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CORRECTIONOFWORDSEGMENTATIONERRORS

THROUGHCHARACTER-BASEDHMM

HIRoYuKISHINNouANDMAsANoRIIKEYA

乃αｧα彫り7ziUe7､3",Dep(z7､ime”ｵqfSi/stemsE7zgineering

4-12-Z"tz舟α冗αｧ“α'"α,藤"chi,.Ib(z7､α彫,316-85ZZ,Jqpα”

Wordsegmentationfbracompoundisanimportanttechnology.Ingeneral,Wordsegm.xltati"
canbecond,ibtedbymorphologiCalanalysis.However,morphologicalanalysishastheproblemqf
unknownwords.InSteadbliarabtbrebasedHMMdoesnotsuffbritsproblem.Ontheotherhand,
character-basedHMMcannotrecognizeawordcomposedofxnanycharactersasoneword,but
morphologicalanalysiscandoiteasily.Thus,therespeCtiveweaknessesofmorpholo8ic.l_analysiS
andcharacter-basedHMMcompensateeachother・Inthispaper,weproposeamethodinwhich
morphologicalanalysisandcharacter-basedHMMarecomPlementary_toeaqhother,in.orderto
segrfientgcompoundintowords.Weusecharactep.basedHMMto_modifywordsegnlCntatipn.eriZorg
pr5ducedbyrribrphologicalanalysis.TofindtheseerrorsweusetheerrOrpatternqfmqrphqlogical
analysis.Throughexperiments,weestirnateourmethodcancorrectaboutthreefburthsoferrors
whichmorphologicalanalysisWillproduce.

Ke"｡,,as:character-basedHMM,morphologicalanalysis,wordsegmentation

INTRODUCTION

Inthispaper,weproposeamethodinwhichgeneralmorphologicalanalysisandcharacter-
:dHMM(HiddenMarkovModel)arecomplementarytoeachother,inordertosegmentbasedHMM(HiddenMarkovModel)arecomplementarytoeacnomer,mordercosegmenG

aco mpoundintowords．，
Wordsegmentationfbracompoundisanimportanttechnologybecauseitis"requked

notonlyinconventionalnaturallanguagesystemsbutalsoininde]dngoffillltextsearchand
retrievalandanaysisofretrievalkeys.Ingeneral,wordsegmentationcanbeconductedby
morphologicalanalysis・However,morphologicaanaysishastheproblemofunknownwords
besidesincompleteaccuracy・Thus,methodsotherthanmorphologicalanalysishavebeen
proposedfbrwordsegmentation,suchascharacter-basedHMM.Character-basedHMMdoes
notsuffertheproblemof血knownwordsbecauseitisacharacter-basedmethod.However,
character-baSedHMMcannotrecognizeaWordcomposedofmanycharactersasonewordifit
learnscostst6o曲PutacharacterwithmovementfromonestatetoanotherbyusinguniF.gram
andbi-gramobtainedftomtrainingdata.Therefbre,character-basedHMMneedsfilrthもr
development.Yamamoto(1997)addedinfbrmationofapartofspeechtoeaChcharacter.
TsUji(1997)derivedthenumberofwordsinacompoundfiomabilmgual_digtip"y・Oda
(1998).exteildedoutpUtsymbolsonHMMtovaJ:iablelengthnggragnthrou"""mojel.

WeshoilldnotethatmbrphologicalanalysisdOesnotsuifertheaboveproblemofcharacter-
basedHMM､It･,israthereasyfbrmorphologicalanalysistorecognizeawordcomposedof
manycharacliersaSoneword・Ontheotherhand,errorsofmorphologicalanalysisoccurin
alocalpartinacompound,andcharacter-basedHMMcanavoidsucherrOrs.

Accordingly,morphologicalanMysisandcharacter-basedHMMarecomplementaryto
eachother.Iilthispaper,wecorrectwordsegmentationerrorsproducedbymorphOlogical
analysisthroughcharacter-basedHMM.Thequestionishowtoiinderrors.ofmorphological
analysis・Inthispaper,weimporterrorpatternsofmorphologicalanalysis.Ifwordsegmen-
tationbymorphologicalanalysisincludesapreparederrorpattern,wecompareitwiththe
correspondingpartofwordsegmentationbych"acter-basedHMM.Iftheyarediffbrent,we
correctthefbrmertothelatter.

LastwenotethatweuseJUMAN3､5asamorphologicalanalysissystem.
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1.WORDSEGMENTATIONBYCHARACTERFBASEDHMM
■■

1.1.Ch"acter-basedHMM

HMMnfisdeiinedbysixelements:S,Y,A,B,7rand".Sisasetofstates,Yisa
setofoutputsymbols,Aisasetofstatetranslationcosts,Bisasetofoutputcosts,7risa
setofinitialstatecostsandFisaSetofhnalstates.

Theproblemofwordsegmentationistransposedtotheproblemofassignmentofthe
wordboundarysign(1)ornotwordboundarysign(O)betweeneachtwochaｴacters.ThUs,
wesetStobe{0,1},zrandrtobe{1},andYtobeasetofbiPgramofJapanesecharacter.
Moreover,weignoreA・ThesettingofBconstructsthecharacter-basedHMMM.

InHMM,wecanestimatethesequenceofstatesmwhichobservedoutputsymbols
pursuebytheViterbialgorithm.Thatis,wecanestimatewhetherthewordboundaryexists
be"eentWOcharactersornot.Accordingly,wecansegmentacompoundintowords(refbr
toFigurel).

者優先道
一今。●●一

/歩行者/優先/道路／

＠
①

寂

~

FIGuRE1.WordsegmentationthroughHMM

1.2．Calculationofoutputcostshrcharacters

LetBij(@6)bethecoststooutputthecharacterbiPgramo6withmovementhomthe
stateitothestatej・Inthiscase,calculationofB,,(@6),B10("6),Bo1(c6)andBoo(c6)hr
eachcharacterbiPgramGbcorrespondStotheconstructionofB.

ToobtainvaluesofBij(@6),weconductedmorphOlogicalanalysisfbrone-year'sworth
ofnewspaperarticleshomMkkeiShinbunCD-ROM'90,andpichdupcompounds.Ebr
eachcharacterinapickedPupcompound,WecanknowWhetherthewordboundaryexistson
theleft(andtheright)ofthatchmacterornot.LetC(j,j,Uz)bethenumberofCharacter
qsuchthatitsleft･stateisianditsrightstateisj.Forexample,thecompound4$自然言
語"issegmentedinto/自然/言語/bymorphologicalanalysis.Thus,C(1,0,自),c(0,1,然),
c(1,0,言)andc(0,1,語)areaddedtol.WedefineBjj([z)asfUlows:

c(j,7,c)+1
B"(c)='og'**1

一 q■■

●

NotethatjisthestateOfnotj,thatis,7=0ifj=1andy=1ifj=0.
NextwedefineC(i,j,@6).ThismeansthenumberofchnracterQsuchthatitslenstate

isianditsrightstateisjandthenextcharacterofcis6.C(j,j,c6)isobtainedthrough

凸

compoundspickedupab･ve.Moreover,letBIj(｡6)bethecoststooUtputthecharacterQ
withmovement丘omthestateMothestatej,Wherethenextcharacterof@is6.Wede伽e

＝
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1も｡.｡■申

itas幼nOWも濠・・・

c(i,7,@6)+1
酷(@&)='og'5i;"*i

LastwedefineB"([z6)bylineazcombinationofBjj([z)andBIj((z6)asfbnows:

助(c6)=Q･B"(c)+(1－α)･BIj(･6)

Inthispaper,wesetatobeO､3．

2.CORRECTIONOFWORDSEGMENTA亜ION恥面面.ORSBY

CHARACT配圃戸BASEDHMM

2.1．Errorsofcharacter-baSedHMM
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Mosterrorsofcharacter-basedHMMarecausedbywordscomposedofmanycharac-
ters,becausecharacter-basedHMMjudgeswhetherthewordboundaryexistsbetweentwo
charactersornothomtherelationbetWeenthesetwocharactersandoneortwocharacters

surroundingthem.Fbrexample,"i次産品共通基金''isonewordmtheJUMANdictionary.
Itisnotaquestionofwhetherthatcharactersequenceisonewordornot.Intherequired

application,ifthatcharactersequencemustbeliandledasonewordandisregiSteredasone
wordinthedictionary,weshouldjudgeittobeoneword.

ThecorrectwordsegmentationofthischaraCtersequenceGGl次産品共通基金''is
/1次産品共通基金/.Ontheotherhand,thecorrectwordsegmentationofthecharacter
sequence6G1次産品"is/1/次/産品/.Thatis,wecannotjudgewhetherthewordboundary
betweenGG1''and6G次''existsornot,byusingonlytherelationbetweenthesetwocharacters
andoneortwochmacterssurroundingthem.MoreoVer,wecannotjudgeitevenbyusmg
therelationbetweenGG1''and8G次産"andrelationbetweenGG1"andG$次産品”

●‐

However,itiseasymrmorphologicalanalysistocorrectlysegment"1次産品共通基金”
and"1次産品''intowords.
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2.2.Errorsofmorphologicalanalysis

Mosterrorsofmorphologicalanalysisarecausedbyunknownwords.MostJapanese
wordsarecomposedoftwoorthreecharacters・Thus,unknownwordcomposed㎡twoe

characters6G○○''issegmentedas/Q/O/andunknownwordcomposedofthreecharacters
"○○○"as/O/O/O/or/O/○○/.

Besidesthecasesofunknownwords,wordsegmentationerrorssuchas/O/○○～mr
/○○/○～iStypiCalinJUMAN,;、‘

WecanhndacommOncharacteristicamongtheabovepatterns,thatis,thelengthofthe

iirstwordmsegmelltedwordsisone..Forthatreason,thepartinCludingawordcomposed
ofonech"actermaybeincorrectsegmentation.

Ontheotherhand,character-basedHMMiseHbctivefbrsuchlocalsegmentation.

、
■
■
■
●
■

2.3．Complementaryusetoeachother
●

Aswehavesaid,therespectiVeweaknessesOfmorPhologicalanalysisandcharacter-based
HMMCompensateeachother．一．・

InthisPaper,weproposeamethodinwhichthemorphologicalandysisandchazacter-

basedHMMarecomplementarytoeachother,inordertosegmentacompoundintowords.
FirStweconductwordsegmentationbythemorpholOgicalanalysisandchmacter-basedHMM

1
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simultaneouslysidebyside,andthencomparethetworesults.Basicallyweaccepttheresult
hommorphologicalanalysis.However,thepartincludingthepattern/O/○～/ismodihed
tothecrrespondingpart/○○～/oftheresultofcharacter-basedHMM.

Wenotethatthelengthof/O/○～/andthelengthof/○○～/arethesame,andthe
positionsofwordboundarymarkG:/''in/O/○～/andin/○○～/matchonlyinthefirst
positionandinthelastposition・TheundernnedpartsinTablelareexamples・Inthis
paper,wenamethispatternPO.
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TABIJB1.Examplesofmodifcation

IMorpholQgicalanalysisIHMM ’
/鈴木/健/四郎／
/永島/帝/二/さん／
/河/口利/加さん／

/鈴木/健四郎／
/永島/帝二/さん／
/河口/利加/さん／

/東/大卒／ /東大/卒ノ
ー

3.EXPERIMENTS

Weextracted8,543kindsofcompoundshomnewspaperarticlesofMainichiShinbunCD-

ROM'94inorderofappeazance.Weconductedwordsegmentationbythemorphological
analysisandcharacter-basedHMMsimultaneouslysidebyside.Twowordsegmentations
mr7,760kindsofcompoUnds(90.8%)werethesame,buttwowordsegmentationshr783
kindsofcompounds(9.2%)weredifbrent・Thenumberofwordsegmentationsproducedby
morphologicalanalysis,whichmcludesthepatternPO,was212(2.5%).Fbrthese212kinds
ofwordsegmentation,wemodinedthembywordsegmentationprOducedbycharacter-based
HMM・WeshowapartoftheminTame2:

配

TABLE2.Correctionofsegmentation
9

IHMMImorphologiCalanalysis ’
/延/岡市／
/奥谷/喬/司／
/追/加点／
/病/人食／
/島/内/監督／
/若/田光/一/さん／
/若/貴兄/弟／

/小泉/順/一郎/郵政相／
/織田/大/次郎/店長／

/延岡/市／
/奥谷/喬司／
/追加/点／
/病人/食／
/島内/監督／
/若田/光一/さん／
/若貴/兄弟／

/小泉/順一郎/郵政相／
/織田/大次郎/店長／
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Wecheckedwhetherthemodiiied212kindsofwordsegmentationarecOrrectornot.

Asaresult,178kindsofwordsegmentation(84.0%)werecorrect,but34kindsofwdrd
segmentation(16.0%)wereincorrect.However,fbrl5kindsofwordsegmentationinthese
34modiiications,theoriginalwordsegmentationproducedbymorphologicalanalysiswere
mcorrect,too・Hence,19kindsofmodiiCationwereadverselyamected.
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4.REMA圃磁S
●

4.1．Ratiooferrorscoveredwiththepattern

Inthispaper,weareconcernedwithonlyerrorswiththepatternPO・Errorswithother
patternsexist,sotheaboveexperimentsdidnotshowbyhowmuchtheprecisionofWord
segmentationisimproved、

Herewerandomlypickedup783kindsofcompoundshom8,543kindsofcompoundsused
intheaboveexperiments,conductedmorphologicalanalysishrthem,andcheckedwhether
theywerecorrectornot・Asaresult,wefbund28kindsofwordsegmentationerrors,and26
mndsofthemhadthepatternPO・Ourmethodcancorrect84､0%oferrorswiththepattern
PO,soweestimatethatourmethodcanCorrect78.0%(=0.928*0.840)oferrorsproduced
bymorphologicalanalysis.

4.2．Wmdsegmentationfbrcompoundsinotherdomains

IntheeXperiment,weusedcompoundshomnewspaperarticles・盃ainingdataisalso
Obtainedhomnewspaperarticles・TheremretheevaluationfbrourmethodmaybeoPtimistic.

Hereweconfirmtheavailabilityofourmethodmrcompoundsinotherdomains．We

randomlypickbduptechnicaltermswiththecompoundfbrmhomthreedomains:theeco-
nomics,theinfbrmationscience,andthemedical･science.Next,weappliedourmethodto
thesecompounds・Theresultwasasmlows:

TABI@E3Resultmrcompoundsinotherdomains

|modiiicationlvalidlnotvalidlboth…rl’’ cOmpounds
●
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econ⑥面Ⅷ毎塁
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皿edi症到lscience

ThistableShowsthatourmethodisvalidfbrcompoundsmdomainsoftheeconomics
andtheinmrmationscience,butisnotvalidfbrcompoundsinthedomainofthemedical
science.Weguessthatitisbecausetermsindomainsoftheeconomicsandtheinfbrmation
sciencearehequentlyappearedinnewspaPerarticles,buttermsinthedomainofthemedical.
sciencearenot.

Thatis,ourmethodisnotsoavailablefbrcompoundsmtheverydifferentdomainnom
trainingdata・However,Table3showsthatthepatternPOisvalid.

伊
卜
吟
醇
』
尾
酵
脹
胸
口
測
欝
ｑ
課
〃
■
Ⅲ
設
叩
》
、
ロ
師
１
勺
。
出
講
Ｂ
、
○
１
℃
！
■
Ｆ
Ｄ
Ｑ
０
Ｚ
ｏ
－
Ｂ
■
８
幻
９
■
６
●
・
●
９
台
で
ロ
●
．
。
。
■
・
０
．
も
、
■
■
■
Ｕ
８
ｏ
０
ｌ
■
１
●
国
名
ｏ
ｊ
ｏ
ｏ
ｐ
＃
●
●
●
●
■
。
△
●
■
申
。
。
●
●
。
そ
い
●
。
。
〃
ｄ
Ｄ
ｂ
・
圧
●
①
◆
△
！
．
咄
ｆ
ａ
８
，
■
。
、
■

4.3．Assignmentofpartofspeech

Ourmethodhasthedefbctthatthemodifiedsegmentationlacksapartofspeech・We
canpartiallycopewiththisprOblembygeneratingallpossiblewordsegmentationSthrough
JUMAN.Fbrexample,JUMANproduces4possiblewordsegmentationsfbr"東大卒".The
segmentation/東大/卒/inthemisonlyone/東大(organizationname)/卒(normalnoun)/.

Byusingthisinfbrmation,wecanassignpartsofspeechtothemodifiedSegmentation.

4.4．Relevantresearch

usedthecharacter-basedHMMnotrequiringadictionmytocopewithunknown
Othermethodsnotrequiringadictionaryinvolvemeasuringthestrengthofthe

we

words.
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connectionbetweencharacters・Inordertomeasurethestrengthoftheconnection,theuse
ofmtualinformation(Sproatl990)andthelikelihoodratiotestofhypotheses(Kageura
1997)havebeenproposed・However,thesemethodshavealsothesameproblemasthe
characterbased-HMM,thatis,cannotrecognizeawordcomposedofmanycharactersasone
word.

Weobtainedparametersofcharacter-basedHMMbyusingwordsegmentationproduced
bymorphologicalanalysis,soourmethodisclassifiedasaSupervisedlearningmethod・Hence,
ourmethodcannotbeexportedtoanewdomainwhichincludesmanyunknownwords・In
thiscase,anunsupervisedlearningmethod(Nagatal997;Sproatl996;Lnol996etc.)is
required・Thiswillbeourmlturework.

『

5．CONCLUSION

血ordertosegmentacompoundintowords,thispaperproposedamethodinwhiCh
morphologicalanalysisandcharacter-basedHMMarecomplementarytoeachother.

Character-basedHMMcannotrecognizeawordcomposedofmanycharactersasone
word,whileerrorsofmorphologicalanalysisarelocalandhaveaparticularpattern.The
partofsegmentationwiththispatternismodiiiedbysegmentationproducedbycharacter-
basedHMM=

IneXper加ents,weappliedourmethodto8,543kindsofcompounds・Asaresult,our
methodcorrectedl78kindsofincorrectwordsegmentationproducedbymorphologicalanal-
ysis,butl9kindsofmodihcationwereadverselyamected・FromtheratiooferrorscoVered

withtheusedpattern,weestimateourmethodcancorrectaboutthreefburths(78.0%)of
errorswhichmorphologicalanalysiswillproduce.
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