurus‘Bunmi

GoiHyou，（BGH）［36］forthesem鋸止icclasse＄・TherearemanySmOOthingtech－

niques［11，23］・Ⅵ毎adoptedamethodsimi1artOback－0ff［8］est中ationforits

Simphcityofimplememiation・

BG＝isathesawusofsix←1ay9redabstractionhierarChyinatreeform，Where

morethan80，000wordsareanocatedattheleaⅦS・Wbusetheclassesa＾the

secondl町erfromthebottomofthehierarchicaltree・forthesemazrticclasses・Fbr

thelimitationofcomputationalresources，WedecidedtoselectthesemadicclaBS

a＾thesamelevelsinthethesawus，thoughvariouscombinationsoftheselection

ofsemanticclassesarepossible・hotherwords，themodellearns5v訂ia＾ions

（fromsecondtosix－thlayer）fortheequation（12）・

Whentraimingthemodel，WeeStimatealloftheabovestatistics・Themaxi－
m址ehhoodestima＾ionofthoseprobめilities（fromtheequahion（10）to（13））

canbecalculatedbythefo1lowingequations・

曙　光

館　岩

電7　記

符　琵

C（名望ブ，九i，γゎpi竜，り，み）

C（んi，ri，釣，ち，り，勒）

C（乞彗ブ，ち，r豆誹，ち，り，勒）

C（壬i，γゎ恥ち，り，勒）

C（乞彗j，q，r豆，p硝，り，勒）

C（q，γj，pi，匂，り，勒）

C（乞彗ブ，ま‘，ri，アポj，り，勒）

C（ち，γゎ恥ち，り，勒）
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Table7・Fbaturesusedforestimatinghead－COllocaiionprvbability・

Modifier　　　　　　　［　　　　　　Modifiee

PunCtuationHead Rela七ionType

非散布地域　より

非散布地域　より

非散布地域　より

非散布地域　より

発生率　　が

発生率　　が

発生率　　が

発生率　　が

高い　　基本形－と－の

高い　　　基本形－と

高い　　　基本形

高い　　　基本形－と－の

高い　　基本形－と

高い　　　基本形

調査結果　が

調査結果　が

PunCtuation

l

l

l

l

O

O

O

O

O

O

O

O

O

O

O

O

Head Relation’Type

高い　基本形－と－の

高い　基本形－と

高い　基本形の

高い　一

高い　基本形－と－の

高い　基本形－と

高い　基本形

高い　－

ある　基本形

ある　基本形

ある　基本形

ある

ある

ある

ある　基本形

ある

0

0

0

0

0

0

0

0

2

2

2

2

2

2

2

2

％iationoftheRelationType

Ⅱasegmentha展SuCCeedingfunctionwordsattheend，therelationtypeofthe

SegmentcannOtbeuhiquelydeterminedaccordingtowhichcombinationofthe

functionalwordsaretobeadopted．

Fbrinstahce，therelationtypeof3rdsegmentinTbble5hasa七1eastthree

Ⅵ血如ions，“と－の”，“の”，弧d“と”．

て払ble7showsthepatternsoffeatwesfor肋dCbllocationPrDbabilityestimar

tionforthedependencyrelationsin恥ble5・Notethatmodifier，srelationtype

alwayshastherightmostfunctionⅦrdsofthemodifierinitsconstituent，and

thatmodifiee，srelationtypealwayshastheleftmostfunctionword（theconjuga－

tionform，iftheheadwordhasconjugationforms）initsconstituent．Wtconsider

thattheright－mOStfunCtionwordcapturesthemodiaer，sproperty，andtheleft
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RelationType PunCtuahion Punctuation between SegmentsbetweenDe－

DependencyPair pendencyPair

より

が

形容詞／連用

が

1

0

0

0

0

0

0

0

1

0

1

0

1もble8．FbatwesusedforestimatingDistanCePrObability⊥

m。Stfunctionword（ortheconjugationfom，iftheheadwrdhasconjugation

forms）captwesthemodifier’sproperty・

ThemodelalsbcountSthecaBe血erethemodifieedoesnottaketherelation

type．Thosestatisticsareusedinthewaysimi1artobadi－0ff［8］method（see

section3．4．2）・

3．3．2Trainingofdistanceprobability

DistanceprDbabilityalsousesthemodifier，srelationtypeasafeatureofthe

probabilityestimation・Then，ifamodifierhassucceedingfunctionwordsatthe

end，themodelcanlearnadi鮎rentsetoffeatureswhi血d血rsintheportionof

relationtype・

Tbble8showsthepatternsoffeattuesforDistancePrvbabilityestimationfor

thedependencyrelationsin乱ble5・

Th。SeStatisticsareusedintheⅥ鱒ySimi1artoback－0ff［8】method（seesection

3．4．3）．

Thereareseveralapproachestoapproxima加theprobabihtyP（i彗jlち，‥・ふ）

inequation（4）．Inthefieldofstatistical－parsingofEnglishtext，Col血s［6］

proposesthemodelbasedontheconocationprobabilityofheadwords・Asa

comparison，WebriefiyexplainthestatisticalmodelofCollins［6】・

TbapproximatetheprobabilityP（i彗jIち，・・・ふ）inequation（4），Couins［6］
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。。nSideredtheprobability＿P：（RJ〈wi，ti），〈叫，ち〉）・Thisistheprdbabnityt中t

（Wi，ti）modifies〈叫，ち〉withrelationshipR，giventhatboth〈wi，ti〉and〈tpj・ち〉

appearinthesameSen七ence・Then，themaximlikehhoodestimateof筏（RI

〈wi，壬i），〈町ち〉）isasfo1lows：

烏（勘〈叫，まi〉，〈叫，ち））＝
C（月，〈叫沃〉，〈叫，ち〉）

C（〈叫沃〉，〈叫，ち〉）

C（〈wi，ti），〈wj，tj〉）isthem血beroftimesboth（wi，ti〉and〈叫，ち〉are＄een

inthesameSentenCeSinthetraimingdata・C（R，〈wi，ti〉，〈叫，ち〉）isthenumber

。ftimesboth〈h｝i，ti〉and〈叫，ち〉ares占eninthesameSentenCeSinthetraimig

dataandsimitaneOuSly〈wi，ii〉modifies〈叫，ち〉withrelationshipR・

Thenhemadethefonowingapproximation：

島（乞彗メータ，句や
為（利〈wi，孟i〉，〈叫，ち〉）

∑た＝1，…，m，た≠豆，p∈P葦bl〈叫沃〉，〈明，毎〉）

BgtandsforthesetofBaseNP，s，Whi血corTeSPOndstosegmentsinourmodel．P

standsfortheβetOfdependencyrelationships・Figurellillustra七esBaぷeNP’sand

dependencyrelations・DependencystruCtureSarederivedfromtreestruCtureSin

PennTreeBank．Ea血dependencyrelationishbeledbyatripleofamodifier’s

nonTterminal，aParent，snon－terminal†andahe鋸トd山d）snon－terminal・

NP S W VBD VP NP

Nア　　NP NP PPINI甲NP

f……　i［
NP PP

Pohn smith】　【the pre＄ident　】　of　［IBM］aqmouz）Ced　［his re＄ignation　］［y融rday　］

B＝（【JolmSmith］，［thepresident】，［IBM］，【hisresignation］，［yesterday］）

Figurell・AnexampleofBaseNPanddependencyanalysis

Theprobability貧（i彗j］？，B）intheCollins，modelisthecounterPartOf

P（湧jIら，．．．，Ln）ofowmodelinequation（4）・
Couins，modeldoesnot separa＾e Hbad collocationprvbabilityand Distance

Probabilityincontrastwithourmodel・

理彗ブ沌，…ふ）

雪印空ゴーんi，γi，p電，毎り，恥毎勃）
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Then，maXiⅡm皿likelihoodestimationofP（i彗jlち，・・・ふ）isdoneas

P（乞空jlら，．‥ふ）

′ヽ■′
C（摺ブ，転ri，pi，句，り，恥dゎ，pij）

C（九わri，恥ち，り，勒，毎，勒）

3．4ParSingAlgorithm

Inthissection，WeeXPlaintheparsingalgorithmunderthemodeldescribedaboⅦ・

First，間describetheactualparsingsteps，andthendescribebatk－Offmethodto

estimatedependencyprobabilities・

3．4．1ParSlngProcedure

Dependencyanalysisisexecutedinthefonowingorder‥

1．TbkemizeandtagtheinplユtJapaneSeSentenCe・

2．Identifythesegme血Sanddefinetheirfeatwes・

3．Calculatetheprobabilityofea血segmentpair・

4．Composethemost址ely（orn－best）dependencystructlⅡebasedonthe

statisticalmodeldescribedinsection3．3．Ⅵ屯useCKYalgorithminthis

Step・

．血thefirst占tep，WeuSethemorphologicalanalyzer，ChaSen［33］・Thereis

anambiguitywhenapplyinglearnedstatisticsatthethirdstep・Itcom占sfrom

thelengthofarelationname，andaheadfeahwe・Seesection3・4・2and3・4・3，for

thedetanedcalculationmethod．Inthefourthstep，WeCanuSeCKYalgorithm

（seesection3．4．4）toeff6ctivelyselectthemosthkely（rLbest）co皿binationof

dependencyrelations・

3．4．2　Back，0ffMethodforHeadCollocationProbability

Becauseourmodelusesthestatisticsoflexicalterms，thestatisticalmodelsu蝕rs

丘omthesparsedataproblem・
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Byusingtheequation（9）・・・（13）takeupinsection3・3・1，Wedefinethe

fo1lowingthreemodels・

POSmodel（13）

LEXmodel（9），（10），（11），（13）

BGHmodel（9），（10），（11），（12），（13）

FbreadlOftheLEX，POS，andBGHmodels，thesystemsear血esthestatis－

ticaldahausageinthefouowingorderinthewayofbad←0ffmethod・

●aheadword→aPOStag

●aheadword→aSema血icclass→apOStag

Fbrthelengthofeachrelationtype，thesystemsearChesthestatisticaldata

fromlongerrelationtypes・TheparsersearChesstatisticaldatainthefo1lowing

order．

Consider the case to estimate Hbad Cbllocation Prvbabilityofthe relation

3→4intheexampleinTbble5，undertheLEXmodel・Fbrthefirsttime，Our

parsersearchesthesetsoffeaturesshcwninthefo11owingdrder：

rj Pj PrObability

が　2　notfbund

が　2　　　0．7

が　2　　　0．6

が　2　　　0．6

が　2　not払und

が　2　　　0．7

が　2　　　0．3

が　2　　　0．6

2　　　　0．4

ん豆　　曇　pi　ち

1　高い　と－の　0　調査結果

2　形容詞　と－の　0　調査結果

高い　と－の　0　　名詞

3　形容詞　と－の　0　　名詞

4　高い　　と　　0　調査結果

5　形容詞　　と　　0　調査結果

高い　　と　　0　　名詞・

6　形容詞　　と　　0　　名詞

7　高い　と－の　0　調査結果
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1．Sear血threesetsoffeatwes，“hi，ri，Pi，ち，rj，Pj”，and“hi，ri，Pi，ち，1j，Pj”，

and“壬i，ri，Pi，ち，rj，Pj”，thahhasatleastonelexicalterms・

2．1F（aprobabilityisdefinedforthosefeatures，）

iusetheaⅥ那喝eOfthefoundvaluesastheHbadCollocaiionPrDba－

は軸・）

且エぷβ

Sear血“ち，ri，p電，ち，り，勒”

1F（aprobabilityisdefinedforthesearchedfeatwes，）

（usethatⅦ1uea5theHbadCbllocationPrvbability・）

且工甜

1F（themodifiee，srelationtyperjnOtnul1，）

（deletetherightmostmorphemeofrjandrepeattheprocess

鉦oml～2．）

属エぷβ

IF（themodifier7srel誠iontypeγ写COnSistsofmorethanOne

morpheme，）

‡recoverりtOtheoriginal1engthanddeletetheleftmost

morphemeofri，andrepeattheprocessl～2・）

属エ£β

（usepre－determinedprobability3，aSthe助adCollocation

伽払あ血y・）
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ThefirstcolⅧm皿inつもble3．4．2showstheorderthatthesystemsearchesthe

statisticaldataforthefea＾wesinthesecondcolⅥ∬nn，andthethirdcolumnindi－

catesthedependencyprobabilitiesforthesefeatures．Supposetheprobabilities

aredefinedaぶShm・aboⅦ，theprobabiutyas Hbad CbllocationPrvbabilityis

calculatedbythea㈹rageOffoundprob止ilitie弓aS（0．7＋0．6）／2＝0．65．

3．4．3　Back＞0ffMethodforDistanCeProbability

TheparSerSear血esthedataforDistancePrDbabilitythatha占longerrelationtype

withhigherpriorityl

Considerthecasetoestimate DistancePrvbabilityoftherelation3→40f

x：theexampleinTむble5．Fbrthefirsttime，OurParSerSearChesthesetoffeatures

“の－ようだ（連用）000”・Ifaprobabilityisdefinedforthesefeatures，theparSer

usesthatprobabihtyasDistancePrDbabiliiy・Ifaprobabilityisnotdefined，the

parsersear血esotheffeatl∬eS“ようだ（連用）00’0”（theleftmostmorphemeof

therelationtypeisdeleted）・Ifnodataisfoundforanyvariationoftherelation

type，theparseraBSignspre－determinedprobability4・

3．4．4CKYAlgorithm

Undertheconstraintsinsection3・1，CKYalgorithm（e・g・［22，54】）isapplicable

tofindthemostnkely（orn－best）dependencystruCture．CKYalgorithmrequires

CFGrulestobeinChomskyNorhalFbrmandnottocontainetranSitions．By

regardingadependencyrelationasabinarytreestruCture，itisstraightforward

to・qpplytheCKYalgorithmtodependencytreeanalysis・

Figwe12illustraAestheCKYalgorithmforselectingthemostlikelycombi－

nationofdependencyrelationsofasentenceconsistingoffowsegments・The

Symbolii，jSpeCifiesthesegme血SequenCeOflengthjstartingfromthei－thseg－

ment・TheconstruCtionofiiLifromまi，kandti＋kd－kCOrreSpOndstoaddingnew

dependencyrelationk→J・

hTめ1e12，COnStruCtionoftl，4fromtl，1andi2，3addsthedependencyr占1ation

l→4・TheprobabihtyofthaAdependencystruCtureiscalculatedfromtheproduct

OftheprobabilityofdependencystruCtureSOfil，1，i2，3andtheprobabilityof

4wesetthisvaluetoO．00001
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≡‾ll≒書≒≡≡≡二

Figure12・CKYalgorithm

dependencyrel誠ionbetweenthelstsegmentandthe4－thBasePhrase・Ea血

preserveSthemost－1ikely（orn－best）dependencystruCtureanditsprob

3．5　TrainingandTbstCorpora

Fbrthetrainingandevaluationofourmodel，WeuSeEDR［9］bradketedcorpus

andKyotoUmiversityparsedcorpus［27】・EDRcorpusismainlyusedforthe

evaluationofbasicstatisticalmodelandthesubordinateclausemodel・Kyoto

UmiversitycorpusismainlyusedfortheevaluahionofthecoordinatestruCture

model（Chapter6）・

3．5．1EDRCorpus

EDRcorpuscontainsabout208，000sentencescouectedfromnewspapersand

magazinearticles．Wbusemorphologicalandstructural（bracketing）informa＾ion

containedinthecorpus・

Figwe13showsaneXamPleofasentencefromEDRcorpuswiththemorpho－

logical，andstruCturalannOtations・Thefo11cwingsy血acticcategoriesareused

血EDRcorpus：

名詞（れ此れ）、動詞（∽rわ）、形容詞（頑edねe）、形容動詞（d頑ec如e）、

連体詞（α血m豆乃αJ）、副詞（α血erむ）、接続詞（co可視れ成0乃）、数字（m祝m）、

感動詞（加ゎγブed加）、助詞（pαr壬豆cヱe）、助動詞（仇寓翫叩）、

語尾（可gec朗0れ）、接頭辞bre′叫、接尾辞（叫〝呵、記号向mむ0り

Notetha＾thecategory“動詞”isassignedtoaverb－Stemandconjugationpart

50



1　種　住宅　は　ここ　数　年　、’20　　の　　倍　　台　　倍率　だっ　　た　　。

数字名詞　名詞　助詞名詞数字甚尾辞　記号　数字　助詞　凄尾辞凄尾辞　名詞　助動詞　助動詞　記号

Figure13．ExamPleofEDRbracketedsentence・

a句ectivesandauxiliaryⅦrbs・

General1yspeaking，elementsofbracketedEDRsentencesarefinerthanSeg一

皿ents producedby our parser・Wb decideto correct dependency relation of

SegmentSinthefo1lowingway：

1・Ifour segmenta＾ionofasegmentandthe segmentationofEDRcorpus

con且ict＄，thesegmentisaBSumedtomodifythenextsegment・

2．Otherwise，themodifieeofsegmentisdefinedbythebracket血gassignedto

anelemehtinEDRcorpusthatmatchesthelastpartofmodifierstring．

FiglNe14illustratesthisproce＄S・TheupperpartOftheFigure14indicates

thestruCtureOfabra虎e七inginEDR，andthelowerpartoftheFigwe14indica＾es

thedependen？yrelationderivedfromthestruCture・

InFigure14，yOuCanSeethatthesecondelementinEDRcorpusmatches

thelaBtelementofthefirstsegment．SupposethatthesecondelementinEDR

COrpusmodifiesthesixthelementinEDRcorpus・SincethesixthelemehtinEDR
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1－＞2　2－＞6　3－＞4　4－＞6　5－6　6－＞9　7－＞8　8－＞9

EDR

文節

。　　　口　＿軋J＝江「剋
私事　を　他人　に　公開　さ　せ　な　い

私事を　　　他人に　　　公開させない

1－＞2

1一＞3

Figwe14・E血actionofadependencyrelationfromabradetedEDRsentence・

corpusbelongstothethirdsegment，WeCOnCludethahthefirstsegmeI止modi丘es

thethirdsegment．

SomeEDRsentenceshavebra血etingerrors．ConsidertheexampleofFig－

we13．Theactualorderofthemorphemes“20の倍台倍率だった”shouldbe

“20倍台の倍率だった”，Whi血containstwosegments“20倍台の”and“

倍率だっt”．ButinthebradetedstruCtWe，theorderofword“の”ispermuted，

thusthesegmen七“20倍台の”modi卑esitself，Whichisawrongdependency

relation．Ⅵ毎donotusethesesentencesforbothtraimingandevaluaiion・

Ⅵ毎deletese血encesthatfailtosegme血correctlybyoursegmenttranSducer

（becauseoftheerrorofthemorphologicalanalygis），OrthathaswrongdepenT

dencyrelationbecauseoftheerrorsinEDRcorpusorcrosslngOf血dependency

relations．Astheresult，themlmberofthewholetraimingandevaluationsen－

tencesbecomes206381．

3．6　EⅥ山uation

Wtdividethebracketedsentencesobtainedsofbxintotwentyfi1es．Oneofthese

fi1esisheldoutforelぬ1uationandothersareusedfortraihing．
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3．6．1EvaluationMeasure

Astheevaluationmeaswes，ⅦuSethefo1lowingsegmentlevelandsentencelevel

PreCision＄・

SegmentLevelPrecision

SentenceLevelPrecision

M。。監詣法号喜恕忠霊。tly
M。。追ま忠霊慧篭留霊監慧冒怒㌔ys血

TheNumberofSentencesinwhi血

M慧毘監禁光悪評S
TheNumberofSentencesinwhich

ModifieesofantheSe
areEstimatedbythe院

3．6．2　ResultsofSegmentLevelPrecision

Figure9sho耶theresultsunderourmodel・Therowinwhi血Distancehatures

is“ノ，indicaiestheresultswithout DistancePrDbabihty（inotherwords，Dis－

tanceprvbabilityisalws“1”）・FigwelOshowstheresultsundertheCollins’

modelexplainedinsection3・3・3・Bothofthemodelaretrainedbyabout19，000

sentences，andevaluatedbyheldoutlO，000sentences・

BGHhasasix－1ayeredabstractionhierarchy；inwhichmorethan80，000words

areallocateda七theleaves．Fbrthe山n比ationofcomputerresources，WeCannOt

useal1thecombinationofwordclasses（thecombinationofamodiBerandmodi－

fiee）．Wbtesttheco血binationsofs読1edepthofl叩erSfromsecondtothesi》th・

heitherexperimeht7theHぬdChllocationModelusingsix－ihlayerof，Bunmi

GoiHyou，（BGH）【37】exhibitedhighestprecisionintheBGHmodel二Therefore

“BGH”intherestofthisChaptermeanStheBGHmodel血ichusesthesix－th

layerof，BumiGoiHyou’・

AscanbeseenfromTbbles9，themodelunderLEX＋dst2showsthehighest

precision．Butthedi鮎rencebetmentheresultoftheLEXmodelandthePOS

modelisnotsolarge．

Unexpectedly；ineithermodelofLEX，POS，BGH，theprecisionunderthe

modelusingdstlislowerthanthemodelthatdoesnotuseDisianceProbability・

Thismaybebecausewhenusingexactco皿tOfsegmentsasthedistanCemeaBure，
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Tbble9．Precisionofcorrectdependencyrelationsunderourstatisticalmodel・

HeadFbatures

POS LEX BGH Ba5eLine

O．7615　0．8001　0．7710

0．6670　0．6836　0．6633

0．8649　軋8餌9　0．8524　0．6237

0．8637　0．8675　0．8524

0．8626　0．8674　0．8534

DistanceFbatures

dstl

dst2

dst3

dst4

1もblelO．Precisionofcorrectdependencyrelations・Underthemodelequivale血

toComns‥modeモー　　　き喜　＿些＿＿

DistanCeFb血es‖pos LEX BGH

dstl

dst2

dst3

dst4

0．7954　0．8146　0．7666

0．8131　0．8189　0．8094

0．8021　0．8169　0．7775

0．7722　0．7987　0．7483

theproblemofdatasparsenessbecomesmoreapparent，andtheplausibihtyofthe

estimatedprobabihtymaydecrease・Infact，thefrequencyofusageofDistance

PrDbabilityestimahedfromthecasesfewerthan10was4009forthedstl，in

co血trasttothe398forthedst25．

FbrauthevariationsofdistanCemeaSu∬eWeteSted，theBGHmodelperformed

poorerthanthePOSmodel．Thisresultmsconstantforchangingtheamount

oftraimingdata・Onereasonwi11bethatthehierardyofJapaneSethesaurus

‘BmiGoiHyou，doesnotreaecttheheadwords，preferencesforthedependency

relation．

WhenevaluatingCouins，Model，WeteStedsmoothingmethodssuchas血ear

interpolationusedinCollins［6］，andba血offmethodusedinourmodel・TbblelO

5EvaluatedwithlO，000sentences．
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s加ⅣStheresultsofthemethodthatexhibitedhigherperformanCe・Underthe

Couins，model，LEX＋dst2exhibitedthehighestperformanCetOO・

Ascanbeseenfromlもbles9andlO，OurmOdelexhibitedhigherperformanCe

thanCollms，model．InthetraimingofdependencyprobabilitiesinJapaneSe，

relationtypes6areincludedintheconditionalpartOftheprobabilityestimation

ofadependencyrelation，Whichmakestheproblemofdatasparsenessseverer

thanthecaseoftraiminginEnglish・Astheresult，OurmOdelthatseparated

肋dCbllocationPrvbabiliiyandDisiancePrvbabilityshowshigherprecisionin

dependencyanalysisofJapanesesentences・

ThefouowingistheexamPlesthathaNethemodifierwho＄emOdifieeestimated

correctlyintheLEXmodel，butinco汀eCtlyinthePOSmodel・Thesign“○”

showscorrectmodifieeofthemodifiersurroundedbyabox，andthesign“×”

showstheestimatedmodifieebyourmodel（POSmodel）・

・ダライ・ラマは，匝旦蛙。東チベットに影響力を壁三千き駐×
（TheDalaiLamahadinAuenceonEastTibet，eSpeCial1yonLhasa）

・回蜃生を×準垂些型も明かにされた・
（Theo山StandingcharaJ：terOfthehrnacewasrevealed・）

Inthefirstexample，thehighco址ocationofthedependencyrelation“【名詞】

を（noun＋wo）→中心に”doesnotovemidethelowcollocationofca£eParticle“

を（wo）”弧d“に（nり”・

InthesecondexamPle，thedependencyrelation“［名詞］の．優れだ’isanat－

uralexpressionasyoucanSeeintheexpressionssuchas“性能の優れた（high

performanCe）”・Butwhenyoサlookclosertothelexical1evel，“炉の優れた（？？）”

isunnatWal，andtheprobabihtyofthedependencyrelation“炉の→特性（the

propertyofa餌rnace）”becomeshigherthanthatof“炉の→優れt”

Onthecontrary，thefonowingistheexamPlethathasthemodifierwhose

modifieeestimatedcorrectlyinPOSmodel，butincorrectlyinLEXmodel．

・決ったことは周知の畢サギ壁。新渡戸には議論が旦三塁ニ×

6FbrtheequivalenceinCo11ins，model；SeeSeCtion3・3・3
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Figwe15・PrecisionofcorrectparseswithinDbestparses・

Inthiscase，thefrequencyoftheappearanCeOftheword“ある”i8Verylarge，

andanounPhraseoranequivalenttoanounphrasewouldmodifies“ある”with

thehighprobability・

Ascanbeseenintheaboveexamples，thereisacaBethatusinglexical1evel

informationleadstoⅥOngeStimation・ButinaNerage，WeCanSaythatlexical

1evelinformation∈山owsthemodelmorea．ccura七eesti皿ationofthedependency

probabihty，1eadingtohigherprecisionundertheLEXmodelinsegme血1evel・

3．6．3PrecisionofCorrectDependencyStruCtureS

WbeⅦ1uatethesentencelevelaccuracyinthissection・Asentenceisregardedas

correctifthetotal1ycorrectdependencystruCtureisfoundinthen－bestparseS

oftheparser，Wherenisapredeterminedvalue・
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Fbrthe evaluationofsentencelevelprecision，We uSedtheLEXmodelfor

HbadCollocationProbabilityanddst2forDisiancePrvbability．Wbtrainedthe

modelwithabout19，000sentences，andevaluatedthemodelwithheldoutlO，000

SentenCeS．

InFigure15，thex－aXisshowsthevalueofnwhencalculaAingn－bestpar＄eS，

andthey－aXisshαⅣSthevalueofsentencelevelprecision．Figure15showsthe

resultswithdistinctlinegraphs，aCCOrdingtothenumberofsegmentsinasen－

tence．Them血mnumberofsegmentsofthesen七encesintheeval血tiondata
wa占28．

The possible number ofdependencystruCtureS ChangeSinaccordanCewith

thenunberofsegmentsinasentence・FbridanCe，aSentenCewith6segⅡ1entS

haB42possibledependencystruCtureS，aSentenCewith6to9segme血Shas163

to1430possibledependencystruCtureS7・Thelineargrowingnunberofphrwes

inasen七enceleadstotheexponential1ygrowingnumberofanalysis，1eadingto

exponential1ygrowing degreeofdi缶cultiestoestimatecorrectanalysis ofthe

Wholedependencyrelationsinasentence．

Figure15showsthatthesentencelevelprecisionforsentenceswith7to9

Segme血SaCCOmPhshesover75％，byconsideringlO－bestparse＄．Inthecaseof

Shorterse血ences，Whosenunbersofconstituentphrasesarelowerthan6，the

SentenCelevelprecisionaccomphshesnearly95％，byconsideringlO－bestparses．

The se血encelevelprecisionforthesentenceswhosenumbersofconstituent

phraBeSarebetweenlOand28ispoor・Ⅵ屯canSaythatisthepredictableresult，

COnSideringitslmgenuhberofpossibleparses（4，862～0．exlO9）．

3．6．4EvaluationforDependencyRelations

Wらexaminetheprecisionforea血relationtypeasshcwninlもblell．Thefirst

COlu＝mShowstherelationtypes，Whichconsistsofaword，atag，anCOnJugation

form．ThesecondcolumninTbblellindicatesprecisions．Thethirdcol

indicatesthefrequencyofcorrectrelationtypes．Therightmostcohmnisthe

totalnumberofdependencyrelations・

Fbrthetraimingandevaluation，WeuSedtheLEXmodelforHeadCbllocation

Probabihtyanddst2fbrDistancePrvbability・Wetrainedthemodelwithabout

7た（m）＝∑≡2た（宜－1）＊たわ一盲＋1）；頃1）＝た（2）＝1
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Tbblell．Precisionexaminedbydependencytypes・

relationtype（Ⅶrd／tag／conjugationfom）　precision correct

の′名詞接続助詞′（no′noun－CO如e′）琵藁

／形容詞／連体（／adjective／attributive）

を／格助詞／（wo／case－particle／）

に／格助詞／（ni／case－particle／）
503

978

696

5115

1379

721

580

1586

1706

1015

980

6276

960

［車重］

医一一＝する／動詞／基本（s肌／Ⅶrb／sentence戎皿d）　0・9047

形容詞／連用（／a功ective／copjunCtive）　　0・8923

と／述語接続助詞／（to／Ⅶrb－COnjunCting－Particle／）0・8878

が／格助詞／（ga／case－particle／）　　　　0・8856

／動詞／基本（／verb／sentence一final）　　　0・8828

／動詞／タ形（／Ⅶrb／takei）　　　　　0・8594

が／述語接続助詞／（ga／vert＞COnjunCting－Particle／）0・8529

と／格助詞／（to／caBe－particle／）　　　　0・8450

も／副助詞／（mo／particle／）　　　　0・8412

で／格助詞／（de／case－particle／）　　　　0・8306

だ／判定詞／テ形（da／declarative／tekei）　　0・8263

は／副助詞／（ba／p訂ticle）　　　　　0・8037

／動詞／テ形（／verb／tekei）　　　　0・8033

1186

7809

1195

1495

［亙
1192

1190

838 1115

／時相名詞／（／temporal－nOun／）　　　0・7973

／普通名詞／（／common－nOⅦn／）　　　　0・7599

／動詞／連用（／verb／conjunCtive）　　　0・7516
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19，000sentences，andevalua＾edthemodelwithheldoutlO，000sentences・

ThefrequencyofthesegmentswhoserelationtypeshaNe“ぽ’（topic－maKking

particle），時相名詞（temporal－nOun），普通名詞（common－nOun），動詞（verb）in

c。njunCtiv㌣form（verbmodificationfom），arehigh，buttheprecisio鮎Ofthese

relationtypesarelow・Ⅵ屯canSa鹿1ysaythatthoserela＾iontypeshaNegreat

influenceontheperformanCeOfdependencyanalysis・

Thetemporal－nOun（時相名詞）sometimesmodifiesverbsappearingfbrin

distanCe，Whiletimeanddateexpressionssuchas春（spring），朝（morning），3月

（Mar血），SOmetimesconstruCtSCOmpOundnounSwithneighboringnounS・This

is。ne。fthereasonthattheprecisionoftempor止noun（時相名詞）islow・

Anoun＋punCtuationpatternisalsoaproblematiccase，beca闇eitcanbea

c。nStitue血tofacoordinatestruCture．Ⅵ髄1eitbehaveshkeanadwrb（temporal

n。unandadverbialnoun）orformSSubordinatecIzmses（“場合，”（incaBe），“結

果，”（誠areS山t））・

Theparticle“ha（は）”and‘Lverb／conjunCtive”canCOnStruCtSubordinateclauses

inJapaneSe，andinsomecases，itisdifBcultevenforlmmanStOCOnSistentlyde－

七飯mheitsmodifiee．

Alm。Stalloftherelationtypeswboseprecisionarelo間rthan70％alsohaⅦ

lowerfrequencyinatrainingcorpus8・Theseare名詞性名詞助数辞（nominalnoun

mitsufh），名詞接続助詞（nounCOnjunCtionparticle），副詞的名詞（adverbial

noun），形容詞性述語接尾辞（adjectivalpredicates血）・述語接続助詞（predicahe

conjunCtiveparticle），動詞性接尾辞（verbals血）・TheseareanfunctionTOrds・
InourcⅥ∬entimplementation，aufunctionwordsare軋れherramifiedbylexical

termswhendefiningrela七iontypes・Itmaybee鮎ctivetodefinerelationtypes，

soasnottodistin即ishrelationtypesforthehnctionwordswhosefrequencyin

thetraimigcorpusarelow・

Thec。。rdinatestruCtureandsubordinateclausearemajorcausesofambi－

guityinlongJapaneSeSentenCeS・Itisa施odifRcultforhumanStOdecidecorrect

dependencyrelationsfbrthesentenceswithmanysubordinatecla闇eSOrCOOr－

dinatestruCtureS，becanseofthea＝ibiguitiesofsemadiclevel・‘Fbrthecases

oftopicaLzation，SOme血guistssaythatthesemodifiersmodifymorethanOne

8IntheserelationtypeS，0nlythe・relationtype“など／名詞性名詞接尾辞／”hasmorethan

100frequencylManyofthemarelowerthanlO・
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modifieesonitsright．

Oneapproachistolea㈹thedi缶cultcasesunSpeCified・Thisdoesnotconfiict

thepurpos占ofusingthesystemforotherapplica七ionsu血aBinformaiionretrieⅦ1，

knowledgeacq血ition，andmachinetranSlation，becauseitis加rabletooutput

reliablepartialparsesratherthanOutPutuUehablefunparSeS・Buttojudge

whichdependencyrelationisreliableandwhi血isunrehableisanotherproblem・

Section4discussesthisproblem．
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4．ApplicationofDependencyProbability

SuEicientlyhighperformanCeOfdependencyanalysiswinbegreathelpforappli－

cationssuchasacqmig血guisticknowledge，maChinetranSlation，informa鳥ion

extractionandsoon・TheperformanCeOfdependencyanalysisweachievedin

Chqpter3isabout87％bythesegme血1evelpreci＄ion，Whichisnots膿cientfor

thes占applications．

htherestofthissection，Wewi11proposeextendedusa＄eSOftheprobabili－

tiesthatthebasicstatisticalmodel（seesection3・3）assigntoeachdependency

struCtureS（relations）・

Section4・1describessta＾isticalpartialparsingmethodbaBedontheprobabil－

itiesofdependencyrelations．Inthissection，WePrOpOSethreemea5ureSthatwi11

bee鮎ctiveforjudgingtheplausibilityofeachdependencyrelation，andshow＄

thesemeaswes氏皿Ctionproperlyforthestatisticalpartialparsing．

Section4・2describessta＾isticalredundantparsingmethodbasedontheprob－

abihtiesofdependencyrelations・hthissection，WeuSethreemeasuresproposed

insection4．1，andshowssomeofthosemewuresfunctionproperlyforthesta－

tisticalredunda血paJSingaswen．

Thesewaysareadaptablefortheparserbasedonotherstatisticalmodels・that

assu皿eSindependencebetweendependencyrelations．

4．1PartialParSlng

Thepartialparsingisthemethodtooutputonlyreliabledependencyrelations

andachievehigherprecisionunderanaNailablestatisticalparser．hotherwords，

Partialparsingisthemethodthata血ieveshigherprecisionatthecostoflower

recal1．Tbselectpla闇ibledependencyrelations，Weneedsomemeasuresofrelia，

bility・

Wもproposethefo1lowingthreemeasu∫eStOSelectplausibledependencyre－

1ations・Thesemea5ureSarealsousedintheRedund由止Parslnginsection

4．2．
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Globd A氏ercalculatingn－bestparSeS，SunuPtheprobabilitiesofal1

dependencyrelationtha七appearinthen－bestparses・Then

normahzethetotalsumoftheprobabilitiesofea血depen－

dencyrelationbythetotalsunOftheprobabilitie＄Ofnparses・

btio／next Sortcandidatemodifieesofea血segmentaccordingtothe

probabilityofeachdependencyrelation，thencalculatethe

ratiooftheprobabilityofthefirstcandidatetothatofthe

secondcandidate．

Local／norm Dividetheprobabilityofeachdependencyrelationbytheto－

talsumoftheprobabilitiesofcandida七edependencyrelation・

InGlobal9，We＄etth占valueofnto50・hRatio／next，W℃COnSiderthat

theratiobetweendependencyprobabilitiescanbedistinctivefactorforjudging

plansibihtyofeachdependencyrelation・hLocal／norm，WeCOnSiderthatthe

proportionofaprobabilitytothetotalprobabilitiesofcandidatedependency

relahionswouldbeagoodindicatorforjudgingplausibilitythantheprobability

ofadependencyrela点onasitis・NotethatR且tio／nextandLocal／norm

calcula＾eodyone－bestparse，WhereaBGlobalneedstocalculate50－bestparses・

4．1．1Algorithm

ByusingthemeaBtUeSdefinedabove，Partialparsingisdonebythefo11owing

StepS．

1．Calculatethemeasuresdefinedabove（htherestofthisdissertation，We

cal1thesemeasuresas”confidencevalue”）・

2．Fbreach＄egment，Choosethedependencyrelationthathasthehighest

confidencevalue．

3．Fbreachdependencyrela七ionchoseninthepreviousstep，iftheconfidence

valueislargerthanthepre－determinedthreshold，OutPutthedependency

relation．

9Fbrthedetail，S恍【20］

L
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4．1．2　Evaluation Measure

TherruInberofestimateddependencyrelationsbyusingpartialparsingmethod

血angeSinaccordanCewiththethresholdinstep3・Wbevaluatetheperformance

ofpa血alparsingmethodbythefo1lowingsegmentlevelprecisionandcoverage・

Segme血LeⅦ1Precision

SegmentLevelCoⅦrage

Tbe
Modifiee 習謡慧て喜悲恋叫

習露悪監禁謂芸㌫ely
Tbe

M。云監習露悪篭監禁…庶芸uely
TheTbtalNu血berofDependencyRelaLions

4．1．3］Results

Ⅵ屯usedtheLEXmodelforHbadCollocationPrDbabilityanddst2forDistance

Probabiliiy・Figure17showstherelationshipbetweenprecisionandcoverage

whenchangingthethresholdusedinthestep3insection4・1・1・Thex－qXis

showscoⅦrageandy－aXisshowssegmentlevelprecision・

Figure17showstha鳥a11threemeasuresfunctionproperlyforstatisticalpartial

parsing・hotherwords？bychangingthethresholdvalue，間CanadieⅦdesirable

degreesofprecision・

Comparingthreemeasuresdefinedabove，Local／normandR如io／nextbe－

hzwesalmostequa11y・Globalexhibitsalittlelo間rpreCisionintherangeOfO・4

too．90fthecoverage，butalittlehigherprecisioninotherrangeCOVerage・And，

whenusingGlobal，COⅦragedoesnotbecomelowerthanO・28，Whi血means

28％ofsegmentshaweuniquemodifieesin50－bestparses，tlmsconfidencevalue

takesthemaxi皿Value“1”．Asaresult，theserelationsarealwaysdlOSenaB

aplausibledependencyrelationsbythepartialparSer・

htemsofanalysisspeed，Local／normandR加io／nextonlyneedtocal－

culatethebestanalysis，WhereasGlobalneedstocalculate50－bestparses，and

resultsinslowerpartialparsingspeed・WもalsotestGlobalwithlOO－bestpa∫SeS，

buttheprecisiondoesnotimprovesomuch（aboutO・5％atmost），althoughthe

analysisspeedbecomesⅡmChslower・
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Inconclusion，atleaBtunderourstatisticalmodel，partialparsershoulduse

Local／normorRatio／nextthanGlobal・

4．2　RedundantParSlng

Theredundantparsingisthemethodtooutputauequal1yplausibledependency

relationsofthesamemodifier，anda血ievehigherrecal1under▲anaNai1ablestar

tisticalparser・Inotherwords，redundantParSingisthemethodthatadieves

higherrecal1atthecostoflowerprecision・TbselectequalbTplausibledependency

relations，Weneedsomemeasuresofreliabihtyl

ThesamemeaSWeSdefinedinsection4．1canbeusedforRedundantParsing・

4．2．1Algorithm

l．Calculateconfidencevalues（definedinsection4・1）foranthedependency

relationsin asen七ence．

2・Outputallthedependencyrelationsinthebestparseofasentence・

3．Outputal1thedependencyrelationswhoseconfidencevaluesarehigher

thanthepre－determinedthreshold・

4．2．2　Evaluation Measure

ThenuniberofoⅦr－generateddependencyrelationsbyuslngredunda血parsing

changeSinaccordancewiththethresholdinstep3・Ⅵねevaluatetheperformance

ofredunda血ParSingbythefo1lowingsegmentlevelrecal1andredundanCyrate・

SegmentLevelRecall
M。濫詣慧霊宝濫窓招芸ctly

TheTbtalNumberofDependencyRelations

SegmentLevelRedundanCyRate
TbeNu怒乾£…監鞄㌘e励0が

TheTbtalNumberofDependencyRela七io：

66



4．2．3　Results

WbuseLEXmodelforHbadCollocationProbabitityanddst2forDistancePrDb－

ability・・W占usetheplausibilitymea£u∫edefinQdinChapter4・1・
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Figure18・Rela七ionshipbetweenrecal1andredundancyra＾e・

Figure18showstherelationshipbetweenrecal1andredundancyratewhen

血angingthethresholdusedinthestep3insection4・2・1・Thex－ajdsshows

redundanCyrateandthey－aXisshowssegmentlevelrecal1・

ItisseenthatGlobalandRatio／nextfunctionproperlyforstatisticalredun－

dantparsing．hotherwords，bychangmgthethresholdvalue，yOuCanaChieve

desirabledegreesofrecal1・OnthecontrarytOtheFigure17，Figtue18shcwsthat

Local／normexhibitsextremelypoorerperformanCe・Globalachievesaboutl

％higherrecal1thanRation／next・ButwbenusingGlobal，reCal1doesnot

becomehigherthan99％・Thisisbecausehowlo間rthethresholdvalueisset，

itcannotachievelOO％recal1，ifn－bestparsesdonotincludewholecorrectde－

pendencyrelations・Becausethelineargrowingnumberofsegmentsleadstothe
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exponential1ygrowingnumberofpossibleanalysis（seefootnoteinsection3・6・3），

usinglOO－bestinsteadof50－bestinGlobaldoesnotchangeSO皿Chtheupper

limitofredundanCyrate・Inhct，COmParingtheredundancyratebetweenuslng

50－bestparsesandusinglOO－bestparsesinGlobal，thediEbrenceisohlyO・6％・

Inconclusion，・atleastinol∬mOdel，Ration／nextperformsbestforthe

purposeofpartialorredundantparsing・Besides）ifspeedisnotsoimportad

andtheaccuracydoesnotneedbemorethan99％，WeShoulduseGlobal・
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5．Statistical．ModelforSubordinateClauses

hdependencyanalysisofaJ叩aneSeSen七ence，amOngVarioussourceofa血bi－

guitiesinasentence，dependencyambiguityofsubordinateclausesisoneofthe

mostproblematicones．Ingeneral，dependencya＝ibiguitiesofsubordinateclauses

causescopeahbiguitiesofsubordinatecla闇eS，Whichresultinenormousnumber

of白yntaCticambiguitiesofothertypesofphrasessu血aBnOunPhrases・

InthisChapter，WePrOpOSeaStatisticalmodelofsubordinatecIzmseswhich

takesi血OaCCOuntthescopeembeddingpreferenceofs止bordinateclau駅Smanu－

anyanalyzedbyMinami［341，Minami［35】弧dShirai［44］（seeChapter2・4）・

Themostimporta血POintofthestatisticalmodelofsubordinateclausesis

thatthemodelconsidersthe‘beyond”relationbetweentwosegments．Mostofal1

statisticalpamingmodelincludingourbasicstatisticalmodeldefinedinChapter3

considerthe“modibr”or‘botmodify”relations，butthemodeldescribedhere

considers“modify”or’beyond”relations・

ThemodelleamtherelaLionofscope＄Ofか卿OSubordinateclause＄（祀血one

oftwoscopesiswiderornarrOWer）fromacorpus，aSatendencyof‘beyond”or

“modiy，，basedontheco血binationofmodifier’sfeatwesandmodifiee’sfeatures・

Theotherpoi血is，WeSelecte鮎ctivesetoffeatt汀eSautOmatical1ybyasta－

tisticalmethod．weemplqythedecisionhstlebrningmethodofYおowsky［52】，

Whereoptimalcombinahionoffeaturesareselectedandsortedintheformof

decisionrules，aCCOrdingtothestfengthofco－relationbetTmenfeattuesandthe

dependencypreferenceofthetwosubordinatecla闇eS・

5．1Definition ofSubordina七e Clauses

ThisChaptergivesthedefimitionofwhatwecal1a“JapaneSeSubordinaleclausd’

throughoutthispaper・First，aSWedescribedinsection3・4，aninputsentenceis

SegmeI止edi血OaSequenCeOfsegments・Then，aClauseinasentenceisrepresented

asasequenceofsegments・

SincetheJapaneSelanguageisahead－final1anguage，theclauseheadisthe

finalsegmentinthesequence・E血segme血general1yconsistsofasetofcontent

WOrdsandfunctionwrds．FbrthedetailedgrammaticaldefimitionofaJapaneSe

Subordinateclause，SeeAppendix・
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5．2LearnlngDependencyPreference

hthisChapter，dependencypreferencebetweentwosegmentsmeanSatendency

whetheranteriorsegmentmod訴esorbeyondposteriorsegment・Thisrelationhas

astrongrela＾iontoscopee血beddingpreference（seesection2・4）ofsubordinate

clauses．

Rough1yspeaking，therelationbetweenscopeembeddingpreferenceofsub－

ordinateclausesanddependencypreferenceisasfo1lowslO

DependencyPreferenceofJapaneSeSubordinateClauses

l．AsubordinatedausecanmOdifyanOthersubordinateclausewhi血inher－

entlyhasascopeofthesameorabroaderbreadth・

2．Asubordinatecla闇eCannOtmOdifyanothers11bordinateclausewhichin－

here血1yhasana汀OWerSCOpe・

5．2．1DecisionListLearnlng

Adecision追st［40，52】is－asortedlistofthedecisionru1esea血ofwhichdecides

thevalueofadecisionDgiⅦnSOmeeVidenceE・Eachdecisionruleinadecision

listissortedindescendingorderwithre＄PeCttOSOmePreferencevalue，andrules

withhigherpreferencevaluesareappliedfirstwhenapplyingthedecisionlistto

somenewtestdaね．

First，1ettherandomvariableDrepresentingadecisionvwiesoverseveral

possiblevalues，andtherandomv訂iableErepresentingsomeevidencev訂iesoⅥ許

‘1，and‘0，（where乙1，denotesthepresenceofthecorrespondingpieceofevidence，

‘0，itsabsence）．Then，inthedecisionlistleamingmethodof［52】，givensome

traimingdatainwhichthecorrectvalueofthedecisionDisannOtatedtoea血

inst弧Ce，theconditionalprobabilitiesP（D＝可E＝1）ofobservingthedecision

D＝XundertheconditionofthepresenceoftheevidenceE（E＝1）arecalculated

andthedecisionlistisconstruCtedbythefo1lowingprocedure・

1．Fbreadpieceofevidence，Calculatethelikelihoodrutioofthelargestcon－

ditionalprobabilityofthedecisionD＝Xl（giventhepresenceofthatpiece

10Fbradetai1eddi5CuSSionoftherelationbetweenscopeembeddingpreferenceandmod・

ify／beyondrelationofsubordinateclauses，SeeUtsuroetal・【51］・
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ofevidence）tothesecondlargestconditionalprobabilityofthedecision

か＝£2：

log2
P（β＝£1

P（β＝∬2

β＝1）

β＝1）

Then，adecisionlistisconstruCtedwithpiecesofevidencesortedinde－

scendingorderwithrespecttotheirlikelihoodratios，Wherethedecisionof

theruleateach血eisD＝Xlwiththelargestconditionalprobability・11

2．Thefinal血eofadecisionhstisalw町Sdefinedas‘adefault’，Wherethe

likelihoodratioiscalculatedastheratioofthelargestmarginalprobAbility

ofthedecisionD王＝XltOthesecondlargestmaJginalprobabil址yofthe

decisionD＝X2：

log2
P（β＝∬1）

P（β＝エ2）

The‘de如1t，decisionofthisfinal1ineisD＝㌢諾1withthelargestmarginal

PrObability・

5．2．2ModelforDependencyPreferenceofSubordinateClauses

hthemodelofdependencypreferenceofs止bordinateclauses，decisionDand

evidenceEisdefinedasfonows

ThedecisionD：rePreSen七Sthedependencyrelationoftwosubordinatecla闇eS

inasentenceandvariesoverthetwovalues“modibf，，Wheretheanteriorhead

segmentmodifiestheposteriorheadsegment，and以beyond乃，Wheretheanterior

headsegmentmodifiestheheadsegme血Of●払Othersubordinateclausew血ich

fouowstheposteriorheadsegmen七・

TheevidenceE：rePreSe血SaPair（Fl，為），Wbereasfland為，WeCOnSider

everypossiblesubsetofthefeatwes占tsJland耳2WhichSe91andSe92（the

headsegmentsofthegiventⅦ托）Subordinateclauses）haⅦ，reSpeCtivelyl

Thble12givesfeat∬eSOf＄ubordinaheclause＄uSedfordecisionlistleaming・

11【52】discussesseveraltechniquesforaNOidingtheproblemswhicharisewhenanobserved

COuntisO．Amongthosetechniques，Weemploythesimplestone，i・e・，addingasmal1constant
α（0．1≦α≦0．25）tothenumeratOranddenominator・Withthismodification，mOrefre－

quentevidenceispreferredwhenthereexistseveralevidencesforeachofwhichtheconditional

probabilityP（D＝XIE＝1）equalstol・
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Allthesubsetoffeaturesofmodifierandmodifieesegmentscanbesortedin

descendingorderwithrespecttothepreferencevaluedefinedinprevioussection，

andco血binationoffeatweswithhigherpreferencevaluesareappliedfirstwhen

applyingthedecisionlisttosomenewtestdata・hotherⅥりrds，e鮎ctivesetsof

feattuesamOng誠possiblesetsoffeatlmSareSelectedbasedonthelikelihood

ratiosbetweentheprobabilityof“beyond”or“modify”relationoftwosubor－

dinateclauses．Nextsectionde＄Cribesthew町tOuSeleameddecisionliststo

syntacticdisambiguationofsubordinateclausesinaJapaneSeSe血ence・

5．3　Calcula七ionofPreferenceV左1ueforSubordinateClause

Dependencies

Next，Wedescribeshowtoanalyzedependenciesofsubordina＾eclausesinone

sentenceaccordingtotheprobabilitiesofthe・dependenciesbetweentwosubordi－

nateclauseswhichareestima七edfromthedecisionlistfordependencypreference

ofsubordinateclauses．

Supposethahaninputse血enceScontainsn－1subordinateclausesandlet

Se91，・・・，Se9n－1，Se9nbetheheadsegmentsofthosen－1subordinateclauses

plusthesentence－finalsegment・Letusdenotethesequenceofthosesegme血SaS

島♭：

烏あ　＝　βe飢，…，g印n＿1，鮎凱

Next，1etmod（Se9i）bethesegme血WhidlSe9imOdifies・Fbrsimplicity；1柁

assumetha鳥themodifieesegmentmod（Se9i）ofSe9iisoneofthesubsequent

segme血Sge蛮＋1，‥．，βe‰＿1，βeg几・

Then，Ⅵ昭COnSiderauthedependenciesmod（Se91），・・・，mOd．（Se9n－1）amOng

thesequenceSe91，…・Se9n－1，Se9nOftheheadsegmentsofsubordinateclauses

inthe＄entenCeS，anddenotethemasD甲（S；b）：

β甲（島む）＝mOd（β印1）∴‥，mOd（β軌－1）

Here，WeaSSumethatnomodificationcrossestoothermodifica点onsinasehtenCe・

InordertocalculatethepreferencevalueofthedependenciesD甲（Ssb），firs七，

weestimatetheprobabilityP（D＝X［（Segi，Se9j））ofthedecisionD＝3：given
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＃of
Fbatures

2

FbatureType

PunCtuation

EachBinaryFbatures

with－Cdmma，without－COmma

Grammatical

加如gation恥rmof

Segment－final

CopjugativeWbrd

17

12

Lexicd

〔lexicalizedformsof

‡r恥matical，鎚鵬WeS，　235

withmorethan9

0CCurrenCeS

inEDRcorpus）

adverb，adverbial－nOun，formal－nOun，tempOraトnoun，

quoting－Particle，Predicate－COnJunCtiv伊Particle，

topic－mWkingiPakticle，COPula，SentenCe－finaLparticle

（someofthesefeatweshavedistinctionof

Segment－final／middle）

Stem，base，mizen，ren’you，rentai，COnditional，

imperative，ta，tari，te，COnjecture，VOlitional

adverb（e．g．，ippou－de，irYli）

adverbial－nOun（e．g．，tame，baai，yOu，hou－9a）

formal－nOun（e．g．，nO－ha，koto，koto－9a）

temporal－nOun（e．g．，ima，Shunkan，mae－ni），

quoting－particle（to），

Predicate－COhjunCtiⅦ－Particle（e．g．，9a，karYL，na9aru），

topic－markingiParticle（e．g．，ha，mO，dake，narYl），

COp可a（e・g．，dearu），SentenCe一final－Pa鵬icle（e・g・，ka，yO）

恥ble12．FbahuresofJapanesesubordinateclauses
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apair（Se9i，Se9j）asthemaxi皿皿OftheprobabilitiesP（D＝Xl（P；，巧））for

everypossiblepairof（E；，Pl）andden？teitasP（D＝可（Se9i，Se9j））‥

恒＝可（和弘勒））＝農笥P岬＝紺軋瑚

Then，Weintroducethenotionpr＊rencevalueofthedependencyofSe9i’smodi－

fyingSe9kanddenoteitasQ（D＝“mOdify”1（Se9i，Se9k））・Thepreferencevalue

Q（D＝“mOdify”l（Se9i，Se9k））iscalcula＾edbytheprocedurebelow‥

1．hthecasewherek＜nholds：

Q（D＝“mOdify”l（Se9i，Segk））iscalculatedasthegeometricmeanOfthe

probabilityofSe9i，smodifyingSe9kandthoseofSe9i’smodificationbeing

beyondβe幻（ブ＝豆＋1，・‥，た－1）・12

Q（β＝“mOd㊥”t（βe動βe動））＝

（P（D＝“mOdify”l（Se9i，Se9k））×IIP（D＝“beyond”I（Se9i，Se9j）））㌃
ブ＝i＋1

2．Inthecasewherek＝nholds：

SincethesegmentSe9nissentence－final，ⅦCanaSSuneP（D＝“beyond”I

（β勒，β勒））＝Oandβ（β＝“mO血Ⅳ，l（拘i，β勒））＝1払r豆＝1，…，れ－1・

Then，Q（D＝“mOdify”I（Se9i，Se9n））iscalcula＾edasthegeometricmeanOf

theprobabihtiesofSe9i，smodificationbeingbeyondSe9j（j＝i＋1，・・・，n－

1）・

Q（D＝“mOdify”・［（Se9i，Se9k））＝（HP（D＝“beyond，つ（（Se9i，S占9j）））蒜

Finany，giventhesequence島bOftheheadsegmentsofsubordinateclausesand

theirdependenciesD甲（烏b），itspreferencevalueQ（Ssb，Dep（Ssb））iscalculated

aBtheproductofthepreferencevalueofea血dependency：

Q（島む，β甲（島む））＝　ⅢQ（β＝“mO血村”l（鋤わmOd（β覗）））

12wbcalculatethepreferencevaluebythegeometricmeanratherthantheproductinorder

tomakeafaircomparisonamongthecasesofdiifbrentnumberofintermediatesegmentsSe9jS・
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Tbble13．Statisticsoftestsentencesextra虎edfromEDRcorpus

阿山1SetS止bsets

Se血enceshcluding SentencesIncluding

MoreThanOne OneorZero

S止bordinateClauses SubordinateClause

3，128（30．3％）　　7，192（69・7％）

32，038（39．9％）　　48，281（60・1％）

＃ofSentences

＃ofSegments

Ave．＃ofSegments

／Se血ence

＃ofSubordinateClauses

DependencyAnaly8isPrecision

ofBasicDAModel（Chapter3）

SegmentLevel

Se血enceLevel（BestOne）

SentenceLevel（BestFive）

85．3％　　　　　　　　86．7％

25．4％　　　　　　　　47．5％

35．8％　　　　　　　　60．2％

10，320

80，319

86．1％

40．8％

52．8％

Then，thedependencywhi血givesthehighestpreferencevalueisselect？dasthe

e8timation毎（島b）ofthedependenciesamOngthesequence烏bOfthehead
8egmentsofsubordinateclaⅡSeS．

毎（烏b）＝　訂gmaXQ（島む，か甲（島む））

5・4ExperimentsandEvaluation

5．4．11もstData

AsshminTbble13，5％testdatasetofthewholeEDRcorpusconsistsof

d）outlO，000sentences，andabout30％ofthemhaNemOrethanOneSubordinate

Chusespereachsentence，i・e・，haNingambiguitie80fdependenciesofsubordinate

dauses．Thenumberofthoseambiguoussubordinateclausesis4，207intotal．

Asthetestdatasets，WeuSethefollowingthreesubsetsof5％testdataset
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OfwholeEDRcorpus．

1．‘rWh01eDaiaSet乃

Thisisthecollectionof3，128sentencesinTbble13，eaChofwbi血includes

morethanOneSubordinatecla．uses．

2．“SentenceswithatleastOneImitialDependencies”

Thisisasubsetofthedataset“Wh01eDataSet”，Whereeadmemberof

itisasentencewhichhas atleastoneimitialdependencywiththefixed

probabilityl．

3．“SentenceswithCompleteImitialDependencies”

Thisisasubsetofthedataset“Se血enceswithatleastOneImitialDepen－

dencies乃，Whereeachmemberof’iti＄aSentenCeforwhichal1the’dependen－

ciesofitssubordinateclausesbaⅧfixedprobabihtiesl．

5．4．2　Evaluation Method

Ⅵねevaluatetheestimateddependenciesofsubordinateckmsesbyintegrating

themintobasicstahisticaldependencyanalyzerofawholesentencedescribed

inChapter3・SentenCe・First，We eStima上ethe dependencies ofsubordinate

clausesinasentencebythe procedure ofChapter5・3，then，regardthemaB

correctdependencieswhenparsingunderthebasicdependencyanalysismodel13

inChapter3．Morespecifically；WeaSSigntheprobabilityltothedependencies

ofsubordinateclausesestimatedbytheprocedureofsection5・3，and丘Ⅹthis

probabnityduringthestatisticaldependencyanalysisofthewholesentence・

5．4．3　Results

Wb血angethethresholdoftheprobabilityP（DJE）inthedecisionhstandplot

thetrade－0ffbetweenthresholdandprecision3・6・1・Whenweusetheleamed
decisionhst，Weignoredecisionru1eswhoseprobabihties（conditionalprobabilities

forthedetisionDofeachdecisionru1e）訂elo椚rthapthethreshold．Figures19

13Thebasicsta＾isticaldependencyan名句佗erinChapter3istrainedusingthesametraining

d如asetasusedinthedecisionlistlearmingofsection5・2・1・
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and20showtheresultsofthesegmentlevelandsentencelevelprecisionsforthe

threetestdatasetsaswella5theupperandlowerboundsoftheprecisions・

The一ユPperboundsofthesegmentlevelandse血encelevelprecisionsarees－

timatedby usingbaBicdependencyanalysismodelin Chapter3withcorrect

dependenciesofsubordinateclausesextractedfromthebracketingofEDRcor－

puS・

Thelowerboundsofthesegmentlevelandsentencelevelprecisionsareot＞

tainedbyparsingunderthebasicsta七isticalmodelinCh叩ter3withnoimitial

dependenciesofsubordinateclauses・

TheresultofevaluatingsegmentlevelprecisioninFigure19showsthatthe

precisionfor以Wh01e DataSet乃ismaximizedwhenthethresholdisO・8，and

itsm拡imisgreaterthanthelowerboundbyaboutl・7％，eVenthoughthe

segmentlevelcoverageofestimatingdependenciesofsubordinatecla闇eSisabout

80％．ThisresultmeanSthattheparti之山yestima＾eddependenciesofsubordinate

clausesaJeStiuusefu1forimprovingthesegmentlevelprecisionofthedependency

analysisofthewholese血ence・

Next，theresultofevaluatingsentencelevelprecisioninFigwe20showstha＾

thepartiallyestimateddependenciesofsubordinateclausesarealsousehlfor

improvingthesentencelevelprecisionofthedependencyanalysisofthewhole

SentenCe．Onegurprisingresultisthatthe＄entenCelevelprecisioncalculatedusing

topfiveresultsalmostreachestheupperboundwhenthethresholdisbelowO・7・

5・4・4ComparisonbetweenRelatedWbrks

Thissectiondiscussesthemeritofourmethodde＄CribedinthisChaptercompared

withtheconⅦdionalstaListicalparser（［14，17，10，51】）・Themainpoidsof

COnⅦntionalstatisticalparser that di鮎rsfrom ourmethod are thefouowing

threepoints．

（1）Considerthecaseswheretwosegmentsareadependencyrelationornot

dependencyrelation，andestimatetheprobabilityofdependencyrelation

bythefo1lowingdefinition（orpursuantdefimition）：

TwoSegmeI止SareaDependencyRelation

TheFtequencyofTwoSegmentsAppearSinasameSentence
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（UsingTopOneResukofDependencyAna）ysis）
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（2）Definetheprobabilityofdependencyanalysisofthese血enceasaproduct

oftheprobabilitiesofal1dependencyrelationsinadependencystruCture，

andfindthedependencystructurethathashighestprobability」

（3）AmongtheabweconⅦntionalstatisticalmodelexceptHarun0［17】，fear

turesusedfortheestimationoftheprobabilityofadependencyrelationis

fixedandthereisnoexphcit叩tOSelectfeaturesautomatical1y・Andin

Harun0［17］，theyusedecisiontreeleaming【38］method，nOtdecisionlist

learning．

Tbcompareourmethodwiththestatisticalmodelthatsa＾isfiesabove（1）

and（2）conditions，WeCOnSiderthemodelthatisaddedthefonowingchangeミ

t。thedecisionlistmodeldefinedinsection5．2．2andtheparsingframeworkof

subordinateclausesinasection5．3．

●Add“end＿Of－Se血ence”featwestothedecisionlistmodel（conⅦntionalsta－

tisticalmodelsusethisfeahure）．

●Considertwovalue“modiy，wheretheaderiorheadsegmentmodifiesthe

posteriorheadsegme叫and“notmodify”wheretheanteriorheadsegment

modifiestheheadsegmentofanothersubordinateclausewhichfonowsthe

posteriorheadsegment，aSthedecisionD・

●AsaprdbrmcevalueofthedependencyQ（D＝“mOdify”I（Se9i，Segk））

ofSegi，smodifyingSe9k，uSethefonowingequation：Q（D＝“mOdify”l

（鋤i，ぶeタた））＝P（か＝“mOd勒”l（β甲豆，狗た））

Fbrthismodel，deci＄ionlistmodelwaslearnedbythetraimingdataextracted

from95％ofEDRbratketedcorpus．Intheresultingdecisionlist，D＝“nOt

modify”become這defaultrules，andtheprobabilityofthisdefaultruleisP（D＝

“modify′′）＝0．6180．Byusingthisdecisionlist，WeeValua＾edtheprecisionof

dependencyanalysis・

TheresultingcoⅦrageOfbothsegmentlevelandsentencelevelwereverylow

comparedwithourm？del，forthesamethresholdP（DIE）・Ftomthisresult，

wecanSaythatourmodeloutperformsthecorNentionalstatisticalmodelswhich

considers“modify”or“notmodify”relationandonlyusestheprobabilityOf

“modi抒”．
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Next，WeCOmPareOurmethodwithHarun0［17】whichusesdecisiontreemodel

toautomatical1yselecte鮎ctivefeatures．

Indecisiontreelearnlng，feaLuresthatdecreaseane血tropyontargetclass

mostareselected．andatrainingsetisdividedtosubsetsaccordingtothevalue

ofthefeatwe．InHarun0，＄【17］study，eaChstepofdecisiontreeconstruCtion，

ohlyoneofthefeatureofmodifierandmodifieeisexamined，inotherwords，a

setoffeaturesofamodifierandmodifieethatbecomee鮎ctiveforthefirsttime

whencombinedmaybeoⅦrlooked．Tbexaminethee鮎ctofthecombination

ofmodifier，sfeaturesandmodifiee，sf由血∬eStOthepaKSingaccuracy；WeapPlied

decisiontreemethod（Quinlan［38］）toleamdependencypreferenceofsubordinate

clauses．

Wbcohfiguredthesetof・featuresbasedonthefeaturesusedinHarunO［17】・

ThetargetClassis“modify”and“beyond”，aSistheca＄eOfdecisionlistlearning

insection5．2．2．

TheresultingprecisionoftheparSlngOfawholesentenceunderdecisiontree

modelⅧlower thanthat of decisionlist modelforalmostal1the value of

CWerage（definedbythethresholdtothelowerlimitofprobabilitiesattheleaf

nodesofadecisiontree）．Thedeci＄ionlistmodeloutperformedabout2～3％in

termsofsegme血1evelprecision・Thisresultsuggeststhatindecisionlistlearming，

thecombinationofmodifier，sfeaturesandmodifiee，sfeaturescontributestothe

accⅥ∫aCyOfthepamingofawholesentence・

5．5　Conclusion

Inthissection，SCOPee血beddingpreferenceofsubordinateclausesisexploitedas

ausefu1informationsourcefordisambiguatingdependenciesbetweensubordinahe

Clauses．

Ⅵ屯successfuuyincreasedtheaccuraciesofbothsegmentlevelandsentence

leveldependenciesthankstotheestimateddependenciesofsubordinateclauses・

hthisChapter，七hemodelfirst（partially）disa血biguatedd9Pendencyrela－

tionsofsubordinatecla朋眉eS，thenperformedthedependencyanalysisofawhole

Sentence．Butthisisnotnecessarilythebestv町tOintegrahedependencypref－

erenceofsubordinateclauseswithourstaiisticalmodel（Chqpter3）．Wbneedto

Studythebestwaytoincorporatedependencypreferenceofsubordinateclauses
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intoourstatisticalmodel．

Notethatthesegmentationofsubordinateclausesinthis Chapterisnot

alwaysthesameaSthesegmentationusedinChapter3・Whenconsideringto
construCtaumifomstatistidparser，Weneedthedefinitionofthesegmenttha七

fitstotheanalysisofsubordinateclauses・

Insteadofusinggeome七ricmeanOftheprobabihtyofSe9iフsmodifying・Se9k

andtho＄eOfSe9i，smodi丘cationbeingbeyondSe9jU＝i＋1，・・・，k－1）asthe

prdbrencevalueQ（D＝“mOdiy，I（Se9i，Se9k）），thevalueofproductexhibited

higherprecisionwhenthelo間r血itoftheprobabilityP（D［E）ishigh・Oneof

thereasonsisthattheproductputabiastotheshorterdistanCeOfdependency

relations（beca闇ethemlmberofprobbbilitiesm山tipliedisftwer）・Thisresult

suggeststhatconsid6ringdistanCeinformationondependencyrelationindecision

listleamingwouldresultinhigherprecisionofdependencyanalysisofsubordinaie

clausesinaseI止ence．
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6．StatisticalModelfor CoordinateStructure

InJapaneSeSe血ences，COOrdinatestructl∬eisoneofthemajorca闇eSOfsyntactic

血biguityinlongsentences，andleadstothediEicultiesindependencyanalysis

ofJapaneSeSentenCeS．Themain’problemistoidentifythescopeofconstituents

ofcoordinatestruCtWeS．

AconⅦntionalrulebasedparserofJapaneSeSentenCeShandlescoordinate

structuresbyhand－COdedheuristics（Kurohashi［26］，Suganuma［48］）・

Theseapproa血esfirstidentifytheexistenceofcoordinatestruCture＄byfind－

ingkeywordsorpatternSthatgiveaneVidenceoftheexistenceofacoordinate

struCture，andthenidentifythescopeofthecoordinatestructurebyexamining

＝N；ニ▲▼thewordsequencesim止arityorstruCturalsimi1aritylButthesekeysforcoordi－

natestructlⅣeSOrheuristic＄tOfindthescopeofcoordina＾estruCtWeSmStbe

deⅦlopedbyalanguageexpert・ConstruCtingandmaihtaimingtheseru1esisalar

boriousta8k．Anotherdisadvantageisthattheprocessesofcoordinate＄truCt一∬e

ide血ificationanddependencyanalysisaresequential・Inotherwords，depen－

dencyanalysisisperformedbasedontheide血ifiedcoordinatestruCtu∫eS，then

thefai1ureofcoordinatestructureideI止ification，directlyinfluencestheaccuracy

Ofdependencyanaly＄is・

InthisChapter，Wedonotresorttoextraheuristicsforfindingthesimi1arity

between the constituents ofacoordinatestruCture．Wb propose amethod to

handlethecoordinatestructweidentificationandthedependencyanalysisina

uniformway．

Thefinalprobabilityofdependencystructurereflectstheexistenceofthe

coordinate struCtureSfromtwo reasons．Thefirst reasonistha鳥the existence

ofcoordinate structures a鮎ctsthedistanCefeatwesofdependent pairs．The

secondreaBOnisthatacoordinatestructurehasm山tipleheadwords，andthe

probabilityofdependencyrelationiscalculatedfromthemitipleprobabilities

definedbythesemitipleheadwords・Inthisdissertation，WeuSやtheharmonic

meanofm山tipledependencyprobabilitiesforsuchcasesofmultiplehedwords・

ThiscomesfromthenaturalintuitionthateveryelementofcoordinatestruCture

hawanequallyhighprobabihtytomodifythesamemOdi丘eeortobemodified

fromthesamemOdifier．TheharmOmicmeanhaBatendencytogetmoreinAuence

bythelowerprobabilitythanthesimplemeanOfprobabilities・
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6．1DefinitionofCoordinate Structures

AccordingtoShutou［46】，therearethreetypesofcoordinatestruCtureS・

（a）Predicatecoordinate白truCture（constituentsofacoordinatestruCture寧aB

sentenceform）

（b）NominalcoordinatestruCture（constituentsofacoordinatestruCtureare

nounphrases）

（c）Partialcoordinate畠truCture（constituentsofacoordinatestruCturearea

sequenceofsegmentsexcepttheright血ostsegmentinasentencefom）

Thefo1lowingsaueexamPlesofthosecoordinatestruCtureS・

（a）15分には嬰本哩1草野が逆襲を卵生2
ラトウがロングキ？クら

hfifteenminutes，些野b叫1妙
弧dLat血hd把dlo喝3

（b）当面、年喫堕蔓11阜卿準琴法人の見直♭、j些室分権を」覧
大きな課題がある。

Fbratime，theirareimportantproblemssu血as蝉叫1叫，
reformahionofqpaBi－nOn－gOVernm6ntalorganization，anddece血raliz叫主Q旦ヰ

（c）蝉1皐叫着ている
塑卿Ⅶ訂S竺ず申些1and叫嗅2

AmongthesecoordinatestruCtureS，WedealwiththecoordinatestruCtWeOf

type（b）and（c）．hthisdissertation，thedependencyrela＾ionoftype（a）’is

treatedasadependencyrelationbetmencla闇eleveldependencyl

6．2　HowtoLearnfrom Coordinate Structures

TherearethreeimportantpointsinourframeWOrkofcoordinatestruCtureanaL

ysis・

●Themodeldoesnotuse弧yhewisticstocalculatethesimi1aritybetween

theconstituentsofa’coordinatestruCture．
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●Themodelperformsdependencyanalysisandcoordinatestructureanalysis

atthesametime，andselectsthemostlikelystructure．

・ThemodellearnstheprobabihtiesdefinedinChqpter3（助adCollocation

PrDbabiliiyandDistanceProbability）・ThemethodweexplaininthisChap－

terisaNailableforotherstatisticaldependencyanalyzerthatassumesthe

independencyofdependencyrelations．

The existenceofacoordinate structureinauencesthe set ofpositive cases

（featuressetofdependencyrelations）intraimingdata，inotherwords，WehaⅦ

toreconstruCtthetraimingcorpussoastoaddnewcorrectdependencypalr＄and

changedistancefeatwesusedfortheprobabihtyestimationofDistancePrvba－

bilitydefinedinChapter3．

Figures21，22and23giveexamPlesinwhi血modifierormodifieesegments

haⅣeCOOrdinatestructures．

FbrinstanCe，inFigure21，bothsegment“4”andsegme血“7”modifythe

Segment8．Ifthe struCtureinFigure21has a月．at structure，thedistanCeOf

dependencyrelationbetweenthesegment“4”andthesegme血“8”is“4”，butif

itconstructsacoordinatestruCture，thedistanCebecomesl．Atthesametime，

themodellearnSaneWdependencyrelation（coordinaterelation）betweenthe

Segment“4”andsegmen七“7”・

ThecoordinatestruCturealsoinAuencesthefeaturesofdependencyrelations

betweenthesegme血Sbeforethecoordina七estructureandtheelementsinthe

COOrdinatestructure（Fi卯re22）・Thedistancefeaturebetweenthesegment“0”

and“7”is3inFigure22，but7ifthestruCtureinFigure22hasaflatstructure・

IncaseboththemodifierandmodifieehaNeCOOrdinatestructures（inFig－

ure23）），eVerypOSSiblecombinahionoftheelementsinthemodifiercoordinate

StruCtureandthoseinthemodifieecoordinatestructurebecomestrainingdaha．

Inthetraimingphase，WehaⅦanOPtionwhetherthemodeldistinguishes

thestatisticsofcoordinaierelationsandnormaldependencyrelationsornot．In

SeCtion6・5，WeeValuatetheparSingaccuracyforbothofthesecases・
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coordinate relati□ m

＼」ノ　＼J

⊂：：：コ　SegTnent（bunSetSu）

→　dependencY relation

Figwe21．Modifierhasacoordina＾estruCtWe・
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⊂＝コ　Segment（bunSetSu）

－－－－　dependency relation

Figure22．ModifieehasacoordinatestruCture・
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＼ノ

⊂＝コ　Segnent（bunSetSu）

－－→・・・dependency relation

Figure23．Bothmodifierandmodifieeha㈹COOrdinatestructures・

6．3　ParsingAlgorithm

Ⅵ毎extendthe statisticalCKYalgorithmdescribedinsection3．4．4tohandle

coordinatestructures．

TbconstructaparsetreeforaparticularrangeOfasequenceofsegments，

CKYalgorithmcombinestwoadjacent parsetreesthatcoⅦrthe＄amerange

ofthesequenceofsegments，Wheretheleftmostsegmentoftheahteriorparse

treecoincideswiththeleftmostsegmehtoftheta咤etPa∫Setree，andtheright

mostsegmentoftheposteriorparsetreecoincideswiththerigh七mostsegment・

Figtue24givesanexampleofthisprocess・InFigure24，theparSerCOnStruCtS

aparSetreethatcoversthesegme血sfrom‘‘1”to“7”，byconsideringtwsub－

trees，theanterioronecoversthesegme血from∝1乃toα4乃，andtheposteriorone

CWerSthesegmentfrom以5乃to以7門・TbcombinethesesubtreesmeanStOadd

adependencyrelationfromtheheadsegme血Of如止eriorsub－treetOthehead

Segmentofposteriorsub－tree・Inthisexample，therecanbe5morepossiblepairs

Ofsub＿treeS．

hadditiontothesenormalstruCtureS，WeCOnSiderthepossibihtiestocon－

structcoordinatestmctureS．Figwe25givesthecasetoconstructacoordinate
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圏　head segment
［：：：：：コ　Segment（bunSetSu）

－■・・dependency relation

Figl∬e24・NormalconstruCtionofanewcandidatepartialparseinCKYalgo一

山tbm．
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struCturefromthesamePalrOf＄ub－treeSinFigure24・

・・・・・・－・・一山⇒

1　　2　　3　■享ヤ享隼き三…

l

／∵ヽ／√「ヽ

L■」斤」臨空望

c00rdinate structure with　2　heads

圏園　head segnent

□　segnent（bunSetSu）
→　dependency relation

Figure25．CoordinatestruCtureCOnStruCtioninCKYalgorithm・

NotethatbothparsetreesinFigure24andFigure25haⅦthesamenumberof

dependencyrelations，Whi血meanstheproductoftheprobabilitiesofconBtituent

dependencyrelationscanbeusedasarankingmeasu∫etOCOmParewiththe

COmpetingsyntacticstruCtureS・

Bysimplyaddingthepossibilityofacoordinatestructureateachstepof

CKYalgorithm，WeCanaChieveaumifomtreatmentofdependencyanalysisand

coordinatestruCtureidentification．Notethatthisprocedureenablesustotreat
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c00rdinate structure with　3　heads

囲　head segment
□　segnent（bunSetSu）
・－　dependency relation

＝二　COOrdinate relation

Fi即re26・MultiplecoordinatestruCtureCOnStruCtioninCKYalgorithm・
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thecoordinatestruCtureSWhi血consistofmorethantWOelementswithoutany

otherme血amism．Theonlythingtodoforthecoordimitestructureistokeep

multipleheadsforlateruse．Figure26illustratesthissituation・

6．3．1CalculationoftheDependencyProbability

Thedi鮎rence ofacoordinatestructureandanormalstructureappearswhen

calculatingtheprobabilityofdependencyrelationswhosemodifierormodifieeis

amongtheheadsegme血SOfacoordinatestructure（bychangingHeadCbllocation

PrDbability（see Chapter3））orwhentherearecoordinatestructuresbetween

modifierandmodifiee（bychangingDistancePrDbability（seeChapter3））・

Figures27，28and29givefourpossiblecaBeS，inwhichatleastthemodifieror

themodifieeisanelementofheadsegmentsinacoordina＾estructure．Figure30

giⅦSthecasewherethemodifieesubstructureco血ainsacoordinatestructurein

it．

Figure27isthecaBeth如therootnodeofmodifierstructurehasacoordinate

structure．1Figve28isthecasethattherootnodeofthemodifieestruCt11rehas

acoordinatestructure．Figure29isthecasethatbothoftherootnodesofthe

modifierstructureandmodifieestructurehaⅣeCOOrdinatestructures．

htheseFigwes，theleftstruCtWe（subtree）correspondtothemodifiersub－

StruCture，andtherightstruCtureCOrreSpOndtomodifieesubstruCture．Thear－

rowsindicatethedependencyrelationswhoseprobabilitiesmust becalculated

WhenconstruCtinglargerstructures・Theshadedrectanglesindicateheadseg－

mentsinea血substructure．

Intherestofthissection，first，WeeXPlainthecaseswherethedependency

probabilityiscalculatedfromm山tipledependencyrelations（Figure27，28and

29）．Then，WeeXPlainthecaBeWherethecoordinatestructuresappearinside

Ofthe modifiee substructure，and ha5influence onthe calculation ofDistance

軸血御物（Figure30）・

CalculationoftheDependencyProbabilityfromMultipleHeads

Figures27，28and29illustratethebasicpatternswherecoordinatestructures

hawinfluenceonthecalculationofdependencyprobabilities．wecalculatethe
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c00rdinate structurel

匪圏　head segnent

＝　segment（bunsetsu）
→・・dependency relation

Fi即re27・Modifierisacoordina七estructllre・

c00rdinate structure l
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囲園　head segnent

H segment（bunsetsu）
－→・・dependency relation

Figure28・Modifieeisacoordinatestructure・
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→　dependency relation

Figwe29・Bothmodifierandmodifiee訂eCOOrdinatestruCtureS・
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函園　head segment

こニコ　Segment（bunSetSu）

－→　dependency relation

Figwe30・TherearecoordinatestruCtl∬eSbetweenamodifierandamodifiee・
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dependencyprobabilityofeverycombinationofheadsegmentsinthecoordinate

struCtureOfthemodifierandthemodifiee．

Ifthemodifieristhestructurethathasnheadsegmentsandthemodifieeis

thestruCturethathasmheadsegme血S，thenumberoftotaldependencyrelations

becomesnx m．

Whenwecalculatetheprbbabilityofadependencyrelation（atleasteither

themodifierorthemodifieeha5aCOOrdinatestructure），WermStanSWerthe

fo1lowingquestions：

1．HowcanⅥ杷definedistancefeatures，WhencalculatingDistancePrDbability

definedinsection3・3，fortheeverypossibleco血binationofthemodifier

headsegmentsandthemodifieeheadsegme血S？

2．HbwcanⅥ喝Calculatethefinalprobabilityfromal1thepossiblecombinations

－ofthemodifierheadsandthemodifieeheads

BecauseJapaneSeisaheadfinal1anguage，thedistanCefeatwesdependonthe

modifieestruCture．ConsidertheexamPleinFigure29・Inthecaseofdependency

relationstha＾modifythesegme血“7”，WeuSethedistancefeaiwesoftheupper

substruCture（consistingofsegments“5”，“6”and“7”）inthemodifieetree，While

inthecaseofdependencyrelatioqstha＾modifythesegment“9”，WeuSethe

distanCefeatwesofthelowerone（consistingofsegments“8”and“9”）・

FbrthesecondpoiI止S7WeuSethehaJmOnicmeanOftheprobabilitiesofpossi－

bledependencyrelations・Thecoordinatestructurehasmitipleheads，andthe

probabilityofdependencyrehtioniscalculatedfromthemitipleprobabilities
definedbythesemitipleheads■Inthisdisserta七ion∴Wet鱒etheharmomicmeanS

ofmitipledependencyprobabilities・Thiscomesfromthenaturalintuitiontha鳥

everyelementofcoordinatestructureshouldha㈹Closeprobabilityvaluestomod－

ifythesamemodifieeortobemodifiedfromthesamemOdifier・TheharmOnic

mean・hasatendencytogetmoreinAuencebythelowerprobabilitythanthe

Simplemeanofprobabilities・

Fbrthenprobabilitiesofdependencyrelations，theharmonicmeanCanbe

Calculatedbythefo1lowingequation：
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凡m
∑芝11／少（乞）

島m：thehamomicmeanOfnprobabilities．

P（i）‥　theprobabilityofn－thdependencyrelation

InfluenceonDistanceProbability

Figwe30i11wtratethecasewheretherearecoordinatestruCtureSintheinside

（notthetopnode）ofthemodifieestruCture・Onthecontrarytotheabovecases，

thispatternhassinglemodifierandsinglemodifiee，butthedistanCefeatwes

ChangesbytheexistenceofthecoordinatestruCtlueS．

hol∬frameWOrk，eaChstruCtl甘e（incl11dingcoordinatestruCture）hasthedis－

tapcefeatures（informationaboutthenumberofsegments）．init・FbrthedistanCe

featuresofacoordinatestruCture，WeSimplyusetherightmostsubstruCtureOf

thecoordinatestruCture．

6．4TrainingandTbstCorpora

Fbrthetrainingandevaluationforthesta鳥isticalmodelofcoordinatestruCtureS，

weuseKyotoUmiⅦrSitycorpus［27］・KyotoUmiversitycorpusnotonlyhasannC＞

ta七ionofdependencyrelation，butalsohasannOtationofcoordinatestruCtureS，

WhileEDRcorpushasnoannOtationofcoordinatestruCtureS．

6．4．1KyotoUniversityCorpus

Kyoto Umiversity parsedcorpusconsists ofthearticlesofMainichinewspaper

from，Jam訂ylsttolOth，1995（aboutlO，000sentences．），theeditorialarticles

from，JanuaryllthtoJune30th，19956／30（aboutlO，000se血ences）．Thesetexts

aremorphological1yanalyzedbyJUMAN［28］，andsyntacticallyanaly7ZedbyKNP，

andthenerrorsarecorrectedmanual1y．Kyoto Umiversitycorpushassegme血

information，thenwetrainthestatisticalmodelbasedonthesegmentationof

KyotoUniversitycorpus・Wもonlyneedtoassignsegmentfeatureswhenlearning

fromKyotoUmiversitycorpus・

KyotoUmiversitycorpusdistinguishesfourkindsofdependencyrelations‥
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Coordinate Relation

例）チーズを「
食べ，＊－P
ビールを」
飲んだ．＊

DependencyRelationinaPartialCoordinateStructure

例）本孟㌫
太郎に，＊－P

ノートを－Ⅰ

弟の」
三郎に「

かしている．＊

Apposition

例）指撰警て＝訂
多数の」l
高級品を」
盗んだ．＊

Normalmodi丘cationrelation

●「僕が書いた（heⅥOte．）」（acaseelementmodifiesapredicate），

・「僕の本が（rnybook）」（anounmOdifiesanoun），

●「書いた本が（writtenbook）」（adnominalclausesmodifiesanoun）・

●「書けば，売れる（IfyouⅥite，thebookwouldsenwell）」（asubor－

dina＾ecalusemodifiesthepredicateofamainclause）

Thetype“CoordinateRelation”includes，predicatecoordinateandnominal

coordinahestructures．These structwesaremarkedbythesign“P”inKyoto

Universitycorpus・Inthisdissertation；WedealwithnominalcoordinatestruC－

tures，andconsiderthatpredicatecoordinaterelationsaBanOrmalmodification
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relations．Thetype“PartialCoordinateStruCture”isthestructureinwhi血con－

stituentsofthestructurearethesequencesofsegnentsthatsharethecommon

modi丘ee．Thesegmentsinsidesuchaconstituentaremarkedbytheslgn“Ⅰ”in

KyotoUniversitycorpus．htheaboveexample，thepair“本を”and“太郎に”，

andthepair“ノートを”and“三郎に”axethep虹tialcoordinatestruCtureS・The

correctmodifieeof“本を”isnot“太郎に”but“かしている．”whichisoutside

ofthepartialcoordinatestruCtWe．Andthecorrectmodifieeof“ノートを”isnot

“三郎に”but“かしている．”．Ingeneral，aPartialcoordinatestructureappears

withanotherpartialcoordinatestruCturetOCOnStruCt aCOOrdinatestruCture）

andthebroadercoordinatestructuremodi丘e＄thecoⅡ皿Onpredicates（inthe

aboveexamPle，“かしている”）whichfo11msthecoordinaAestructl∬e・Inthis

dissertation，Wedonotdealwithp虹tialcoordinatestructures・Thethirdtypeof

structureis“Apposition”．“Apposition”ismarkedby“A”inKyotoUmiversity

corpus．The“Apposition”and“NominalCoordinate”訂eSOmetimesⅧgue，but

basical1y“Apposition”has＄Omemarkerssuchas“など，and“から～まで”and

soon．Ⅵ屯dealswith“Apposition”asnormalmodificationrelation・

Because KyotoUniversitycorpusdoesnotdistinguishpredicatecoordinate

andnominalcoordinatestruCtureS，WeuSefonowingheuristicstodistinguishthese

StruCtlユreS．

●Iftheheadwordoftheelementsofacoordinatestructl汀eisverb，Wedefine

themasthepredicatecoordinatestruct町e・

6．5　Experlment

6．5．1Tbst Data

Bothofthetraimingandevalua＾ionaredoneonthesentence苧eXtraCtedfrom

KyotoUniⅦrSitycorpus・Tbble14givesthestatisticsofthesesentences・Wb

dividethesesentencesintolOgroupsand・OneOfthe血waskeptfortheevaluation．

6．5．2　Evalua七ionMeasure

Fbreね1uationmeaswes，We11Sethefo1lowingtwokindsofsegmentlevelprecision．
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Tbble14．Stati白ticsoftestsentencesextractedfromKyotoUniversitycorpus

Subsets

SeI止enceshcluding SentencesNotIncluding

NohalCoordinate NomhdCoordinate

StruCtureS StruCtu∫eS

n】1

＃ofSehtences

＃ofSegments

Ave．・＃ofSegments

／Sentence

DependencyAnalysisPrecision

ofBasicDAModel（Ch叩ter3）

SegmentLevel

2，398（26．1％）

・29，900（33．1％）

12．5

85．3％

7，192（73・9％）

60，384（66．9％）

8．4

86．7％

p，

90

（
t

8（

●eValuahionmeaBure（1）

SegmentLevelPrecision

●eValuationmeaBu∫e（2）

SegmentLevelPrecision

M。。監提悪霊艶芸蕊招芸。tly

M。血丘ま忠霊慧篭留よ恕諾諒恕㌔ys血

濫訝競；霊甑㌶蕊冨濫惣
M。血丘詣監禁篭留諾芸慧慧諒恕㌔ys細

Intheevaluationmeasure（2），thetypeofmodificationmeanSWhetherthe

modificationiscoordinaterelationornormaldependencyrelation．

htheevaluationmeasufe（1）∴WeSimplycountthecorrectdependencyrelar

tionsregardlessofthetypeofthe－dependencyrelation・IntheevaluationmeaBure

（2），Wedefinethecorrectdependencyrelよionastherelationthatboththemod－

ifieeandthetypeofdependencyrelationarecorrect・
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Becauseitisdi氏culttodiscriminatecoordinaterelationordependencyre－

1ationfortheca＄eSOfpredicatecoordinate）Weignorethetypeofmodification

rela上ionforthepredicatecoordinatestructweinevaluationmea5ure（2）・

6．5．3　ResⅧlts

Astraimingandevaluationdata，W℃uSedtheMaimichinewsarticlesfrom，Jamlary

lstto9th，1995，，Wbichcontain9204・Se血ences（Table14）・ⅥねadoptedlO－fo1d

crossvalidationbychanglngtheheldoutdatafrom？Januarylstto9th）1995）・

26％（2398sentences）ofthesentenceshaⅣ℃nOunphrasecoordinatestruCture＄・

Evalua＾ionwaBdoneforthesentencesthathas．nounphrasecoordinatestructures

（withNC），tha＾hasnonounPhrase（withoutNC），andthewholesetofsentences・

Thble15and16showstheresults．In－1もble15and16，BaseLineisthebasic

modelexplainedinChapter3，buttrainedtwthedataexplainedabove・Tbbles15

and16givestheresultsbytheevalua＾ionmeaBWe（1）and（2）definedinsection

6．5．2．

Aswementionedinsection6．2，Ⅵ杷haⅦanOPtionwhetherthemodeldis－

tinguishesthestatisticsofcoordinaterelationsanddependencyrelationsornot・

Modelldoesnotdistinguishthestatisticslearned丘omtheinsideofcoordinate

structuresandthe sta七isticslearnedfromthe outsideofcoordinate structures，

whileMode12distingui＄hesthosetwostatistics・

TheresultshowsthatbothofModellandMode120utperformstheresultsof

theBaseLinemodel．Thesecondcolumnin％ble15showsthatthereseemsto

benosidee鮎ctbyincorporatingcoordinatestruCtureanalysis・1もble15shows

thatMode11slightlyoutperformsMode12forbothsentenceswithNCandwithout

NC．However，乱ble16showsthattheperformanCeOfModellforthesentences

withNCisquitlowcomparedwiththeperformanCeOfMode12・ThisresultmeanS

thatModello11tputSmOreCOrreCtdependencyrelationsthanMode12does，but

outputsmoreincorrec七山types刀ofdependencyrelationsthanMode12does・

6．6　Conclusion

Inthis（フhapter，WeprOpOSeamethodtotreatthecoordinatestructureidenti－

ficationandthedependencyanalysisinauniformw町Thefinalprobabihtyof
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1もble15．Segmentlevelprecisionbytheevaluationmeasu∫e（1）・

Evaluation（1）WithNC WithoutNC恒

三≡±≡二≡三

助ble16．Segmentlevelprecisionbytheevaluationmea5We（2）・

Evaluation（2）WithNC WithoutNC卜唾

藁≡e箪［茎］夢
dependencystruCtureSreaeCtStheexistenceofthecoordinatestruCtureSfromt

reasons．ThefirstreaBOnistha鳥theexistenceofcoordinatestruCtureS血angeS

thedistancefeatwesofdependencypa∬S・Thesecondreasonisthatacoordinate

struCturehasm山tipleheads，andtheprobabilityofdependencyrelationiscaL

culatedfromthemitipleprobabilitiesdefinedbythesemitipleheads・hthis

dissertation，WeuSetheharmOnicmeanSOfmultipledependencyprobabilities・

Thiscomesfromthenattualintuitionthatal1dependencyrelationsofthehead

segmeI止SOfacoordinat占struCturewi11hm’highprobabilities・TheharmOnic

meanhasatendencytogetmorein且uencebythelowerprobabihtythanthe

SimplemeanOfprobabilities・

ByconsideringcoordinatestruCtl汀eS，Wもentrainingthestatisticalmodel，

segmentlevelpwsingaccuracyimprovedaboutl％forbothsentenceswithNC

andwithout NC．
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7．Conclusion

7．1Summary

Theclaimofthisdissertationisthatsta上isticsofsurfacefeatures，Su血aspart－

0トspeechtagsandheadwords，eXtraCtedfromalargecorpusofparsedsentences，

alongwithparticularalgorithm，CanprOduceaccura七eparses・

Ifwewanttoa血ieveahigherrateofaccuracy，itisnecessarytousemore

information．However，itcausesaproblemofincreasingcomplexitiesofmodels

andthee鮎ctofsparse－dataproblemisalso．inevitable・

ThebasicstatisticalmodelisnotsocomplexasotherstatisticalparSerSinthe

literatureofacomputationalstatisticalparser・Ⅵねstitktoastatisticalmodel

ofsimplesettingaimingaLaneaSyimplementaiionande氏ciencyofpa謂ing・

hstead，Weaddresstheproblemofsubordinateclausesandcoordinatestruc－

tures，WhichareamOngthemqjorcausesofdi氏cultyinthesyntacticanalysi＄

ofJapaneSeSentenCeS・Ⅵねalsoproposestatisticalpartialparseandredundant

ParSemethods．

InChapter5，the■scopeembeddingpreferenceofsubordinateclausesisex－

ploitedasausefu1infomationsowcefordisa血biguatingdependenciesbetween

subordinatecIallSeS．

Ⅵ屯successfu11yincreasedtheaccuraciesofbothsegmentlevelandsentence

leveldependenciesthankstotheestimateddependenciesofsubordinateclauses・

Themodelfirst（partia11y）disambiguateddependencyrelationsofsubordinate

clauses，thenperformedthedependencyanalysisofthewhdlese血tence・Butthis

isnotnecessarilythebestw町tOintegratedependencypreferenceofsubordinate

clauseswithbasicstatisticalmodel（definedinChapter3）・Ⅵ屯needtostudythe

bestwaytoincorporatedependencypreferenceofsubordinatecl狐SeSintoour

8tatisticalmodel．

InCh叩ter6，WeprOPOSeamethodtotreatthecoordina＾estruCtureidenti－

fica七ionandthedependencyanalysisinauniformW町Thefinalprobabihtyof

dependencystruCtureSreflectstheexistenceofthecoordinaLestruCtureSfromtwo

rea占OnS．ThefirstreasonisthattheexistenceofcoordinatestructureschangeS

thedistanCefeaturesofdependencypairs．Thesecondreasonisthatacoordinate

struCturehasmitipleheads，andtheprobabilityofdependencyrelationiscal－
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culatedfromthemitipleprobabilitiesdefinedbythesem山tipleheads・Inthis

disserta＾ion，WeuSetheharmo血cmeanSOfm山tipledependencyprobabilities・

Thiscomesfromthenatlualintuitionthatal1dependencyrelationsofthehead

segmentsofacoordinatestructurewi11haNehighprobabilities・TheharmOmic

meanhasatendencytogetmorein且uencebythelowerprobabilitythanthe

simplemeanofprobabili七ies・

Byconsideringcoordinatestructures）Whentrainingthestatisticalmodel，

seg血entlevelparsingaccuracyimprovedaboutl％forbothse血enceswithNC

andwithoutNC．

Ⅵ屯mayachievehigherperformanceofthecoordinatestruCtWeanalysisby

thefo1lowingfacts・Fir＄tinthisexperiment，WeOnlyusednounPhrasecoordi－

natestructureinformation（inKyotoUniversitycorpus，markedby“P”）・But

sometimes，dependencyrelationsmarkedby㍑A乃inKyotoUniversitycorpusalso

seemtoconstruCtnOunphrasecoordinatestruCtureS・TbimproⅦtheprecision

ofcoordinaiestructureanalysis，uSingthesedatamaybee鮎ctive・Second，Our

frameWOrkcapturestheadaptabilityofacoordinatestruCtl甘eindirectlybythe

simi1arityofheadsegmentsintemsofmodificationrelationtoothersegments，

anddoesnotre且ec七theotherconstituentsthatconstruCttheelementsofcoor－

dinatestruCtureS・ByintroducingstruCtl血1simi1aritymeaslue，Wemayimpr血e

theaccuracy皿Chmore・

7．2　FutureⅥわrk

Ⅵ屯needtostudythebestwaytointegra＾ethedependencypreferenceofsubor－

dinateclauseswiththebasic＄tatisticaldependencyanalysismodel．AIsoweuse

thedistanCefeatureswhenlearmingscopeembeddingpreferenceofsubordinate

clauses．

TbstudyhowfbrthesameteClmiquecanbeapphedtoEnglishsentences，間

wi11impleme血aparserforanEnglishse血ence・

W占alsoapplyautomaticfeatweselectionbydecisionliststotheprobabihstic

estimationofbasicstatisticaldependencyanalysismodelinChapter3・Butto

learndecisionlistsforwholedependencyrelationneedsv誠tamOu止Ofcompu－

tationalresources，andiftherearema叩featwes，thecombinationoffeatures

increasesexponential1ylBecausedistanCefeaturesareCO出inuousvalue，thereare
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amanypOSSibilitytodividethe・rangeOfvalueintodiscretefeatures（forinstanCe，

see恥ble6）．Thispossibilityalsoleadstotheexplosionofthecombinationof

f6atures，andnaiveapplicationofthedecisionlistapproachbecomesimpossi－

ble．Thenwewillfirstapplythedecisionlistapproa血toestimatetheHead

CollocationPrDbability．co血inuance
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Appendix

AJapaneSeSubordinateclauseisaclausewhoseheadsegmentsatisfiesthe

fo1lowlngprOperties・14

1．Thecontentwordspartofthesegmentisoneofthefo1lowingtypes：

（a）Apredicate（i・e・，aVerboranadjective）・

（b）nounSandacopulalike“Nounldeard，（inEnglish，“beNounl’’）・

2．Thefunctionwordspartofthesegmentisoneofthefo1lowingtypes：

（a）Null・

（b）Adverb七ypesuchas“Verblippou－de（Clause2）”（inEnglish，

“（subject）Verbl・・・，Ontheotherhand，（Clause2）”）・

（c）Adverbialnountypesuchas“Verbltame”（inEnglish，“

わVeγむ1”）・

（d）FbrmalnountyPeSuCh as“Verblkoto”（inEnglish，gerund

“Verむ1－ing”）・

（e）Tbmporalnountypesu血誠“Verblmae”（inEnglish，“bqfbre

（subject）Verむ1・‥”）・

（f）Apredicateconjunctiveparticlesucha5“Verb19d’（inEnglish，

“although（subject）Verbl・・・，”）・

（g）Aquotingparticlesucha5“VerbltO（iu）’’（inEnglish，“hay）

that（subject）Verbl・・・”）・

（h）（a）～（g）fo1lowedtwtopicmarkingparticlesand／orsentence－final

Particles・

14This definitionincludes adnominalclauses or noun phrase modi秒ing clauses“Clausel

NA”（inEnglish，relativeclauses“NAthatClausel”）・Sinceanadnominalclausedoesnot

modifyanypo＄teriorsubordina＾eclauses，butmodifiesaposteriornounphra5e，WeCOnSider

adnominalclausesonlyasmodifieeswhenanalyzingdependenciesbetweensubordinateclauses

in asentence．
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