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Firstweleamthedecisionlistfbrthewoldsegmentationtask

throughtrainingdata.NextusingtheobtaineddeciSionlist
weccinductwordsegmentationfbrtrainingdata｡Thispro'､
ertymeansthatthejndgmentofaninstancethroughthehi"
raIikedevidenceisalmostcorrect.Therefbrewepresumethat

tiletagassignedtotheinstanceisincolrectifthejudgment
madebasedonthehighrankedevidenceismcorrect.

ThesecondclueisthenamreofAdaboost・Adaboostis

amethodtoconstructastrongleamerbycombiningWeak
le2mers・Adaboostbuildsthefirstclassifier;whichisthe

wordsegmentationrules,throughtrainingdata.Thenitpses
thiscla"i6ertodetermineeachinstanceoftrainingdata.

●

ThenwePickUpthemiajudgedinstances.AdabOQstgjvesThenwepickUpthemiajudgedinsiances・Adaboostglves
addedweighttolhesemstancestore-construCttrainingjata,
andleamsThesecondclassinerthroughit.Thisprocessisit.
eratedTtimes,.sothatAdaboostmakesTclassms・Final
judgmentismadebyaweightedmaiorityvoteofTansV"
iroiirclassifiers.1ntheiteration,tagsofinstanceswhich
AdaboostcannotleameasilyareprobablyinCOrrect[Freund
andSchapire(translationbyNaokfAbe),1999][Abney"1,
1999]・Thexefbre,ifaniIistancegainsmuchweightinthe
boostingproCess,thetagassignedtOthiSinstanceispresumed
incorrect.

Intheexperiment,weappliedourmethodtoUneXy
･

UniversityCorpus,wherewordboundarytags3Ildsentel4.:､,
strucmreiagsdieassig,edmanuany;WesortCd"ancesin
theorderofpossibilityoferro喝andproVidedlOOinstances
withthehigliestranks.MostofthemhavetagsWihichwecqn-
noteasnydetern血etobeco江ectorincorrect.Therearealso
21instancesthathaveentirelyincorrecttags.

AbStract

TheinductiVeleammgiseffectiVefbravariety
ofnaturallanguageprocessingproblems･How-
eVe喝itneedsexpensivetrainingdata・TheqUal-
ityofleamedrulesoftendependsonthequality
oftrainingdataused.Inthispape喝weproposea
methodtodetecterrorsintrainingdataautomatP

icallytoimproVethequalityofthetrainingdata.
WeconsideraJapanesewordsegmentationprob-
lem,inwhiChtrainingdatameansthecorpusin-
cludingwordboundarysigns.Weusetwocluesto
detecterrors・Oneisapropertyofadecisionnst,
andtheotheristhenamreofAdaboost・IneXperi-

ment,weprovidedlOOdoubrUlinstancesfromthe
n'otoUniveristyCorpus,whichisthemOsttrllsta
WorthyJapansetaggedcorpus・Mostofthemhad
tagswhichwecouldnoteasilydetern血etobecoIE
rectOrincorrect・Moreover21instanceswereactu-

･allyerrors.
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Innaturallanguagepmcessing,itiseffectivetoconvertprQb-
lemstoclassificatiOnproblems,andtosolvethemby3nin-
ductiVeleamingmethOd.Inthisstrategyitheinductiveleam-
ingneedsalargeamountofqualitytrainingdata.HQwever;
trainingdataaregenerallycompiledbyhand,andarethUsCx-
pensiv5toconstrnct.ASaresult,thequqlityofleaIledUlles
6ftendependsonthequalityoftrainingdatausCd.Tllerefbre,
improvifigtheqUalityoftrainingdataiseffe@tivetoimprove
theleamedrules.

InthiSPapeI;weproposeameUlodrbdetecte"rsin"in-
ingdatagufbmaticallytoimprovetheqUalityOfthetrailling
data・丑ainingdataOftenhaserrorsbecauseitiscompiled
maIiually6Th6refbredetectionoferrorsintrainingdataand
correctiOnofthemimprovequalityoftrainingdata｡Inthis
pape喝WeconsideraJ"anesewordsegmentationproblem,in
WliichtrainingdatameansthecorpuSincludingwordboUnd-
arysigns,whichwecallthewordsegmentedcoIpus.Thus
ourmethodisregardedasUlemethodtodetectedsegmenta-
tionerrorsinthewordsegmentedcoIpus.

Weusetwocluestodetecterrorsinthetrainingcorpus.

Thefirstclueisthatthehigherranktheevidenceinthede-
cisionlist[YarowslO',1994]is,thehigherprecisionithas.
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2Wordsegmentationbythedecisionnst

Letusassumetheinputsentencescomposedof冗charac-i
terstobes=clc2…crzwherecfisacharacteltWecan
conductwordsegmentationbyassigningaclasS+1qr-1to
6iwhichisihePOsitionbetWeenciandci+,.Theclassナ1i
6FIMnSMtthewordbblindaiyexistSOrdoesnot=is[
respectively.Thatis,wecanregardthewordsegmentalion§・
prj]lemaftheclassificationprdI]lemthatweassignacla8s
+1or-1to62(j=1,2,…,冗-1).
TherearevariousmethodstosolveclassificationproblemS,

O

andthebestmethoddependsonthetypeofprpblem.hlthis
paperiweusethedecisionnst[YarowsIqﾉ,1994].
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2.1ConstructionofthedeciSionlist

Thedecisionlistisakindofinductiveleamingmeth94wiliCh
igiinS~CiasSificationrulesfromtrainingdata.EssCntiqllybitis
Ziableinwhichevidencesaxearrangedtoidentifyth"lass
iil:theorderofstmengthofidentifymgtheClass:jrhe3id"ce
iSthepairwhichcomsistSanattribU"ld!tpyal"・Theclass
isdem血edbytheevidence,withthemg"tid"tifyinS
Sired"inthe6onhexLmthispapenjwcqpll"pairyhi9h
E5iBMtheevidenceandtheodtPtltclass(Whrhisalinqin
iig"Cisionmst)amle.Thus,thedecisionlistarrangesrules
inorderofreliabilityb
T11edecisionlistisconstrucfdasfbllows.

SteplSettheattributes.
Ibrexample,weassumenattribues
q鉈19｡"27・・・,α赫冗．

､､j2DerivethefteqUencyofcollocationbetweentheevi-
denceandtheclaSsthroughtrainingdata.

SUpposethevalueofanatiri.utWt9(aninstanc.i:9
analheclassofthis.instanceisC・血thiscase,weaddl
EIErnemlenbyofi,ecoUocatiOn((α齢,｡),C)between
theevideice(dtt,｡)andtheClassC.TllisprOce"ng
iSdOnefbraliatttiljiltesofallinstancesinthetrainmg
data.

Step3DennetheoutputclaSsfbreachevidenceanditsiden-
nfyingstreng曲．
IfthefrequencyofcOnocation(("tt,C&),C)ism,the
@Iggs6w賊chgivesthemaximumyaluqOf"is_qne

●

oumutclassfbri,iseViqenpQ(α齢,"),anditsidentiq-
itigstrengthpm"(.tt,｡)isdennedbythefbllowingex-

●

●

press10n:

叫州)=log重妾蓋冨
mthispaperiweSeta=0．11"

L__,)4Arrangeidentifyingstrengthspw((qtt,G))morderof
thedimensions.

WeconstructthedecisionlistbyarrangingaUCOllQga"
ddn(((mff,｡),C):inorderofthedimensionsofidentify-
ingstfengthS"((｡tt,c)).

●

2.2Settingofattributes
ThheattdbuesarecluestOdeterminewhiChclas8_toassigntO
6i・EHieattribuesofbi,wesetUpthesevenattributesshown
inThblel.

WEnSethemnegeneralcharactertypesghQWniILIable2.
Detailedcharacterfypesa[ede6nedbydivi4ipgHimgana
WPeMable2intodEHiraganaCharacteritself:

judgmentbasedonthellighr3xke"'ideqc""gggfi
Thus》ifthejudgmentismconsistent,thereis賊ghpossibility
MiiigfbCiseJinstanceisincorrect.Byusing.UlispropeU
weselectinstanceswhichareinfrredtobeincorrectg
CMeCisionliStdetennineswhetherornotawordbound

aryexistsbetweentwoCharac"rs.nlWipmgdamZIilepQW
aiiSwerisassignedtoaninstance,whichn"lsthepon"t
innefiliePbSifionbetweentWoPharac"."WleW.
55nanCEnmidsegmentationbythed"iSionliptfbrtrmxing

総鵜殿雛鳥謡網羅鵬灘竈餓麓
孟品iimidwtheevidenceusedinthejudgmentw"ranked.
Tiietemieinstanceswithhighranksamongselec"dinslances
areinfrredtobeincorrect.

3.ZErrordetectionbyAdaboost

Ipan血gtechniquesthatcOnstnl"9tron51eamWbXcW
Biiiiii"meWeafleamersarecalledboOgtingmePPdS・AdF
a666gimhemostpOpularboostingmethQJ,andhasbeen
theoreticallyandermificallyproved"""c".
migrshowsirJ""T"*｡"trrWi"

sCiME(translationbyNa"Abe),1991]..rW,"aqgggl
giVgrmBMEWeightfoeaChjnstailcC.il"i""IM
Ni6~MEiRifieriSleamedthroughthiStrainingda"aIld
MMMggacl"sofeaGhinst""niraimngd"We
EMPmabOostaddstheWeigh"instanceS"""
iMiXinermedtojudge,inOrdeftore-Constnlctirain=
ingmrrngsecondtlaSifierislePmedtbFO""r
cdnstructedtrainingdata・ThesestepsareiteratedTtimestQ
MSm5SSiHEETinallybwedecidetheclaSsbyaweighted

I

3Detectionofwordsegmenta伽nerrors

3､1Errordetectionbytliedecmionlist

ThehighermanktheevidencemthedeciSionnsthas2"
nighemleprecisionis.FromthisprOpertybweexpectthe
--

'TheadditionofasmaUvalueisaneasyande"ctiVewayto
ayoidZidii"Sfactouycase,asshownin[Ymows"1994].
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Qtt3 Ci-1Ci

att4 Ci"+1

"t5 Ci+1Cf+2

Qtt6 (generalcharacrrWpeQrcf,
geileralcharacCrtypeofcd+,)

α齢7 (detailedcharaactertypeorci,
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First,fbreachinstancewerecoxdhowtheCyidencellied
tojmdgeitsinstancewasranked,andWecallihisrcorq"
WeddhotcarewhetherUlejudgmentisUuecr"sC.NeXt
weselectdoubtminstancesilynlemethodusmgAdabqoS@
andwecallth"einstancesR2・Nextweassignarankm
everymstanncemR2throughthCr"QrdR1,"dSortth"
accOrdingtotheorderofUleirraI火.Thesorrdinstancesare
arrangedm曲eorderofpossibilityoferrorLInthispapenwe
providelOOinstanceswiththe腫邸estraIks.

majorityvoteofranswersfmmrclassifiers,wher巳atisthe
weight"signedmthet-thClaSsinem
mthispape喝theclassiherleamedfromtrainingdatabe‐

comesthddeCiSionlistandtheweightbecomesthefieqUency;
id~ShOrLweassumethataninstmlceintrainiqgqatahas4
Weigmndtheweightisuseddstheh@qllelcyjn"SPcoqd
SMiiheproceduEconStrUCtingthejeci"lisWIn"4戸
"iiiifSh5WnmFigurel,lirsPmofwei"tWnogW
mm.Tbsimp"thecalculation,wegjdej"weight
EMigmiEEMRInmleStweightWouldbei.There",
anSfeVeryinstancemlrainingdatahastWagleyeig#t!.
ime"&t",theweightsofinstancesyPichjhe6"deci:
gMIiSmdgdicorrecdyarenotchaJlged,bu!theweightsof
instancegwnchitjudgedwrongareincreased.
AdaboostfocusesOnthehaxdestinstances,asthemstanees

withthehi"estweightoftennmluttWw"Ug・Byusing
MM5PgiEWbSifiie"ezro""fiigg.dagHqWgvfg
WgHMMtecidethebestnumberTofdecisionlistsby
"eme"andfinallyjUjgePyaWEightejnWo"YQFff
TiudgmentSfmmTdecisionlists・Ifnlennaljudgmentfbr
afin"nceismconsistent,themstanceisgivenaverylaIW
WeiEMithenextstepofbOosting.AsprGSult,inslanceswith
6nJjudgmentfailuresaxeassumedfobeincorrect.

4Experments

WeappliedourmethodtotheWotoUniverSilyPxP"
whergWordboudarytagsandsenCnceSmlCtuneiZME
a"iedmamllyLIith5WotoUmyersiWCoxpus'3W3
SeiEnCeg,thereWexel,635;505plabesWhere"cOUldZdef
i庖而neWhetherawordbomdaｴ砿istedornot.EaChplace
iim~5~EoiifkmiatcorrespondstbaninstanceintheirainiPgD，

data・Astheresult,wemadel,635,505instances.
USmgthistraidngdata,wemadeadeciSion.nsWF"

wea@EImeatheCibssesbfeverymstancebythedecigi9n
iaZiafEEbiMhowtheevidenceusedfbrjUdgmentofihe
mBf盆ncehadbeenranked.

MMeaPPliedAdaboostmihedecisionlist.TheIesults
areshowninFigure2.
idMigZfXeaxisshowstherepetitionofPoos""

they-axisshowstheprecision・AsWecanseehomUlishg-

3.3Errordetectionbycombiningthedecisionlist
andAdaboost

Wehayedescribedtwomethodsmdetecterrorsintrainillg
daiamuSingthedecisionlistandAdaboosl:_resp¥tively:
HereWeconibinethemtodercterrorsmoreemCiently@

21n雌spaperwecounedthenumbeEQf_rrVencesnotbythe
numberofPbrbds,butbythenumberof@EOS"signs.
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'肋"1αgα"ke'wassegmentedmto'komWz"とzk*e'intraining
data,fidwecorrecd7de"rminedthatthesegnentaionis'jo-
"lagαake'3.Eveninthiscase,wecounteachsegmentation
point,whiChis2inthis"ample.

4.1EffectiVenessofuseofthedecisionlist

血thispaper;wemadethI巳edeciSionlists(bl,h2,ﾉZ3),and
ISemgifmaefrminetheClassofaninstancebyaweighted
majoriWv"ofthIeejudgmen".mlxpUghmilures_QftPese
judmnents,weselec"3,349doUbthllipsim"・NeXtwe
3orEdtheSe3,349mstancesmtheordeerdemedbythedeci-
sionlisth,.
Wetheininvestiga"dtheeHectiyenessoftijis@rd"mrSg

mrall3,349instjilceswemanuallycheCMdWhethertheir
classesgiveninthetmainingdataareconBctorincorrect.As
aresultrWefbund215errOis4・mviewtherelationbetween
thenudiberoferrorsandtheorderdennedbydiedecision
Usthl,weinvestigatedtheprecisiOIW,asgurmUgthaLwe
could~ProvideinstmlceswithraItShiglerthaqthemk":
nlFigire3,weshowthegraaphwhiphhgs¥"thexPWsqpd
pasthey-axis・ThisgramShowsthatthehiglerJartia,lhe
higherprecisionis・Tiiafis,theoxderdennedbythedecision
listh,ise"ctive.
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Figure2:Adaboostofdecisionlists I

uxe,thebestscolewasachievedwhendlreedecisi9nliSts
wefemadebytheboostingandthejudgmC"w"doIIgby
theweighCdm"orityvoteoftip"巳edecisionlists・Thus
thenuInberoffalsejudgmenEis3,349．Thusthese3,349
mstanceshayeahighpossibilitytobeerrors・

NextweChecMatlieranksofthese3,349instanceshom
therecordmadebythe6rstdecisionlist・Finallybwepmvided
100instanceswiththehighestraIksamongthem・Thesein-
stanceswerepresumedtObe6norsinthePainingd4tg.
WeinvestigaedtheselOOinstances,andclassifiedthemas

１
１

…

唾

fOnows.

(1)AcmalerrorSC1inStanceS)TheSeinstanfes_wereac-
malerrors.Thistypeissuccessofourmethod.

のConocanons(25instanc鋤血trainingdata,aphraseis
regardedasoneword・Suchhrasesarecollocations.
H5Weverbourmethodofrndetenninedth"acolloca-
tionwas~notoneword,butwassgmenCdintotwoor
morewords.Asaresult,weprovidedtheseaserrors.
Itissubtlewhetherthistypeissuccessorfailureofour

●

mefhnj_

(3)ExpressionswrittenmKagaqharaClers(38ins!gnceg)
血Japanese,i-sofmreignorigiJlareVritrnin

●●

KanafcharaC恥.ItisnotClearwhedlersuChhrases
canberegardedasonewordornot・Eventrainingdata
isnotcodSisrnt.Thus,ourjudgmentsfbrthesePhraSes
oftendiHerhomtrainingdata.ItisalsosubUewhedler
thistypeissuccessorfailureofourmethod.

●

(4)Others(16i"tances)TheseinstaIFeswere.oUr.IWIs-
dercdons・Thatis,tagsoftheseinstancesintraining
datawerecorrect・OfCourse,ourmedlOdfailedtode-
fctthese.Wenotethatalltheseinstanncesoccurredin
expressionswd"ninHiraganacharaacters.

Type(1)isregardedasth6coVectd"lion,sqlhepre-
cisionwasO.21．Wetakethisvalueasfairlygoodbecause
trainingdatawerecamefilllyCompnejbyhand・Moreover
types(2)and(3)aresUbUewhethertheyarqco"9IpKnot.
fferenfeweCOilsiderthatmostofourdetection(84%)was
aCCumに．

rastwenotethattherearesomecaseswheretwoormore

incorrectsegmentationsexistsinonewoId・恥rexample,

ql5

！
Q1

唖

／、ー／、ー一一一一~－L一
0

Figure3:Rankandprecision

4.2E"ctiVenessofAdaboost

WilhoutusingAdaboost@wesUrd29,732jnsiapcegof"
dieg~6filigaaisionlisthl,mtheorderdemedbyhlitselfl
andprovidedlOOinstancesWitiltheligheStrapks・Asare-
SiifWMUndl2acmalexrorsmthese.ThisnumberisSmJler
nmMimmberofacmalerrorsde"rdbyourmethod・mis
showstheerectivenessofAdaboost.

5Discussions5Discuss1ons

5､1USeofthenrstdecisionlrt

Thedecisionnsth,wasusedmsort3,349instanCeSwhich
threedecisionlistshl,h2,ﾉ23hadshownasdoubtfillerrors.
_一一一

3Theword'ko"'qgalnke'isalocationnamne,thatisOneword.
4WehavealreadyreportedthesecrrorstothedevelOpersofthe

KyotoUniversiWCoIpus.
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points・OneistoconvertthetaggingpmblemtoaclassincaP
fionproblem.Anotheristousethedecisionlisttosolvethat
classincationpmblem・恥rexample,ourmethodCanbeused
direcUyfbrh6mOPhonepmblemS[Shinnou,19991.Assum-
ingthathomophonesinnewspaperarticlesarewrittencOre
reCtlybWegenerallyusesucharticlesasUainingdatamsol"
homphoneproblems.Howeverthisassumptionisnotal-
waystrue，Bycorrectingerrorsinkainingdata,tiesysCm
MsolvinghOmophonePmblemscanbeimpmvednbUkiand
Nishino,19981.
InhltureweWnlapplyourmethodtootherkindoftags.

6Conclusions

IntliispapeK;wepmposedamethodtodeCctemrsm"n-
mgdatMUmmatiCallytoimprovedlequalityoftheUaining
data・OurmethodusedtwopropertiestodeCcterrcrS・On'
isthatthehigherranktheeVidenceiilthedecisionnst,thF
higherrecisionithas・TheonleristhatAdaboostaddsmuch
weightintheboostingprocessmincorrectinstance3.
IntheexperimentmeappliedourmethodtojheKyom

UniversityCoIpus.WesorrdinstancesmtheOrderQfpos-
sibi町ofenoI;andprovidedlOOinstanceswiththemghest
ranks・Mostofthemliadtagswhichwecouldnoteasmyde"
minemberueormlse・MOreoover21instanceswreacmally
em"・ThisshowsUleusehlhessofourmeUlod.血勉mre,

wewinapplyourmethodmotherkindoftags.
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Howevereachinstancehasinfbrmationofthreeweightsof
threedecisionnstsh,,ﾉZ2,h3.Byusingtheseweights,wecan
sorttheseinstancesintheorderofthemargin.ThemaIginof
theinstance(",")isdennedbythefbllowingequation.

"E""*(")
t

－

Eα@
t

Roughlyspeaking,thcmargincorreSpQndsmthedistance
ftonItiiePlaneWhichsepma"pOSitiv"ndmegaqvejn-
stances.Thesmallertheniarginis,thesubtlerUledistinction
is.'ITluswecansortinstancesintheorderofthesmallmar-

gin,ThisordermeamthepossibiliWofenorbTYleremrewe
ihaynotneedmusethedecisionnsthl.
Howeverbweonlyused血eedecisionlists.Asaresult,

themmginhasonly3kindsofvaluesbandthehighestl,741
instanceshavethesamnemarginO.28．Thuswecannotsort
instanaesmdetail..The唾施reWeusedthedecisionnsth,.

5.2USeaSthegeneraltaggingsyStem

WeshouldnoCthatthesys"mwhichcandeCctincorrect
tagsisilotalwaystheextremelypIecisetaggmg.syspm.
mereaIemoreasons・OneisdnatUleerrordetectionsys-
rmdoesnotalwaysgivethecorrectanswerfbrtheins"ce
whichtheerrordebCiionsystemjudgesmbecoITect.FIIst
ofallweilcedataggingsysfm,andnextweneedth"ys-
mmdeCctandCmeCtexmisinthexesultpmducedncm

thetaggingsysCm.'IhhesysPmcOmbiningthePggPgsMs-
"manitmfePairingsysmmmaybembremec"thalltje
odginaltaggingsysに皿AnotherreasonisthepmblemOfthe
preemion.7iileEOinbmedsysCmisnotalway6betFrthagjhe
briginalsystemevenifthe~errordetCCtioUSy9tepisu5em．
HhisPapeIMwcusedJuMANsaSiheOriginaltaggngsys-

にm・Th6c6mbmationJUMANandourerrorderctionsys-
temwaslessmanJUMAN,becausethereare21rightcorrec-
tionbuttheremaining79borrectionpmduCC79newerrs.
iiSm,EVeirHIOSHMe79instancesbccurinKanaOrHka｡
ganahrases・Byusmgthispmpertybthecombinedsystem
maybeimprovedaUttle.
Whethefou[errordetectionsystemcanbeusedasthe

generaltaggingsystemdependsoqthe.precisiono"e
iEnmedd主EiOiiliSt.WeliaveconducedsomecorrooboraF
tiveexpedments[Shinnou,2001],hUmehaveJ1oWetnUde
asysCmmoreprecisethanJUMAN・Ourmethodhasclear
liniitationsbecAlseitusesonlysomecharactersbefbreand
afterthefbcusedplacetojudgewhetherthewordbOundpry
existsornotinthatplace.InOrdertouseourerrordetCCtion
systemasageneralWordsegmentationsystem,weshoulduse
alsodictionaries.

5．3Applicationtoothertags

mthispaper;weconsideredonlytagSQfworjsqgmentaa
tion,blii6urmethodcanalsobeappliedtootherkindsof
tags・Tbapplyourmethodtoothertags,weshouldnotetwo

.5JUMANistheJapanesestandardmorphologicalanalysissys-
tem．
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