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1．Introduction   

Inthissection，thehistoricalbackgrollndonstudiesofdialog11eSyStemSispre8ented†theback－  
groundandobjectiveofthea・uthor，sworkaredescribed，andtheoutlineandgeneralorganization  

ofthisartideareshown．   

1．1HistoricalBackgroundonStudiesofDialogueSystems  

Inthe●middleofthe1960s，thedialoguesystemELIZAwasdevelopedbyMIT［l］．AlthoⅦgh  
thisdialoguesystemdoes＝mOtanalyzethemeanlngOfanlnP甘tSentenCe）itdoeseng喝eina ●  
naturaldialoguebyuslngaSimpletemplatemat血ingmethodtha・teX叫CtSkeywordsfromaJn ●  
1nPutSentenCe，andrespondswithatemplatesentencepreviouslypreparednsaresponseforthe ●  
keywords・ELIZAwasofgreatinteresttoartiAcialintelligenceresear血ersd－1etOthesmootlmess  

ofthedialogue，andmarkedthebeginnlngOfstudiesondialoguesystems・  

Inthc1970s，SIIRDLUwasdevelopedasadialoguesystemdealingwiththe＄emanticsof  

aninputsentence【2】．SIIRDLtJisarobot8imulatedonacomputer，andworksinagivenworld  

ofblockswherecoloredblocksofvariousshapeshavebeerLPlacedandareshownonadisplay．  
SIIRDLtJunderstandsanaturallanguagereqlleSt，andmovesablockintheworldofblocksin  
responsetotherequest・Italsorespondstoqueriesinasceneoftheworldofblocks■WilkshaB  
pointedout，however，thatmostofthefacultiesofSⅡRDLtTarebasedonatoyworldproblem  

a，ndthattheworldofblocksis8mdlandrestricted，SOmOStOfthemethodsinSⅡRI）LtT are  

notapplicabletoalargertaskdomain［3］・  
ThetlNIXConsultant（UC）【4】andPut－That－There【5］，Whicha・remOreSOPhisticated  

dialoguesystems）aPPearedinthe1980s・ThetJCisaquestionanswerlngSyStemthatadvises ●  
usersinuslngtheTJNIXoperatingsystem・Thisdialoguesystemiscapableofellipsisresohtion ●  
andreference disambiguation．The UC，however，doesrLOt uSe Sit11ationalinhrmatiom6uCh  
asthestateofthetlNIXoperatingsystemandtheprogressofthedialoguewitha11Ser・h  
a．ddition，queStionscanonlybeinputtotheUCbytypinga＄entenCeOnakeyboard；tlSerSCannOt  
communicate withthe UC througha．microphone．Put－That－Thereis amultimodalsystem  
withfacilities払rspeechrecognition，Simplespoken－1anguageunderstaJnding，POinting－geSture  
recognition）anda・1argevideodisplay・Thismultimodalsystemisbasedonana・PprOa，dLtha・t  
integratesnatural－languagerefbrencesIbyuslngSuChdemonstrativesaぷ以this）耶砧it†竹and以that）叩  
andpointinggestureslnPut throllghamagneticsensor，SOthattheambiguityofreferential ●  
expressionsandrough－and－readygesturesisdisambig11ated・Ⅱowever，thescopeofthespoken－  
1anguagethatthemultimodalsysteIn：understandsisverysmal1andrestrictedinvocabularyand  
gramma・r，becausetheemphasisisontheintegrationofnaturall妙即チgeandpointinggesttlreS・  

hthe1990s，manydialoguesystemsIlaVebeendevelopedowlngtOtherapidprogress  
ofhardwareteclm0logy．ThesedialoglleSyStemSCanberoughlyclassi＆edin七0fourgroups・  

Thefocusofthefirstgroup，Whi血includesthecommandinterfaceshell（CIS）【6］and  
LintaII［7】，isontheutilizationofthesituatiorL・TheCISisausersupportsystem，hkethe  
tTC，thatadvisestLSerSinuslngtheUNIXoperatingsystem・Thedi鮎renceinthesetwosystems  
i8thattheCISautomatical1ychecksthepreconditionsforexecutingaJCOmmalndlfor 
permissiorLtOaCCeSSfilesanddirectories，andrespondsaccordingtothepreconditions・LintaII  
isahuman－rObotirLterfaceimplementedintoanautonomollSmObilerobot・LintaIIgenerates  
situationalutterarLCeSbasedonexternalworldinformationthattherobotgetsthro11ghultrasonic  
sensors・Boththe CIS andLintaII，however，haNelimitedcapabilitiesfornatural1anguage  
prOCeSSlng・  

The secondgroupofdialoguesystemsincludessuchmultimodaldialoguesystemsas  
TOSBURGII［8】andTalkman【9］．TOSBtJRGIIplaystheroleofa・COunter－Clerkemployedina  
fhBt－foodrestaurantandtakesordersfromcustomers．Themainfeaturesofthisdialoguesystem  
arethatitcanunderstandacustomer，sspeech，CarryOnadialoguetotakeordersldisplayan  
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animatedimageofaclerk，reSPOndwithsynthe8izedspeechandtext，andworkinrealtime．  

But，althoughTOSBtTRGIIhaぷgOOdpotentialforuseasa・tOtalsystem，itllnderstandsonly49  

keywords・Tblkmanisaspeechdialoguesystemthatprovidesfacialdisplays†anditiscomprised  
Ofaspeechdialoguesubsystemanda・facialanimationsubsystem・Thisexperimentalspeech  
dialoguesystemwasdevelopedtoinvestigatewhetherthementalbarrierthatoccursduringa  
dialoguewithamachineisreducedbyuslngafa・Cialdisplay・Therefore）aBintheTOSBURGII  
system，thevoca．bularyandgraJmmararelimitedintheTblkmansystem．  

Dialoguesystemsinthethirdgro11PhaⅦbeenfocusedonspeechundcrstanding・lIARC  
【10］，Phoenix【11】，andTARSAN［12】areexamplesofsuchspeechunderstandingsystems．ⅡARC  
andPhoenixarellSedintheATIS（airtraNelinformationservice）domain，andtheytransform  

inputspeechintoSQL，aJlartificial1anguagefordatabaseretrieval・Dtlringthetransforma．tion，  

8PeCChrecognitionandna，tural－1anguagetlnderstandingmodulesworkinlandem，80thatthe  
acc11raCyOfspeechunderstandinglSimproved・TARSANisa・traNela8Sistantsystembasedon  
information－retrieval，SPeeChconversa・tionaccess，andnatural一Iang11ageteClmiques．Itdynam－  

ical1ymodi航es thesize and contentsofthe8PeeChrecognitionlexiconforthenext utterance  
accordingtotheresult oftheinformationretrieval・Thismodificationprocessdecreasesthe  
numberofspeechrecognitionerrorswithoutincreaslngthetimerequiredforspeechrecognition． ●  

Inthesethreesystems，theaccuracyofspeechunderstandinglSimprovedbyintegratingspeech  

recognitionandnatllraト1anguageunderstanding・Ⅱowever，thesesystems arestillnotrob11St  

enoughtodealwiththewidevarietyofling11isticexpressionsthatappearsinspokenlanguage．  

ThefourthgrollPlnCl11desotherdialoguesystems；forexaJmPles，adialoguesystemtha・t  

engagesinacreativedialoguewithnospecifiedgoal［13】andonethatalkwsausertomake  
timing－freeutterances［14】．Theformerdialog11eSyStemi8designedforuseinsituationswhere  

usersdonothaveclearlyspecifiedgoalsorcha・ngetheirgoalsaccordingtoachangelnViewpoint・  
Insuchasituation，adialoguesystemmusthelpusersclar勒orembodytheirgoalsbyresponding  

withhelpfu1andimaginativ℃anSWerS，andultimatelypresentsa七isfactoryinformationtothe  

users・Thelatterdialog11eSyStemallowsuserstointerruPtthesynthesizedspeechutteredby  
thesystem，arLdthistimin㌢丘eeinterruPtionhelpsrealizemorenaturaldialogues・Themain  

focusoftLesedialogue8yStemS，however，1SnOtOnnatural－1anguagePrOCeSSlng・Therefore，their  

naturalー1anguageprocesslnglSVerySimple・  
AlthoughourexperimentaldialoguesystemisausersⅦPPOrt SyStem，1ikethelJC，it  

di鮎rs血omtheUCinthreeways．  

First，the dialoguesbetweenauserandthedialoguesystemarespoken，ratherthan  

na．tural－1angua・gedialogues．Thatis，theuser，srequestsandqueriestothedialoguesystemare  

glVenbytalkingtotIledialog11eSyStemthroughamicrophone，ratherthanbytypingsentences ●  

onakeyboard．IIowever，thespeechrecognitionmoduleofthe－・dialoguesystemisamanufac－  

turedproduct andisnotaccurateenoughtorecognlZeSpOntaneOuS8PeeCh・Nevertheless，a  

spoken－1angua．geunderstandingmodule，Whichisoneoftheprlma・rySubjectsofourwork，has  

beendevelopedandrefirLedundertheassumptionthatspeechrecognitionaccuracyoflOO％is  
attainable・ThisaやSumPtionresults丘omourideathataspeechrecognitionmodulewithlow  
acc11raCyforspontaneousspeech，Whichhasbeenabottlene止inthedevelopmentofaspeech  
dialoguesystem，mayObstructthedesignanddevdopmentofaspoken－1anguageunderstanding  
modⅦ1e．  

Second，Our dialoguesystemconsidersthesituationwhengeneratingaresponsetoa  

user）squeryorrequest・SincethedialoguesystemadvisesusersinuslngSOftwarethathasavisual  
interhceratherthanthelJNIXoperatingsystemItherelevantsituationmustberecon8truCted  
fromlow－1evdinformation such aB the movement ofamouse and the presslngOfa mouse  
button・hthisarticle，a以situation卵isde魚nedasconsistingofthestateofthetargetsoftwarel  
theprogressofthedialogue，andtheeventllistoryoftheuseroperation＄OnthetaJgetSOftware・  

TLird，Ourdialoguesystemisconsideredamultimodalsystem・Theinputfromusers  
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nowconsistsofkeyboardandmouseoperationsandspeech，Whiletheoutputtousersconsists  
ofsynthesizedspeechandtext・InthefutureIinputbygestureandeyecontactandoutplltby  
animationoftheupperhalfofalmmanbodywillbecomeavai1ableinthedialoguesystem・   

1・2 BackgroundoftheAuthorIsWbrk  
Therecentprogressofhardwaretechnologyhasimprovedtheperformanceofintelligen七systems  
andincreasedthenumberoffunctionsinthem・Asaresult，intelligentsystemssuchaspersonal  
computer＄1WOrdprocessors）meSSage－reCOrdingtelephones）andvideotaperecordershavecometo  
bewidelyusedbyordinaJyJapanesepeople・Thesesystems）however†鮎ⅣenOtbeenfully11tilized  
becauseofthecomplexityoftheirconcept血18truCtureandthedi侃cultyoftheiroperation・And  
becausetheirmanualsarelargeandcomplex，maSteringthesystemsreqniresagreatdealof  
labor．  

Thesupportofanexpertconsultantisalwaysavailableforanunskilleduserinanideal  
environment，b甘tmOStPeOplearenotinsuchanenvironment・Ausersupportsy8temthat  
playstheroleofaneXPertCOnSultantisthereforebcingdeveloped・WhenanonexpertllSergCt8  
intotrollblewhileperformlnghistaskonanintelligeI止system，hecanverbal1ya＄kthe8uPpOrt  
systemforhelp・Thesupportsystemunderstandstheuser，sspeechandrespondscooperatively  
accordingtoboththestateoftheintelligentsystemthatthetLSerisoperatingandtheprogress  
ofdialoguebetweentheuserandthesupportsystem・NotethatthetargetlaJnguagehereis  
SpOkenJapanese．  

Suchas11PPOrtSyStemrequiresatleasttwokindsofmethods：Onekindforunderstand－  
1ngtheuserIs8PeeChIandtheotherkindforcontrollingandmanaglngdialoglleSWiththeuser・ ●  
Theproblemstobeconsideredindevelopingthesemethodsaredescribedbelow・   

UnderstandingoftTser，sSpeech  

Fbrausersupportsystemtounderstanda11Ser，sspee血，itneeds tohavenot only a  

SPeeChrecognitionteclmiquebutalsoaspoken－1anguagellnderstandingtechrLiqueadaptedto  
thecharacteristicsofthelanguage【15］．Andausersupportsystemthatisuser一触endlymu＄t  

understa．ndsentencesinauser，sspontaneo11SSPeeCh，tWOOfthema．infeaturesofwhi血arethe  

払1lowlng．  

（1）Whenaspeakermakesupasentencetoexpressa・Certaincomm11nicativeinten七ion（ab－  
breviatedinthisarticleasCI）tobetranSmittedtoahearer，thespeakerselects－either  

COnSCiollSlyorunCOnSCiollSly－OneOfseveralexpressionsthatrepresent theCIequal1y  
well．  

（2）SuchlinguisticphenomnaaSinterjectiors，COrreCtions，hesitations，andinver＄ionsmaybc   

inserted－eitherconsclOuSlyorunconsclOuSly－intotheselectedsentence．  

Tb11nderstandaspokensentence，thes11PPOrtSy＄temthsneedsnotonlyamethodfbr  

removingormodifyingsuchlinguisticphenomena【16］－［18】b11talsoasemanticaJnalysismethod  
thatcanevaluatethes11rface＄truCtureObtainedbyremovlngOrmOdifyingthem．Stlldiesby  

Kumeetal・andonesbyDenetal・arethenlistedup・Sincethedesignofthesemanticanalysis  
methodKumeetal・developed［19］isba8edongeneralprgmatics，thatmethodseems二mOttO  

berobustenoughtodealwithawidevarietyofdisAuencleSWhichspokensentences exhibit．  
Denetal．developedasemantica，nalysi8method［20］whoseactiorLisba8edonthecoherence  

Ofmeamingsofthewordsinasentenceratherthanonthesyntacticcorrec七nessofwords．ThiB  

method，however，Willnotbeputtopracticalusesoonbecausetheordinaryconversationthis  

metl10di＄intendedtodealwithis so丑exiblethatitcannotbeconstrainedbya£Ⅹed setof  
grammaticalrules．  
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Control＆ndManagementofDialogues  

Adialoguebetweena11Serandasupportsystemisgoal－Orientedandisconductedso  

thatausercanaccomplishhi8taSk・ThestruCtureOfthedialoguetLusiscomplex：adialoglle  
mayhaveoneormoresubdialogues†eaChofwhi血isconductedsothatthetLSerCanaCCOmphsh  
a8ubtask．Similarly，aSubdial0卯．emayhaveoneormoresub－Subdialogues，eaChconductedso  

thattheusercanaccomplishasub－Sllbtask．Andthedialogueshouldbecontrolledsothatthe  

usercanaccomplishhistaぷke鮎ctively・  

RecentworksondialogucprocesslngaregenerallydaBSiRedintothosedirectedtowaJd  

understandingadialoglleandthosedirectedtowardcontrollingadialogue．WbrksbyLda．et  

al．，Takanoetal．，andOohiraetal・areOftheformerkind，andworksbyNishiyamaetal．are  

ofthelatterkind・Ldaetal・［21】and恥kanOetal・［22】proposedmethods（fortlnderstanding  

adialoguebetweeneople）basedontheideaofan“uttcrancepair・”Alhoughanutterance  
PairisbasicallyapalrCOnSistingofaqlleStionandaresponse，itwasextendedbyeadlreSear血  

grouptounderstandmorecomplexdialogue．00Iliraetal・［23］proposedamethodformana＄ing  

adialoguebetweenauseranda・dialog11eSyStemindatabaseretrieval，b甘tthismethodisalso  

basedontheideaofarL“utteranCePair．，，Thesemethods weredevelopedj11St tOtnderstand  

ormanageadialoguewithaparticula・rCOmPlexstruCturC，andtheythereforedonotguidea  

usertoaccomplishhistask．The“utterancepair”mechanismisthusnotsuitablefordialogue  

control．  

ThetargetdialogueofNishiyamaetal・［24］isalsoadialoguebetweenauseanda  
dialoguesystemindatabaseretrieval，b11tthemethodtheyproposedisnotforma・naglngthe  

dialoguelmtforcontrollingit．Althoughthismethodcanguidethe11SertOthetargetdatae鮎c－  

tivelybycontrollingtheresponsesthesystemgenerates，itisnotsuitableforothertaBkdomains  

becauseanutteranCethatshouldproducea．subdialogu．eisinterpretedaschange，addition，Or  

deletionoftheretrievalcondition，andasubdialogueisnotproduced・  

1．3 0bjectiveoftheAuthor，sⅥわrk  

AusersllPpOrtSyStemthathelpsauserthro11ghspokendialogueisbeingdevelopedtoserve  
as anintermediarybetween a．naiveuser andanintelligen七system・I）ialog－1eSinwhichthe  

supportsystemca，nParticipateareadvisoryonesandareal1relatedtothe11SeOfXMⅡ【25］，an  
X－Window－basedelectronicmai1handlingprogramthatrunSintheXwindowenvironmenton  
aUNIXcomputerandthatincorporates，displays，COmPOSeS，Sends，andstoreselectronicmail・  

ThisprogramhasavisualinterhceandisoperatedmainlybyuslngamOuSe‥al1thecommands  
areprovidedasitemsonpul1－downmenusandcommandb11ttqP＄thatareexec11tedbymo11Se  
Selectionormousepointing．  

WhenallSergetSintotroublewhileperformlngtaSks，hecanaskthes－1PPOrtSyStemfor  

help．Thesupportsystemunderstandstheuser，sspeedlandgeneratesacooperativeresponse  

appropriatetothestateofXMIIandtheprogressofdialog11eWiththetlSer・   

1．4 0utline ofthe Present Article  

Asdescribedinsubsectionl．2，atleas七twokindsofmethods8houldbeimplementedintothe  

users11PPOrtSyStem：methodsforunderstandingaspokensentcnce，andmethodsforcontrolling  
andmanaglngdialogues・hthisarticlethesemethodsaredevelopedonthebasisofaInalysesof ●  
realdata［26］［27】．Notjustanydataissuitableforthispurpose，andinSection2theproblems  
tobeconsideredincollectingthisdataJarediscussedandsuitabledialoguesarecollected■This  
8ubsectionoutlines thecontentsofSections2to5．   

【Section2．DesignandConstructionofanAdvisoryDialogueDatabase］  
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InthissectionthedesignproblemsassociatedwithconstruCtinga・dialoguedatabaseare  
discⅦ＄Sedfromtheviewpointofcollectingdialoguesthatareusefu1indevelopingmethodsfor  
processlng＄POkenlanguage・ⅩMⅡusageexperimentsmadetocollectsuchdialoguesareshown）  
andthespecifica・tionsofanadvi80rydialoguedatabaseconstructed丘omthosedialoguesare  
describedbrie且y【28】【29】・  

Advi＄OrydialogueswerecollectedfromXMⅡusageexperimentsinwhichanexpert  
consultantprovidedsupporttonaiveXMIIusers・Theuserandtheconsultantwereseatedin  
separatesound－isolationboothsIandtheuserwasaskedtoaccomplishseveralspeci魚ctaBks・The  
usercoulduseamicrophonetoaskthecon＄ultantforhelp，andtheconsultantlisterLedthroサgh  
hea・dphones，generatedresponsesappropria・tetOthesit－1ation，andtypedtheminJapaneseon  
acomputerterminal・TheresponsesappearedontheuserIsdisplayand－Werekepttheresotha・t  
theusercouldrefertothematanytime．  

Theuse8Were42Ⅶndergraduatestudents（28womでnand14men）whohadalmostno  
computerexperlenCe・Theythereforefirs七attendeda30－mlnutelectureonthebasicconcepts  
ofE－mail，howtooperateamouseandaJkeyboard）thebasicfunctionsofXMⅡIandhowtoask  
aconsultantforhelpandreadthearLSWer・Theywerealso七01dthattheywouldbeabletoget  
informationwhenevertheyspoketotheconsultantthroughamicrophone・  

Theexperimentswererecordedonvideotapebyaportablecamerathatalsorecordedthe  
users）speech・There＄POnSeStypedbytheconsultantweresavedintext航Ies†andthemouseand  
keyoperationswereextractedaseventinformationffomXMr［andweresaNedinlogRles・An  
advisorydialoguedaItabasewasconstruCtedfromthesedata・Thespeci負cationsofthedialoglle  
database arethese：  

Numberofuser11tteranCeS：   855 sentences  

Numberofconsultantresponses：1，397 sentences  

NumberofmollSeOPerations： 3，949 times  

Numberofkeyoperations：34，777 times  

Andthecharacteri＄ticsofthedialog11edatabasearethefbllowlng：   

（1）Thedatabasecontainssponta・neOuSadvisorydialog11eS・  

（2）Theadvisorydialoguesareal1relatedtotheuseofXMII・  

（3）Thedatabasecontainsnotonly11SerutteranCeS and consultantresponses butalso11Ser  
Operations．  

（4）Theda．tabasecorLSistsoftextdata：Whenthedatabasewa古■tbrLStiucted，al1userutterances  
WeretranSCribedintoI（anji－ⅨanamiⅩedsenterLCeS．In theXMII11SageeXPeriments，al1  

user operations wereextra・Ctedin textformand saNedinlog魚1es，amdallconsultarLt  

responseswereglVenaSXanji－Kana・miⅩedsentencestha．tappearedontheuser，sdisplay・  

Thiskindofdialoguedatabaseisaveryeffbctive sourcefordevelopingnewmethods  
forprocesslngSPOkenlang11ageandwasinね・CtuSedtodevelopamethodforllnderstandinga  
SpOkensentenceandamethodforcontrollingandmanaglngdialogueswithauser・   

【Section3・UnderstandingofUser，sSpontaneousSpeech］  

Asubsetofu＄erutteranCedata（475sentencesthat16userssaidtoaconsultant）is  
Obtainedたomtheadvisorydialog11edatabasedescribedinSection2．Ofthem，the2988erLtenCeS  

thattenuserssaidareanalyzedtodeterminethetypesofcommunicativeintention8（CIs）that  
areobservedandtheconstraintsbetweenthesurfacestruCtureandtheCIofaspokenseAtenCe・  
ThissectiorLlbasedonthisarLalysis，definesaformfordescribingCIanddevelopsamethod  
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forconstruCtingaCIdescription血omaspokensentence．Thefocushereisonamethodfor  

determiningtheCItypeofaspokensentence【30］［31］．  

Aspoken sentenceconsistsgeneral1yoftwoelements：PrOPOSitiona，ndmod誠ty［32］．  

Propositionisexpressionwhichrepresentsobjectiveeventsorobjectsorboth，andmodalityis  

expressionwhichrepresentsaspeaker，ssubjectivejudgementorattitude．Considerthespoken  

sentence“ファイルを消したい（IwanttOdeleteafile）．”Thisexa，mPlesentencehaBelementsof  

theproposition“ファイルを消す（todeletea丘1e）”andthemodality‘‘～したい（wanttOdo）・”  

TheCIdescriptionofaspokensentenceisthusdefinedasfo1lows：  

（（CItype〉（utteranCePrOPOSition〉），  

where（utteranCePrOPOSition）representsapropositionwhichthe8PO長ert－SentenCehaBandis  
describedinframerepresentation［33］・Y血findthat，in anadvisorydialogue，PrOPOSition  

representsjust the actions，StateS，OrObjectsthat canbedefinedinthecorrespondingtask  

domain・（CItype〉representsamodalitywhichthespokensentencehas，and12di鮎rentCI  

typesarede丘nedonthebasisoftheanalysisofthe298spokensentences．Ybufindalsothat，in  

a・dvi＄Orydialogue，mOdali七yrepresent＄j－1Stthetypeofrequesttoaconsultantorausersupport  

SyStem・DetermlnlngtheCItypeofaspokensentencecorrectlyisessentialinunderstanding ●●  
thespokensentence・ThereforetIlisarticlefocusesonametI10dfordetermlnlngtheCItypeof ●●  
a，SPOkensentence．  

AccuracyoftheCIdeterminationmethodwasevaluated11Slngthe298sentencesana－  

1yzedtodevdopthemethodandthe177sentencesnotanalyzed．Theresultsshowtha．tthe  

methodwas aJCCurateforal12980fthesentences thatwerelearnedda，taandfor89．3％ofthe  

177sentences that wereunlearned data．   

【Section4・ControlandManagementofDialogueswithaUser］  
This sectionanalyzes advisory dialoguesthat arerealdataa・nddevelops adialogue  

processingmethodadaptedtothecharacteristicsofadvisorydialogues［34】［35】．I）ialog11edata  

tobeanalyzed（correspondingtoadvisorydialoguesbetween16usersandaconsultant）is  
Obtainedfromtheadvisorydi融og11edatabasedescribedinSection2．Thisdialog11edatahaB  

499spoken sentences whichthe11SerS Saidtothe consultant，652sentences with which the  

COnSultantresponded，and3，495mo11Seand12，796keyoperationswhichtheuserdid．  

According tothe analysisofthedialoguedataIauSeトCOnSllltant dialoguehas some  
typicaldialoguepattern，SuChas“user－utteranCe【consultant－instruCtion，uSeトOPeration］．”（The  

notation［A，B］meansthatanOrderedsequenceofAandBwasfoundrepeatedly．）Inaddition，  

thepatternofadialogueisdeterminedbytheCItypeoftheuserutterancewithwhichthe  

dialoguebegins・Consequently，adialogueiscontrolledbya“processAow”correspondingtothe  
CItypeofuserutterancewithwhichthedialoguebegins．Thisprocess且owisamechanismthat  

isusedtocontroladialogueandguidetheusertohisgoal，and12dilhrentprocessAowsare  
PreParedonebyoneforthe12CItypesdefinedinSection3・Thedesignofthealgorithmofa  
PmCeSSAowisbasednotonlyonthecorrespondingdialoguepatternbutalsoontheresponse  
generationrule＄【36］［37】・Sincethedesignoftheserulesisbasedontheknow－howofresponse  

generationthatthehumanconsultantemployedinadvisorydialogues，theproce＄S且owscan  

generateacooperativeresponseappropriatetothesit11ation．  

Auser－COnSultantdialoguemayhavenesteddialogues：SubdialoguesISub－StLbdialogue＄，  

andsoon・Suchnested dialoguesdidnotlhowever†CrOSSanOtherdialogue・Consequently，  

PrOCeSSflowsfornesteddialoguesaremanageduslngaStaCk・TheprocessAowatthetopofthe  
8taCkalwaysrunSandcontroIsthenesteddialogue・OtherprocessAowsdonotrunWhilethe  
PrOCeSSflowisrunnlng・ ●  

Themethodpresentedheremanagesdialoguesbetweenauserandasupportsy＄temby  
uslngaStaCkandcontroIseachofthedialoguesbyuslngaPrOCeSSAowsoaBtOguideau＄ertO  
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histaskgoal・   

【Section5．ConstructionofanExperimentalUserSupport System］  

Anexperimentalusersupportsystembasedonthespoken－1ang－1agePrOCeSSlngmethods  
developedinSections3and4wasconstruCted［38】【39］・Inthissectionthea，rChitectureofthe  
experimentalsystemisshownandeachmoduleoftheexperimentalsystemisdescribedbrie且y・  
TheexperimentalsystemconsistsmainlyoftheSpeechRecogmitionmodule，NaturalI．angua．ge  

Processing（NLP）module，DialogueWbrldmodel，ⅩMHsimulator，DialogueProcessing（l）P）  

module，andResponseGenerationmodule・ThisarticledescribesindetailhowtheNIJPmod111e  

andthe DPmoduleworkbecausetheCIrecogmitionmethoddescribedinSection3andthe  
dialogueprocesslngmethoddescribedinSection4wereimplementedintotheirmodules・Note ＝  
thatthespeechrecognitionsystemDS200［40］onthemarkethasbeenuseすintheexperimental  
SyStem aStheSpeechRecognitionmodule・ThisDS200transformscontinuous speechuttered  
byan11nSPeCifiedpersonintooneormoreprede且nedKanji－KanamiⅩedsentences．  

Afterthreeexamplesofdialoguesbetweenasimulatedusera．ndtheexperimentalsystem  
are shown，how each module ofthe experimentalsystem worksisalso shown．In thefirst  

example，the experimerLtalsystemand the user engagedin a typicaladvisory dialog11e．h  

the secondexample，theyengagedin an advisorydialoguewith asubdialogue．Andin the  

thirdexample，the11Serutteredasentencefragmenttotheexperimentalsysteminanadvisory  
dialogⅦe．   

1．5 GeneralOrgani2；ationofthePresentArticle  

Section2describesthedesignandconstruCtionofanadvisorydialogueda・tabase．Itdiscusses  

the design problems a，SSOCiatedwith construCting a dialog11e databa・Se，andit describes the  

COnStmCtionofanadvisorydialog11edatabasebasedonthisdiscussion・Section3describesthe  
understandingofuser，sspontaneousrequestsandqueriesinanadvisorydialogue・Itfocuseson  

amethodfordetermlnlngtheCItypeofasentencespokenbyauser・Section4describesthe  
COntrOlandmanagementofdialog11eSWitha11Ser．Thedialoguedataobtainedfromtheadvisory  

dialoguedatabaseisanalyzed，andadialogllePrOCeSSlrLgmethoda・daptedtothecharacteristics  

Ofadvisorydialog11eSisdeveloped．ThismethodmanagesandcontroIsdialoglleSWithauserso  

astoguidetheusertohistaskgoal．Section5describesthearchitectureofanexperimental  

usersupportsystembasedonthe＄POken－1anguageprocesslngmethodsdescribedinSections3 ●   
and4．Section6concllldesthisa，rticleanddescribestheauthor，splanSforfuturework．  
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2・DesignandConstructionofanAdvisoryDialogueDatabase  
Inthissection，thedesignproblemsassociatedwithconstruCtingaspokendialoguedatabaseare  

discus＄edfromtheviewpointofadvisorydialoguecollection，ⅩMHusageexperimentstocollect  

advisory dialog－1eS are described†and the dialogue database construCted fromthe collected  

dialog11eSisshown［1】【2】．   

2．1Introduction  

Atwo－WaUdialogueisoneofthemoste鮎ctivemeanSOfcommunicationbetweenpeopleIand  
betweenpeopleandmachines・Fbramachinetoengageinadialogue 

＿ 

andgeneratespokenlanguage【3］．IIowever，SPOkenlanguageisdi氏culttoprocess・Especially，  

spokenJapaneSeishighlyflexible，andcannOtbeconstrainedinafixedsetofgrammarrules・  

TbdevelopmethodsforprocesslngSPOkenJapaneSe，itisessentialtoanalyzerealdia－ ●  

log11eSandtofindthecharacteristicsofspokenJapanese【4】．Fbrthispurpose，SeVeraldialogue  

databaseshavesofarbeenconstruCtedandreleasedtothepublic［5］－［7］・Basedonanalysesof  
the8edatabases，SeVeralmethodshavealreadybeendevelopedforprocesslngSpOkenlanguage  

【8〕［9］．  
Ⅱowever，thedialoguesinthesedatabaseswereproducedbysubjectswhowereforced  

toengageinexperimentaldialogues．Insuchaforcedsituation，aSllbjectmays叩Onlywhat  

isnecessary，and mayput higher prlOrityon the dialogueitselfratherthan the act11altask  

goals．In realsituations，humans11Sual1yglVe Priority to achievlng their task goals．They  

asktheconsultantforhelponlywhenitisnecessaryforachievlngthetaskgoals．Theymay  

SayunneCeSSarythings，mayforgettosaynecessarythings，andmaynotknowevenwhatto  

ask．Therefore，al1the dialog11eSObtainedinaforcedsituationcannot beregardedasbeing  

SpOntaneOⅦS．  

Anewdialoguedatabasewiththefo1lowlng正）urfbat11reSWaStherefbreconstructed．  

（1）Thedialoguesareadvisoryonesbetweennaivecomputerusersandanexpertcon－  
Sultant・Thesearegoal－Orientedandconsistbasical1yofquestionsandanswers．Intlleadvisory  

domain，uSerSuPPOrtSyStemSareeXPeCtedtoberealizedinthenearfuture．  

（2）The advisorydialogues areallrelatedtotheuseofXMⅡ［10］，Ⅹ一Window－based  

electronic mai1handlingprogramthat has avisllalinterfaceoperated by akeyboard and a  

mo11Se・VisualinterfacesoftwaressuchasXMⅡaregeneral1y望攣ylbrrLaiveuserstooperate，  

becauseal1thecommandsareprovided asitemsonpul1－downmenllS and comma．nd b11ttOnS  
Whichcanbeoperated11Slngthemo11Se．Ⅱowever，Simplemistakesoftencausefatalerrorsand  

CanPutnaiveusersintodeadlocksituationsbecausethevisualinterfacesoftwaresdonotgive  

thempossiblerecoverymethods．Insuchsituations，Simpleanddirectadviceisthemostuseful  

WaytOSOIvetheproblemsofnaiveusers．Suchadvicecanbegeneratedbyusers11PPOrtSyStemS．   

（3）Intheexperimentsforcouectingadvisorydialogues，thepriaryObjectiveofthe  

userswasnottoengageindialoguesbuttoachievespecifictaskgoalsuslngXMH．Theusers  

COuldverbal1yaskaconsultantforhelpwhennecessary．TheconsultanthelpedthemsoIvetheir  

PrOblemsthroughdialogues・AlthoughtheaveragenumberofutteraJnCeSPeruSerWa，Sabout20，  

OrLeOftheusersdidn’taskforhelpatauandachievedthetaskgoalsthroughtrialanderror．  

Thiswouldn，thaNehappenedintheforcedsituationmentionedabove．   

（4）Thedialogueelementsindudenotonlywhattheuser＄Said，1ikecoモVentionaldatabases，  

butalsotheXMⅡoperationsperformedbytheusers・ThisisbecauseitislmpOrta．nttOCheck  
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theuseroperationsandmanagetheXMHstatestoglVee鮎ctiveadvicetotheusers・Thedia－  
loguedatabaseisusefu1alsofordevelopingnewmethodsformultimodalusersupportsystem8  
becausethedatabaBeCOnSistsoftwomodes，i．e．，utteranCeSandXMⅡoperations・  

Inthenextsubsection，thedesigrLPrOblemsassociatedwithconstruCtingaspokendi－  
aloguedatabasearediscussedffomtheviewpointofadvisorydialoguecollection・Subsection  
2．3describeshowtheadvisorydialogueswerecollectedandwhat dialogueswerc collected・  
Subsection2．4isaconclusionofthissection．   

2．2 DesignofaDialogueDatabase  

Generallyspeaking，dialoguescanbecla＄Sifiedintothreetypes【3】；gO旛0rientedones，gOal－  
freeonesandmixedone8・GoalーOrienteddialoguesaJPPearincontexts such asconsultationI  
informationretrieval，andinqulry・Sincedialoguesystemsareingreatdemandinthesedomains† ●  
theyareexpectedtobeputtopracticaluseinthenearfuture・Goal－freedialoguesaredesultory  
conver＄ations，Chats，andsoon．Fbramachinetobeabletoengageinthistypeofdialogue，maAy  
problemsmustbesoIvedinbothspeechprocesslngandspoken－languageprocesslng・Itwould  
takeyearsbeforealltheproblemsaresoIved・Mixeddialoguesare）forcxampleIdisc11SSions・  
AntomaticprocesslngOfthesedialoguesismoredi瓜culttharLthatofgoal－Orienteddialogues・  
Consequently，atPre＄ent，thetargetdialoguesshouldbegoal－Oriented・  

Whenahmancommunicateswithamachinethroughspontaneousdialog11eS，he／she  
shouldbeabletocomm11nicatethroughspontaneousspokenlanguageinsteadofformalwritten  
language・lIowever，SPOntaneOuSuttera・nCeSwithnoconstraintscannotyetbemanagedbythe  

machines．Ontheotherhand，eXPlicitconstraintsmakedialoguesy＄temSunfriendly．AdialogtLe  

domainmustbethereforeselectedinwhichwhatonesaysandhowonesaysitarea11tOmatically  
restricted．Takingtheaboveintoconsideration，advisorydialogueswasselected，Whi血consist  

baBicallyofquestionsanda，nSWerS．  

ThedialoguesintheATRDialogueDatabase（AI）D）［5］aregoal－Orientedinq11iries・The  
dialoguesintheASJcontinuousspeechcorpus［6］［7］aregoal－0rientedguidances・Thesedialogues  

alsoconsistbasical1yofquestionsandanswers．  

Recently，the“Wizard ofOz”settiIlghas become apopular way of collecting goal－  

Orienteddialogues．hthissetting，aneXPerimenteranda・Subjectengageinadialogue，andthe  

experimenterpretendstobeadialoguesystem．Thesubjectisnotinformedofthefact，and  

ismadetobelievethattheotherparticipa，ntisacomputer・Insuchasituation，itisknown  

thatthesubjectstendtoseaktothefakedialoguesystemusingverysimplelanguage【11］・If  
realdialoguesyste叩＄havelnSu侃cientconversationalabilitiesaA4the－uSerSare11nfamiliarwith  

thesystems，thedialoguesbetweenthesystemsandtheuserswillprobablybesimilartothose  
Cdlectedinthe‘‘WizardofOz”setting．  

1Iowever，PeOPleareexpectingadialog11eSyStemthatbehaveslikeahumarLCOnSultant．  

SincethetlSerSareeXPeCtedtospeaktos11Chasysteminjustthesamemannerastheywo111dto  
almman，the“WizardofOz，，settingwa．snotadopted．Ⅱence，thesubjectsintheexperiments  

WeretOldthatahumanCOnSultantpl叩edthesupportsystem’srole．  

Theknow－howof＄POntaneOuSdialoguecollectionlistedinRef・［7］isasfo1lows．   

（1）Apersonwhoplaysthedialoguesystem，sroleshouldbeanexpertonthetargetdomain．  

（2）Itisimportantthattheexpertunderstandsexactlythesystem，sperformanceandlimitaq  
tions，誠Wellashis／herrole．  

（3）Itishelpfu1ifthepeopleactingasusersunderstandwhanhesystemcarLdo．  

（4）Excessivelydetai1edexa，mPlesshouldnotbegiventotheuserjustbeforetheexperiments．  
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（5）Theusershouldnotactual1yknowtheanSWertOhis／herquestion・  

（6）Theusershouldnotstarttheexperimentwithoutfu11yunderstandinghis／herrole・  

（7）Shiftsintheimitiativeofthedialoguefromonespeakertotheothershouldbecompletely  
且exible．  

（8）Theenvironmentofthedialogueexperimentsshouldbesimilartotheactualdialogue  
sitⅦation．  

（9）Unlessthereareparticularreasonsforselectingataskdomain，OneShouldselecttasks  

withwhichtheusersarefami1iarintheirdailylives．  

Ⅱere，theabovenineitemsarediscussedffomtheviewpointofadvisorydialoguecollec－  

tion・Items（1），（4），（5），（6），（7），（8）and（9）areimportantalsoincollectingadvisorydialog†eS・  

Ⅱowever，item（2）isobject－dependent・Whencollectingdialoguesasbasicdatatodetermlne  

thespeci負ca，tionsofadialog11e－baseduser＄uPPOrtSyStem，thetLSerSShouldaskwhattheywant  

toaskwithouttakingtheotherdialogueparticipant，sresponseabilityintoconsideration・This  

istheonlywofRndingoutwhattheuserswanttorequest・Item（3）isdesirable，butcannot  

bereliedonlnPraCtice，beca11SePeOPlewho askthesupport systemforhelp should not be  

expectedtohavemasteredhowtouseit・Item（5）isanaturalrequirement・Theconditionis  
alsoaddedthat the11Sertru1ywantstoknowtheanSWertOthe query．Thisis thenecessaRy  

COnditionforspontaneO11S dialoguecollection．Iftheprimaryobjectiveofthe11SerSis notto  

engageinadialoguebuttoadLievespecifictaskgoal＄，thisconditionissatisfiedautomatical1y．  

Item（6）isalmostright・However，itisnoteasyforausertoplayhis／herroleperfectly．Ifthe  

userputshigherpriorityonthedialogueitselfratherthantheactualtaskgoals，he／shemay  

SayOnlywhatarenecessary．Inrealsituations，theusermays叩unneCeSSarythings，mayforget  

tosaynecessary things，andmaynot knowevenwhat toask．Theseareinevitablefeatures  

Ofspontaneousdialog11eS．1Ience，dialoguesarecollectedunderthesit11ationthatauserp11tS  

higherpriorityonadlievementofthetaskgoals．  

Adial0即．edatabasewasconstruCtedbaBedonthea，boveconsiderationsa瓜ddiscussion．   

2．3 ConstructionofaDialogueDatabase  

2．3．1 Collectionofadvisorydialogues  

AdvisorydialoglleSWereCOllectedfromXMⅡusageexperiment8inwhichanexpertconsultant  
PrOvided support tonaiveXMHusers・ThesetupoftheexR印m甲tSis shownin Fig．2．1．  

Thetwodialogueparticipants－theuserandtheconsultantMWbreeachseatedinsound－  
isolationbooths・UsingXMH，the11Ser WaS required to achieve severalspecific task goals：  

makingarrangementsforateapartyandsoon・Whenever＝neCeSSary，theusercouldverbally  

asktheconsultantforhelpthroughamicrophone・Theconsultantli＄tenedtotheuserthrotlgh  
headphones，maderesponses appropriatetothesituation，andtypedtheminJapaneseona  

COmPllterterminal・TheresponseswereglVennOtinvoice，butintextformwhichappearedon  

the11Ser，sdisplay．Thetextwaskeptontheuser，sdisplaysotha・ttheusercouldrefertoitany  

time・Figure2・2showstheoperaJtionwindowofXMIIwithahelpwindow．InFig．2．2，the  

leftwirLdowisahelpwindowdisplayingconsultaJntreSPOnSeS．Therightwindowis anXMⅡ  

Window・ThethreemessagesintheXMⅡwindowglVeinstruCtionsfortheuser）staskgoals・ ●  
The＄PeCiRcationsoftheexperimentsareshownbelow・Theuserswere42undergraduate  

Students（28womenand14men）whohadpractical1ynocomputerexperience．Theytherefore  

attendeda30－minutelectureonthefollowlngSubjects：thebasicconceptsofE－mai1，howto  

OPerate amOuSeand akeyboaJd，thebasicfunctionsofXMH，andhowtoaskacons山tant  
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Sound－isola也onbooths  

Figure 2.1 XMH usage experiment setup. 

はじめに、表示したいメッセージをマウスボタン  
で靂択して下きい  

次に、メッセージメェムーの次のメサセージ表示  
を実行して下きい  

実行きれました  
はじめに、拗先となるフォルダをマウスボタン  
で選択して下きい  

尊氏、メッセ‾ジ；姥マウスボタンで融して  

拝し呑㌫甘エユ‾のメッセ‾ジの移動を  

メッセージ作成  

次のメッセージ表示  

前のメッセージ表示  

メッセージの削除  

1rst．これが最初のメッセージ  メッセージのコピー  

マーク蛸す  

別ウインドウに表示  

近事を書く  

メッセージの転送  

別ウインドウで作成  

メッセージの日】刷   

馳．之次は、実照ステップ2  

Tue．1Jun和 一l；之3‡15］富l  

Froれ：〟drl】工to d■  

触S町ェd；くI38印叩，23．▲▲t2S85巾■rα川kl．ko「⊂i亡rl．p．】p  

To：■口「一   

触一触i呼Ib．1  

では、頬のスチッブヨでれ  

なとの  

メッセージを見ています」  

現在」叫血1血・という名前のフォルダには何も人ちていません  

本当に何も入っていないかどうかフォルダを開いて確認して下さい．  
フォルダメニューのーフォルダを開く一を用います」  

確認がてきましたら、先ほどあなたが送ったメッセージ（1血の4呑めにある  
と思いますが）を叫†ol血「に移して下さい．  

メッセージを別のフォルダに移動するためにはメッセージメニューの r 
メッセージの移動Jを用います」ただし、実際の移動には  

Figure2・20peTationwindowofXMⅡwithahdpwindow・   

forhelpandreadtheanswer・The11SerSWeretOldthattheywouldbeabletogetinformation  
whenevertheyspoketotheconsultantthro11ghamicrophone・  

Theexperimentswererecordedonvideotapebyaportablecamera）Whichalsorecorded  
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the11SerS）utteranCeS．Theresponsestypedbytheconsultantweresa〝edintextfi1es）a・ndthe  
mouseandkeyoperationswereextractedaseventinformationfromXMⅡIandsavedinlog丘1es・  

2．3．2 Transcriptofuserutterancesinthedialogues  

Theuserutterancesweretranscribedfromthevideotapes，andonlytranscriptionerrors（omitted  

charactersandwrongcharacters）werecarefu11yremoved・Linguisticphenomena・SuChasinter－  

jections，rePaユrS，hesitations，andparaphraBeSandshortsentencefr喝mentSWeretranSCribed ●  

exactly．SentenceunitswereextractedusingthemethodofRef・［5］，inwhichachainofsema・n－  

tic山1yconnectableBPeeChisregardedasasentence．Ifnecessary，grammaticalrepresentations  

（postpositionalwordsrepresentingconjunctionsa・ndtheendsofsente五Ites）andprosodicinfor－  
mation（pallSeSandintonation）wereusedtodeterminetheendsofsentences．  

ThedialoguedataisadirecttranSCriptionofwhattheuserssaid．Thedialog11eSShown  

inRef．［5］weresubjectedtopreliminaryanalysestoextractillformationsuchaBthecorrespon－  

dencesbetweenJapaneseandEnglishwords，Whichwereatta血edtothetrarLSCribeddialogue8・  

Severalmethodshavebeendevelopedbasedonthesepreliminaryanalyses［12］【13］．Ⅱowever，the  

preliminaryanalysesmightlimitthe－1tilizationofthetranscribeddialoguessincetheythem－  
Selvesareproblemsthatm11StbesoIved．Ⅱence，anypreliminaryanalysiswasnotdone．Note  

thatthetranSCribedutterancesinvoIvepunctuationmarks“、”and“。”，PauSemark“・・・，，and  

questionmark“？”asspeechinformation．  

Twosampledialoguetranscriptsareshownbelow；thesymboIs“U”and“C，，denotethe  

userutterance／operationandtheconsultantresponse，reSPeCtively．Thenumbersfo1lowingthese  

SymboIsareserialnumbers．Tbmakeiteasiertofollowthetranscripts，theuseroperationsarc  

Showninsquarebrackets．TheparenthesizedsentencesaretheEnglishversionsofthetltteranCeS．   

DialogueNo．1   

Vl：どうやって移動するんですか？   

（lIowcanImoveamessage？）  

C2：はじめに移動するメッセージを選択して下さい   

（First，Selectthemessagethatyouwanttomove．）  

U3：［Selectsmessage‘干4．”］  

C4：つぎに、移動先のフォルダを選択して下さい   

（Next，Selectthedestinationfo1der・）  

tJ5‥【Selectsfo1der“myfo1der．”】  

C6：それから、メッセージメニューの中のメッセージの移動、を実行して下さい   

（Next，eXeCuteth？‘‘MoveMessage”commandonthe“Message”menu・）  

U7：［Executes“MoveMessage”command．］  

C8：最後に、フォルダ目次の中の変更の実行、を実行して下さい   

（Lastly，eXeCutethe“CommitChanges”commandonthe“恥bleOfContents”menu．）  

U9：［Exec11teS“CommitChanges”command．］  

ClO：移動されました   

（Themessagewasmoved．）   

DialogueNo．2  

15   



Vll：手紙の内容が出てこないんですけど。   

（Thecontentsofthemessagearenotdisplayed・）  

C12：メッセージ2を選択して下さい。   

（Selectmessage2・）  

U13：［Select＄meSSage2・】  

C14：つぎに、メッセージメニューの中の次のメッセージを実行して下さい   

（Next，eXeCutethe“NextMessage”commandonthe“Message”menu・）  

U15：［Wfonglyexecutes“ComposeMessage”command，Whichi＄neXttO“NextMessage”com－  

mand．】  

V16：二つ画面が出てきたんですけど。   

（Anotherwindowappeared・）  

C17：新しい画面の左下にある終了、を押して下さい。   

（Pushthe“CloseWindow”buttonatthebottomleft－handcornerofthenewwindow・）  

U18：【Pushes“CloseWindow”button・］  

U19：［Executes“NextMessage”command．］   

2．3．3 Specificationsofthedialoguedatabase  

Adialog11edatabasewasconstruCted，Whichconsistsof42datasets・EachdatasetCOnSistsof  

fourfi1es．Thefirstoneconta，in＄thetranscriptsofthespokendialoguesbetweeneachuserand  

aconsultant．Thesecondandthirdfi1escontaindescriptionsofthemouseoperationsandkey  
operation＄，reSPeCtively．Thelastonecontainsbasicstatisticaldataofthedialog11eS．  

First，thedataformatofthefi1econtainingthetranscribeddialoguesisshown・  

Anutteranceisdescribedinthefo1lowlngform．  

（佑f血e伽αたer ∽ね相和Ce）   

UltimeshowsthetimewhenallSer11ttered，andwascounteduplnSeCOndssinceXMⅡw  

StartedllP．劫eaker・iseither“user，，or“consultant．”Althoughthe11SeraCtual1yspoketothe  

COnSultant，theconsultantonlytypedtheresponsesinJapanese．Ulteranceisthesentenceor  

Shortsentencefragmentwhichthe11SerSaid，Orthesentenceorpartofsentencewhichthecon－  

Sulta血typedin．When5如akeris“user”，UtteranceinvoIvespunCtuationmarks“、”and“。”，  

PauSemark“・・・，，andq11eStionmark“？”derived正omthespeechinformation・When郎eakeris  

“consultant，”mteTYlnCeisjustIOnelinewhichtheconsultanttyp9d・Sincetheconsultanttried  

tomakeaquickresponse，areSPOnSeWaSOftendividedintomorethanoneline．Thisena，bled  
theconsultanttOStartreSPOndingwithinafewseconds・   

Examplesl：   

（2204ⅦSer，，どうやって移動させたらいいのかわからないんですけど。”）  

This UttelYmCeCOrreSPOndstotheEnglishsentence“Idon，tknowhowtomoveit．”   

（2207consⅦ1tant”はじめに、，，）  

（2216cons山tant”移動させたいメッセージを選択して，り  

（2218cons111tant”下さい，，）  

Thesethree UtteTmCeSCOrreSPOndtotheEnglishsentence“First，Selectthemessagethatyo11  

want tomove．乃  
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Next，thedataformatofthetwo負1escontainlngdescriptionsoftheXMⅡoperationsis  

Shown・Akeyoperationisdescribedinthefo1lowingform．  

（0－f血e KEYJ）ねce∬ey）   

0－time showsthetimewhenauserdidakeyoperationoramouseoperation，andwascounted  

uplnmi11isecondssinceXMIIwasstartedup．Placeindicatesthecursorpositionwhenthe  

usertypedthekey．Keyshowswhatkeywastyped．Fbrexample，arightcursoトmOVekeyand  

adeletekeyaredescribedinthesy血boIsof“RIGⅡT”and“DEL”，reSPeCtively．AllthePtace＄  

a．ndKeysobservedirLtheexperimentsareshowninTable2．1．   

Examples2：   

（1193・21ⅩEYCOMPA）  

T乱ble2．1A11thePlacesandKeysobservedintheexperiments．  

（a・）KeysobservedwhenPlaceis“COMP．”  

0 2 3 4 5 6 8 9  

A B C D E F GⅡIJX：L M N O P Q R S T U V W X Y Z  
＋－／［］ ＜  ＿）‾＝？◎  

BACKQtTOTE BS CNTL COLON COMMA CR CTRL－A DEL DOUBLE－QUOTE  
DOWN ESCⅨAKKO－BEGIN KAⅨⅨ0－END LEFT NIL PERIOD QUOTE RIGⅡ  
SEMI－COLON SⅡARP SⅡIFT SPACE TAB UP  

（b）KeysobservedwhenPlaceis“HELP．”  

（c）KeysobservedwhenPlaceis“TOC．”  

AJ M Ⅳ O R．T  

SⅡIFT SPACE UP  

（d）KeysobservedwhenPlaceis“ⅤIEW．”：－  

S
 
 

9
A
／
B
 
 

Y
 
 

T
 
 

R
 
 

O
 
 

Ⅳ
 
 

M
 
 

l
 
 
 

I
 
 

G
 
 

DOWN LEFT NIL RIGHT SPACE TAI‡UP  CR  

（e）KeysobservedwhenPlaceis“ⅩMⅡ2．”  

012 3 4 5 6  

A B C D E F GIIIJK L M N O P Q R S T U W X Y Z  

！＋・－／＜ ＞？◎［］＿  
BACKQtlOTE BS CNTL COLON COMMA CR CTRL－A DEL DOUBLE－QtTOTE  
DOWN KAXⅨ0－BEGIN KAXXO－END LEFT NIL PERIOD QUOTE RIGHT  
SEMI－COLON SIIIFT SPACE tlP  
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（1194．498KEYCOMPRIGⅡT）  
（1195．068KEYCOMPRIGⅡT）  

Amo11SeOPera，tionisdescribedinthefo1lowlngform・  

（0一鯨meMOUSE〟e肌仇mm肌d A－耶menf）  

MenuandCbmmandidentifywhichmen11WaぶOPenedandwhichcommandonthemenuwaB  
executed，rCSpeCtively・A7yumentistheargumentofthecommand）ifitexists・Allthe肋ntLS，  
Cbmmanゐand＾TyumentSObservedintheexperimentsareshowninTable2・2・   

Examples8：   

（3232．116MOUSENILSELECTMESSAGE（5））  
（3252．818MOUSENILSELECTFOLDERMYFOLDER）  
（3262．495MOUSEMESSAGEMOVE）  
Thesethreelinesrepresentthatmessage5wasselected）thatfblder比myfo1der乃wa・SSelected，  
andthatthe以MoveMessage乃commandonthe以MessageMmenuwasexecuted†reSPeCtively・  

Table2．2A11theMbntLS，CbmmanゐandATyumenlsobservedintheexperiments・  

（a）Whenacomma・ndonapull－downmenuisexecuted・  

FOLDER  CLOSEWINDOW CREATEFOLDER OPENFOLDER  
OPENFOLDERINNEWWINDOW   

MANVAIJ  CLOSEWINDOW COMMITCHANGES COMPOSE COPY DELETE  
DELETEFOLI）ER EDITMESSAGE FOⅣⅣARD ⅡELP  
INCORPORATENEWMAIL MOVE OPENFOLDER PACKFOLDER  
REPLY R丑SCANFOLDER SORTFOLDER UNMARI（VIEWINNEW  
ⅤIEWⅣEXTMESSAGE   

MESSAGE  COMPOSEMESSAGE COPY DELETE FOmRD MOVE REPLY  
UNMARK USEASCOMPOSITION VIEWINNEW  
VIEWNEXTMESSAGE VIEWPREVIOUS   

（b）Whenacommandbuttonispushed・  

COMPWINDOW＿BUTTON  CLOSE COMPOSE RESET SAVE SEND   

DIALOG＿BVTTON   CANCEL CONFIRM NO OK VALUE YES   
ⅡEIJPJiVTTOⅣ   QIJIT   

MAN＿BVTTON   EXIT VAIノVE   

SEIノECTf’0工。DER．   DRAf－TSIⅣBOX MYFOIノDER   
SELECTMESSAGE   （alistofnu血bers）orNIL   

ⅤIEW＿BVTTOⅣ   CIJOSE   
TABLEOFCONTEⅣTS   COMMITCIIANGESINCORPORATENEWMAIL  

mCX甘0IJDER SORTFOIノDER   
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mble2．3StatisticaldataofthedatabaBe．  

守去er   ＃of  ＃of  ＃of  ＃of  Vser   ＃of  ＃of  ＃of  ＃of   

Ⅳ0．（Gen・）  Vt．  Re．  Monse  Ⅹey  

Op．   Op．  Op．   
1（F）   49  83   100  1，113   22 （F）   7   14   78  1，11テ   

2 （F）   17  28   89  1，004   23（M）   1   7   70   892   

3 （F）   41  76   64  740   24（M）   1   6   148   522   

4 （F）   7  15   87  713   25 （F）   45   83   113   799   

5 （F）   15  39   74  817   26 （F）   23  ＿ 65   75   511   

6 （F）   4  14   165  697   27 （F）   40   5う   94   111   

7 （M）   9  17   100  877   28（M）   15   28   113  1，223   

8（M）   2  14   108  806   29（M）   73   91   71   936   

9 （M）   3   8   64  1，135   30（M）   17   32   53   380   

10 （F）   93  109   51  683   31（F）   20   35   74   320   

11（甘）   9  12   118  618   32 （F）   57   86   110   990   

12（M）   5  20   160  750   33 （F）   54   62   83   899   

13（M）   5   174  1，720   34 （F）   7   12   74   452   

14 （F）   9  12   101  752   35 （F）   67   70   132   899   

15（M）   6  20   91  664   36 （F）   33   41   43   591   

16（M）   0   8   173  1，059   37 （F）   12   21   59   493   

17 （F）   22  32   88  783   38 （F）   17   27   66   857   

18 （F）   3   8   84  490   39 （F）   15   23   95   956   

19（M）   7  18   76  1，299   40 （F）   4   9   177   709   

20（M）   1   5   52  795   41（F）   17   26   68  1，301   

21（F）   9  25   61  677   42 （F）   18   39   73  1，627  

1b七山   855  1，397  3，949  34，777  

Gen．：gender，F：fbmale，M：male，  

Ut■：uSerutteranCeS，Re．：COnSultantresponses，  

MouseOp．：mOuSeOPerations，KeyOp．：keyoperations．  

The以MoveMessagen command moves amessagefromthe currentfo1derto another  
fo1dera・ndreqlllreSatargetmeSSageanda，destirLationfo1der．InExamples3，thecommandwas  

exectltedsuccessfu11y．  

Lastly，the contents ofthe£1e containingba＄ic statisticaldataofthe dialogues are  

described・This鼠1econtainsthenumberofuser11tteranCeS，thenumberofcons111tantresponses，  

thenumberofmouseoperationsandthen11mberofkeyoperations．Table2．3showsthestatistical  

da．taJfor42datasets，andgenderoftheusers．   

2．4 Conclusiom  

Thetargetofthisresearchistodevelopausersupportsystemwhichhelpsnaivecomputerusers  

SOIvetheirproblemsthroughspokendialogue【14】【15］．Fbrthatpurpose，realdialoguesm11Stbe  

analyzedandthechalraCteristicsofspokenJapanesemllStbefound．  
AdvisorydialogueswerecollectedfromtheXMⅡusageexperiments andadialogue  

databaBeWaSCOnStruCted．Themainfeaturesofthedata，baseareasfo1lows：  

（1）Thetargetdialogueswerespontaneousadvisoryones．  
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（2）Thea，dvisory dialogueswereal1relatedtotheuseofXMHthathasavis11alinterface  

OPeratedbya・keyboardandamouse・  

（3）NotonlyuserlltteranCeSandconsultantresponsesbutalsoXMⅡoperationsareincluded  
a点dialog11eelements・  

（4）Thedialog11eda，tabaseconsistsoftextdata；Alluserutterancesweretranscribedincon－  

StruCtingthedialoguedatabase・IntheXMHusageexperiments，allXMⅡoperationswere  

SaVedintextform，andal1consultantresponseswereglVena＄Ⅹanji－Ⅹanamixedsentences  

Whi血appearedontIleuSer，sdisplay・  

Thiskindofdialoguedatabaseisaveryefrbctivesourcefordevelo由ngnewmethodsfor  
PrOCeSSingspokenJapaneSeindialogue－basedusersqpportsystems．Infact，basedonanalysesof  
theadvisorydialog11edatabase，amethodforunderstandingauser11tteranCeandamethodfor  

COntrO11ingandmanaglngadialoguewithauseraredevelopedinSections3and4，reSPeCtively・  

Notethatthedialog11eda・tabaseisavailabletopeopleonlyforacademicllSeS．  

Speechdataalsoareusefu1indevelopingnewmethodsforprocesslngSPeeCIl．Inthe ●  

ⅩMⅡusageexperiments，theuserspeechwasrecordedonthevideotapes．Currently，Weare  

COnSideringspecificationsofaspeechdatabasetobeconstruCted．  
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3．UnderstandingofUser，sSpontaneous Speech  

Inthissection，amethodisdevelopedtorecognizeuser，scommunicativeintentions（CIs）from  

spokensentences．Especially，amethodfordetermlIungtheCItypeofaspoken sentenceis ●●  

払cⅧSedon【1】［2］・   

3．1 Introduction  

User－friendlydialog11eSyStemSm11Stllnderstandauser，sspontaneousspeech・Tba血ievethis  

ability，nOtOnlyaspeechrecognitionte血niquebutalsoaspoken－1anguageunderstandingtech－  

niqueadaptedtothecharacteri8ticsofspokenJapaneseareessential【3］［4】・Denetal・［4】  

aretryingtodevelopasemanticanalysismethodforspokenJapaneSe，bntthismethodmay  

notbeputtopracticalusesoonbecauseordinarycoIIVerSationishigh且exibleandcannotbe  
COnStrainedbyafiⅩedsetofgrammaticalru1es．  

Guindonfo11ndthathelpinanadvisoryenvironmentisreq11eStedinrestrictedlanguage  

【5］．AlthoughthetargetusersinhisresearchwereEnglishspeakers，Japanese8peakersalsoar  

expectedtorequesthelpbyuslnglanguagewithanyconstraints．  

Thea．pproachofthisresear血isbasedonanarLalysisofrealutterancedata．Theutteト  

ance dataareobtainedfromtheadvisorydialoguedatabasedescribedinSection2，a，ndconsist  

Of475spokertsentences．2980fthesentencesareanalyzed，andconstraintsbetweenthesurhce  

StruCtureOfaspokensentenceandcommunicativeintention（CI）ofthesentenceareinvesti－  
gated．Thissection，basedontheanalysisandinvestigation，definesadescriptionformofuser，s  

CIanddevelopsamethodforconstruCtingaCIdescription丘omaspokensentence．  

A CIdescription consists ofa CItypeandanutteranCe PrOPOSition．AnlltteranCe  

propositionrepresentsthe“objects，”“actions，”or“sta．tes”thatcanbedefinedinataskdomain  

andisdescribedinframerepresentation．ACItyperepresentsthetypeofuser，sattit11deto  

theutteranceproposition，and12di鮎rent CItypes aredefined．Especial1y，inthis article，a  

methodfordeterminingaCItypeisfocusedon．  

Thissectionisorgamizedasfo1lows．Subsection3．2describesutteranceda，taObtained  

丘omtheadvisorydialoguedata，base，Whichconsistof475spokensentencesdividedinto16data  

sets：298sentencesinlO datasets and177sentencesin6datasets．Theformersentences are  

analyzed，andthelattersentencesare11SedtoevaluateaCItypedeterminationmethodtobe  

PrOPOSedinthissection．S11bsections3．3and3．4analyzethe298sentences，defineadescrlP－  

tionfbrmOfCI，anddevelopamethodforconstruCtingaCIdescriptionfromaspokensentence．  

Especial1y，amethodfordeterm1nlngtheCItypeofaspokensentenceisfoc11Sedon・Sllbsec－  

tion3．5usesthe177sentencestoevaluateperformanceoftheCItyRedeterminationmethod．  

Subsection3．6discussescharacteristicsoftheCIdescriptionarLdCI●recognitionmethod．Sub－  
SeCtion3・7concludesthissectionarLddescribesourplansforfut11reWOrkinspoken－1anguage  
tlnderstanding．   

3．2 User，sSpokenJapaneseSentencesintheAdvisoryDialogueDatabase  

UtteranCedatawasobtained企omtheadvisorydialog11edatabasedescribedinSection2and  
COmPrised499spokensentencestranscribedfromwhat1611SerSSaidtotheconsulta，nt．Specifi－  

cationsofthe11tteranCedataareshown：  

Numberofspokensentences： 499  

Tbtalnumberofcharacters：8，147（16・3characters／sentence）  

ⅣⅦmberofdatasets：  16  

（Eachdatasetcorrespondstoauser）  
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恥ble3．1ConstruCtionofthetLtteranCedata．  

Da．tasetsforarLalysis  

Ⅳ0．  1  2  3  4  5  6  7  8  9  10  Tb七山   

＃ofsentences  20  64  59  33  6  46  9  20  7  34  298   

Datasetsforevaluation  

Ⅳ0．  11  12  13  14  15  16  1btal   

＃of8entenCeS  73  18  37  21  17  11  177   

T礼ble3．2ExamplesofCItypesandsentencesintheutterancedata．  

Example sentences CI types 

何を書いたらいいんですか  ask－Wh：OK  

ask＿Wh  

ask－if：0Ⅹ   

ask－if：EQ   

ask－if：ⅣO  

ask＿if  

ask＿how  

bave－belief  

ask－aもou七   

山Ⅳe－gOal   

d＿Start  

d＿end  

（WhatshouldIwritehere？）  
住所忘れました  

（Ⅰforgothisaddress・）  

終了を押せばいいんですね  

（ShouldIpushthe“Closewindow”button？）  
メッセージはこれだけでいいんですか  

（Isthisenoughforthemessage？）  

これ押さなくちゃ駄目なんですか  

（MustIpuslltllis？）  

これで移動できてるんですか  

（lIasitbeenmovedsuccessfu11y？）  

移すのはどうするんですか  

（ⅡowdoImoveit？）  

移動できてないみたいなんですけど  

（Itseemsnottohavebeenmoved．）  
スクロールって何ですか  

（Wb且tis“Scroll”？）  

ロイの次にカーソルを持っていきたい  

（Iwanttomovethecursora・tthenextoftheletters‾“foy．軍）  

すみません  

（Excuseme．）  

わかりました  

（Igotit．）  

Thedatawas499sentencesconsistingof232simplesentencesI243complexsentences，  

and24sentencefragments・Becausesentence丘agmentsshouldbeinterpretedaccordingto  
dialog11eCOnteXt［6］，theywerenotthetargetfortheCItypedeterminationmethod．The24  

SentenCe企agmentswerethereforeremovedfromthedata．  

The475simpleorcomplexsentencesweredividedintotwogroups：298sentencesoflO  

datasetsand177sentencesof6datasets・TheformerWaSuSedforanalysisandthelatterwaぷ  
usedforevaluationoftheCItypedeterminationmethod．Table3．1showsconstruCtionofthe  

utterancedata，arLdTable3・21istsexamPlesentencesselectedfromtheutterancedata，tOgether  
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withtheirCItypes．   

3．3 DescriptionFormofUser，sCommunicativeIntention（CI）  

Aspokensentencehaspropositionalandmodalityinformation［7】．Adescriptionforrepresent－  

1ngtheformeriscalledanαutteranceproposition乃andisdescribedinframerepresentation  
【8】【9］．Adescriptionforrepresentingthelatteriscal1eda“CItype”andisselectedoutofthe  

12di蝕rentsymboIstobedefinedin3．3．1．NuanCeSOfasentence，auSer，semotion，andsoon  

canbealsoexpressedasmodalityinformation．In11SerSupPOrtSyStemS，however，OnlytheCI  

typ？Ofmodalityinformationisusedbecauseotherkindsofinformation（nuance，emOtion，etC・）  

arenotyettechnically乱Ⅴaihble．Consequently，theCIofa，8pOkensentencei8describedinthe  

払1lowlngfbrm．  

（（CItype〉（utteranceproposition））   

3．3．1ClassificationofCItypes  

Ⅱerethe298sentencesforanalysisaJeClassifiedinto12groupsbythreestages，andadi鮎rent  

＄ymbolisa＄Slgnedtoea血group．  

Table3．3showsthefirsttwostagesbywhichthesentencesareclassifiedintoeightgroups  

andthe8di鮎rentCItypesassignedtoeachgroup．Table3．4showsthenumberofthesen七ences  

inea，ChgrotlP．Inthefirststagethe298sentencesweredassifiedonthebasisofthesentence  

type【10］，andinthesecondstagetheywereclassi鮎dfromtheviewpointofwhatthellSerS  

reqlliredofthecons111tant．  

ACIdescriptionisusedinourexperimentalusersupportsystem［11】【12】underdevel－  

OPment・Especially，theCItypeworkstodetermirLeareSPOnSePrOCedurefbrthecorresponding  

utteranceproposition．Hence，thequestionsbelonglngtOCItypes“a＄k－if”or“ask－Wh”should  

besubclassi允edbecauseresponseproceduresdi鮎rbetweenthequestionsonfutureevents，queS－  

tionsonpastactionsorstates，andquestionsontheothers．ThefirstquestiorLSCOnCernataSk  

PlanandrespondingtothemrequlreStaSkplanknowledge．Thesecondq11eStionsconcerneVentS  

inXMⅡandrespondingtothemrequlreSinformationinthedatabaseoneventsinXMII．This ●  

databasehasbeenimplementedinthesupportsystemastheObjectWbrldmodel【9］．The  

Di鮎rentiated  Interrogative  To get instructions ■      ●  

SentenCeS  SentenCeS  Tbgetattrib11teValues  aぷk－Wh  
（Questions）   Tbgetmetaknowledge  ask－about  

Ybs／Ⅳ0叩eStions  Tbgettruthvalues   ask＿if  

Declarative  Tbexpressataskgod  h肌e－gO山  
SentenCeS  Otも．eTWise   h乱Ve－もelief  

Imperative  （Therewerenoimpera，tivesentence＄  

SentenCeS   intheutterancedata・）  

Exclamatory  （Thesearedealtwithasdeclarative  
SentenCeS   SentenCeS・）   

Vn揖fhrentiated  Tb6ta加adidogⅦe   d＿Sta∫t  

SentenCeS  Tbendadialogue   d＿end   
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Table3．4Then11mberofsentencescla＄Si且edintoeachCItype．  

＃ofsentences  ＃ofsentences  CItypes   CItypes  

aぶk一九ow   82   have－gOd   4   

ask＿Wh   27   have＿belief   20   

ask＿abo11t   4   d＿Start   2828 

ask＿if   128   d＿end   5   

Table3．5SubcategorizationofCItypes“aBk－if”and“ask－Wh・”  

QlleStioncontents   ask＿if  ask＿Wh  S11bCItypes   

PermissionoffutllreeVent  

（bypositiveexpressions）   52   8   0Ⅹ   

（bynegativeexpressions）   3   0   NO   
EventinXMⅡ   54   19   nil（0missible）   

Otherwise   19   0   EQ   

1astq11eStionsconcernataSkdomainandrespondingtothemrequlreStaSkdomainknowledge・  
Moreover，thequestionsona，taSkplanshouldbedividedintopositiveonesandnegativeones・  

Theformeraretheqvestionsinwhichpermissionforaneventisappliedfbrbythemethodof  

askingaboutthea，CCePtabilityofitsevent．Fbrexample，thiskindofquestionshavesuchasur－  

facestruCtureaS“～したらいいんですか（ShouldI～？）・”NotethatthesequestionsinJapaneヲe  

COrre＄POndtotheEnglishsentencesbeginnlngwith“ShouldI．”Thelatterarethequestionsln  

Whichpermissionforaneventisappliedforintheformofprohibition・Fbrexample，thiskindof  

questionshavesucha．su血cestruCtureaS“～しかナればいけないんですか（MustI～？）・”Note  

thatthesequestionsinJapanesecorrespondtotheEnglishsentencesbeginnlngWith“M11StI・”  
Table3．51iststhesubtypeswhi血werea＄Slgnedtothes11bclassifiedsentences・Thenumbersin  

Table3．5arethoseofthesentencesintowhichthe128sentenceswith比ask－if刀andthe270neS  

with仏ask＿Wh竹weresubclassified．  

ClassificationofCItypesisdescribedintheextendedB・aCkuaibrm．   

（CItype）：：＝ aSk－howlask－aJboutl（ask－Wh〉I（ask－if）lhaNe－gOalIhave－belief  

ld－StartId－end  

（ask－Wh〉：：＝ aSk－WhIask－Wh：0Ⅰ（   

〈a＄k－if〉：：＝ aSk－iflask－if：OKlask－if：NOlask－if：EQ   

3．3．2 Descriptionofanutterancepropositionin企amerepresentation  

Anutterancepropositionrepresentsthe“objects，”“actions，”or“stites”tha，tCanbedefinedin  

thetaskdomainandisdescribedinframerepresentation．  

mameSareClassifiedintoobjectframesa，ndeventfra，meS．Object丘amesrepresentthe  

Objectsthatcanexistinthe9taSkdomainandevent＆a，meSrePreSenttheeventsthatcanoccur  

inthetaskdomain・Event正amesa・refurthercla＄Sifiedintoactionframesrepresentingactsand  
Stateffamesrepresentingstates．Examplesof企amesa，reShowninFig．3．1．  

Aframehasaname，anumber，andasetofslots．Theframenamerepresentstheclassof  
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＃＜PushCommandButton＃X139EG76＞  

targetslotvalueis＃＜CommandButton＃Ⅹ139EB8b  

（a）Anac也On打amerePreSentingtheactofpushing   

the終了（Closewindow）button．  

＃＜CommandButton＃Ⅹ139EB8E＞  

namedotvalueis一一終了（C10SeWindow）一●  

仲）And叫ect打amerePreSeming  

the終了（Qosewindow）button．  

Figure3．1FramesrepresentinganactionandanObject・  

Figure3．2Flowofcommunicativeintcntionrecognition．   

theobjectoreventthattheframerepresents．Thefra，menumberisaIiIDnumbertodistinguish  
di鮎rentobjectsoreventsinthesameclass．Andtheslothasanameandavalue；itrepresents  

anattributeoftheobjectoreventwhichits丘amerepresents．  

Fbrexample，theactofpushingthe“Closewindow，，buttonisdescribedastheaction  

frameshowninFig・3・1（a）andthe“Closewindow”buttonisdescribedastheobjectframe  
ShowIlinFig・3・1（b）・Thisobjectframchasbeenboundinthetargetslotoftheactionframe．  

ConstruCtionofanlltteranCePrOPOSitionisalsodescribedintheextendedBack11Sfbrm．  

（utteranceproposition）：：＝（proposition〉  

（proposition）：：＝ 払mel（and－form〉l（or－form〉  

（and－form〉：‥＝（and（proposition）（proposition〉＊）  

〈or－form〉：‥＝（or〈proposition〉（proposition〉＊）  
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Table3．6ExampleI／Ointhemorphologicalanalysisstage．  

Inputsentence：終了を押せばいいんですね  

（ShouldIpushtheClosewindowbutton？）  
Ou．tp甘t：  

Morphemes  Original forms Parts of speech In且ection払rms  

終了   終了  nO11n   actionnoⅦn   ＊   

（Closewindow）  

を   を   postpositional  POStPOSitionalword  ＊  
（“wo”）   word   representingcase   

押せば   押す  verb   ＊   basic  

（ImSh）  conditiond払rm   
レヽい   レヽい  a，djective   ＊   basicfbrm   

（0Ⅹ）  

んです   んだ   an裏1iaryverb  ＊   “de蝕”－typeOf   

（“Ⅳdes11”）  （“Nda，り  basic払rm   

ね   ね   POStPOSitional  POStPOSitionalword  ＊  
（“ne，り   word   indicating  

end of sentence 

Table3・7ExampleI／Ointhefbat11reeXtraCtionstage．  

Feature values for 

CItypedetermination  

Feature values for 

utterancepropositionconstruCtion  Morphemes  

actionnoⅥ．n   終了   終了  actionnoun  

（Closewindow）  

を   を  postpositionalword  

（“wo”）  representingcase   

ac七ionヰredicate   押せば   押す  verb   

basicconditionalform  （pⅦSh）   

0Ⅹ＿Predicate   レヽい  

んです  

PP＿WdrdJnterroga．tion   ね  

end＿OLsentence  

3．4 CIRecognitionMethod  

TheCIrecognition丑owisshowninFig・3・2Iandeachstageofthe且owisdescribedbelow・   

（Morphologicalanalysisstage〉  
In this stage anlnPut SPOken’sentenceis decomposedinto one ormore appropriate  

morphemesbyJapaneSemOrPhologicalanalyzerJUMAN［13］．Anexampleofinp11t／outputof  

JUMANisshownirLTable3・6・JUMANaddstoeachmorphemeseveralkindsofinformation；  
theoriginalform，thenameofpartofspeech（POS），andthenameofirL且ectionform．Notethat  

thegrammaticaltermirLOlogyinthisarticlefo1lowsMasuoka－Takubogrammar［10］．   

（f七atureextractionstage〉  

27   



Inthisstageafbat11revectorforCItypedeterminationandoneforutteranceproposition  
OnStruCtionareextracted separatelyfromtheoutputofJUMAN［14］［15】・Anexampleof  
lnPut／outputinthisstageisshowninTable3．7．  

AfeatllreVeCtOrforCItypedeterminationconsistsoffourelements：比semanticwords，乃  

nameSOfPOSs，nameSOfin丑ectionforms，andoriginalforms．Asemanticwordisasymbol  

representingagroupofwordsthatsimilarlyinfhenceCItypedetermination．Semanticwords  
Weredefinedaccordingtotheresultsofanalyzing298sentences．ThesewordsarelistedinTable  
3．8．  

NamesofPOSs are extractedfromnounS）demonstratives？and assertivewords，and  

namesofin且ectionformsareextractedfromactionverbs．Originalformsareextractedfrom  

POStPOSitionalwordsi呵rod11Cingasubject，SuChas“とは（“towa，，），”“って（“tte”），”and“は  

（“wa”），，，丘omthepostpositionalword“で（“de”）”representingcaBe，andfr6hthepostpositional  
WOrds‘‘も（“mo”）”and“でも（“demo，，）”whichaJretlSedfortakingupa，matter．Theverbs“する  
（do）”and“できる（can），，’theverbalpostfixes“れる（“reru”），”“いる （“iru”），”“ る（“ru，，），，＝‘せ  

る（‘‘seru”），”and“ます（“masu”），”andtheadjectivalpostfixes“ない（not）”and“たい（want）”  

Changeafbat11reValueextractedjustbeforeintoarLOtherfぬturevalue・Therulesofchanges読e  
listedinTable3．9・WhenthefbattLreValuetobechangedisthenameofaninAectionformand  

thenewfeaturevalueisasemanticword，thefeaturevalue“action＿predicate”justbeforethe  

Changedoneisremoved．  

Afbat11reVeCtOrforutterancepropositionconstruCtionconsistsoftwodements：0riginal  

formsand namesofparts ofspeech．Thevaluesoftheseelementsareextractedmainlyfrom  

nounS，Vert）S，adjectives，andpostpositionalwordsrepresentingcase．   

（CItypedetermination stage〉  
A CItypeisdeterminedbymatchingalbaturevectorforCItypedeterminationwith  

theCItypedeterminationruleslistedinTable3．10．Tbobtaintheseru1es，thelbaturevectors  

forCItypedeterminationwereextractedfromthe298sentencesforanalysisandwerearranged  

inthefo1lowlngWay：  

（1）TheprioritywasattachedtoeachsemanticwordtakingthedegreeofitsinfhencetoCItype  
determinationintoconsideration．ThismeansthatthehigherprlOrityasemanticwordhas，the  

Smal1erkindsofCItypesthespokensentences丘omwhichitssemanticwordisextractedhave．  

InTable3．8，aSemanticwordwithalowern11mberhasa，higherpriority．  

（2）Thefo1lowingoperationsweredone企omthesemanticwordwithahigherpriority・  
（2－1）Thesentences血omwhi血thetargetsemanticwordwasextractedwerecollected・These  
CO11ectedsentencesweredealtastheinitialsetinthenextoperation（2－2）・Oneormorekinds  
OfCItypeswereobservedfromtheset・  
（2－2）Fbrthefbaturevectorsextracted丘omthesentencesintheset，thefo1lowingoperation  

wasrepeated・AcombirLationofthetargetsemanticwordandoneormorefeaturevaluesw  
searchedforfromthefeatu．re vectors．This combinationwasextracted丘omallorsomeofthe  

sentenceswiththesameCItypeb11tWa＄nOteXtraCted企omanyofthesentenceswithotherCI  
types・Especial1y，thecombinationwassearchedforpreferential1ybeforeandbehindthetarget  

semanticwordandneartheendoftheserLtenCe．ThepaircorLSistingofthecombinationsearched  

foranditsCItypewa，Sregisteredasarule，andthesentencesfromwhichthatcombinationwas  

extractedwereremovedo11t Oftheset．Thisoperationwasterminatedwhenonlyonekindof  
CItypewasobservedfromthesentencesstillremalnlngintheset・ ●●  
（2－3）ThepairconsistingofthetargetsemanticwordalndtheremainingCItypewasregistered  
as ar111e．  

ThestruCtureOfa CItypedeterminationru1eisalsodescribedintheextendBaJCkns  
払rm．  
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Table3．8Semanticwords．  

Examplesofthecorrespondingwordsorphrases  Semanticwords   

1  dialogue＿月tart   すみません（excuseme），あの（well）   

2  didogne」∋nd   わかりました（Igotit）   

3  howヰhrase   どうする，どうやる，どう（how）   

4  instruCtion＿predicate  教える（tea血）   

5  benefitJ）redicate   もらう，くれる   

6  WaJlt＿predicate   欲しい（want）   

7  interrogative＿WOrd   誰（who），何処（where）   
8  wIlat   何（what）   

9  0Ⅸヰredicate   いい，よい，よろしい（dright）   

10  lack⊥predicate   忘れる（払rget），わからない（Idon，tknow）   

凶  PrOhibitヰredicate   駄目だ，いけない（mustnot）   

12  PP＿WOrdJnterrogation  Postpositionalwordsrepresentinginterrogation  

1ikeか（“ka，，），ね（“ne”）andよね（“yone”）   

13  end＿OLsentence   （endofsentence）   

14  methodJⅣOrd   仕方，方（howto）   

15  比＄uruM   する（do）   

16  比naNdemo乃   何でも（any）   

17  action＿predicate   読む（read），消す（delete），押す（push）   

18  State＿Predicate   Sta，teVerbslikeある（be）and違う（diffbr）  

Adjectiveslikeおかしい（strange）andない（beI10t）  

Verbs with the potential mood 

like読める（canread）and消せる（candelete）  

Verbswithoutintention  

1ike消える（disappea・r）and出る（appear）   

19  knowledge＿predicate   知る（know），覚える（1earn），わかる（蝕d）  

（ru1e〉：：＝（（conditionalpart〉（CItype〉）  

（conditionalpart）：：＝（〈pattern）（pattern）＊）  

（pattern）：：＝（（fbaturevalue〉（featurevalue）＊）  

（featurevalue）：：＝（semanticword〉暮（name－OfPO5〉l  

（nameofin且ectionform）Horiginalform〉  

Howtoapplytheru1esisshownbelow．  

【ApplyingruleNo・r（r＝1，2，…，R）forafeaturevectorforCItypedetermination】Ftom  

ruleNo．1atthetoplineinTable3．10toru1eNo．Ratthebottomline，eaChru1eisapplied  

inorderforafbaturevectorforCItypedetermination．Iftheconditionalpartoftheru1ew  

SuCCeSSfu11ymatchedwiththefeaturevector，thecorrespondingCItypeisfiredandthisappli－  

cationis terminated．  

【Matdlingconditionalpartwithfeaturevector】Thismat血ingproceeds丘omtherigI止pattern  
totheleft patternoftheconditionalpart．IfthetargetpatternmatChed apartialsequence  

Ofthefeaturevector，thematching．ofthepattemiss11CCeSSfu1．ThepatternSaJt theleftofit8  

Partialsequencethenformanewfeat11reVeCtOrforCItypedetermination，andthematching  

OftherLeXtPatternisdonewiththenewfeaturevector．’Ifal1thepaJtternSWereSuCCeSSfu11y  

mat血ed，thematchingoftheconditionalpartissuccessfu1．  
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TaJble3．9Theru1esforchangeSOffeaturevaluesbypostfixes・  

Ⅳewv山ues  Inputmorphemes  Changedvalues  

“する（do）”   

“できる（can）”  

“ない（donot）”  

“たい（want）”  

“ます（“masⅦ”）”  

◆  

“ます（“masⅦ”）”  

“せる（“seru”）”  

‘‘ない（donot）”  

“いる（“iru”）”  

“れる（“rerⅦ”）”  

“る（“ru”）”   

“action＿predicate”＋  

（in且ectionformofitsinput）  

“state⊥predica．te”  

“lack⊥predicate”  

“want＿Predicate  

“stateJ）redicate”   

（in且ectionformofitsinput）  

（inAectionformofitsinput）   

“state＿predicate，，  

“state＿Predicate”   

“state⊥predicate”   

“state⊥Predicate”  

∝actionno11n乃  

以actionnoⅦn¶  

“knowledge＿Predicate”  

（in鮎ctionfbrm）  

“pastformmodifying  
apredicate，，  

）
）
）
 
）
）
 
）
 
 

m
 
m
 
m
 
m
 
m
 
m
 
 
r
 
r
 
r
 
r
 
r
 
r
 
払
払
払
払
払
払
 
 

（in鮎ction  

（in鮎ction  

（inAection  

（in鮎ction  

（in鮎ction  

（in鮎ction  

（UtterancepropositionconstruCtionstage〉  
Thissta．gecorrespondstoasemanticanalysismethod・Althoughtheconventionalseman－  

ticanalysismethodsconstruCtaSemanticstruCturehomaspokensentenceasawhole†the8tage  
construCtSaSemanticstruCture丘omthe缶a，tureVeCtOrforlltteranCePrOPOSitioncorLStruCtiorL・  

ThissemanticstruCtllreisanutteranCeprOPOSitionandisdescribedinframerepresentation・  
EachframeisgeneratedfromapalrCOnSistingofanoriginalformandanameofPOSinthe ●  
featurevectorandisboundbyoneofotherframesifpossible．  

Considerspokensentence“終了を押せばいいんですね（ShouldIpushtheClosewindow  

button？）”as anexample・InthemorphologicalaJnalysisandfeatureextractionstages，the  

鈷aturevectorforutterancepropositionconstruCtionisextracted丘omthesentence，Whi血is  

asequenceof“終了（Closewindow），”“actionnoun，”“を（“wo”），”“postpositionalwordrepre－  

sentingcase，”“押す（push），”and“verb・”Theobject＆ameshowninFig・3・1（b）isgenerated  

血omthefbaturevalues“終了（Closewindow）”and“actionnoun，”wherethevalue“終了（Close  
Window）”isboundintherLameSlotintheobjectframe・Thepostpositionalwordrepresenting  
a＄e，“を（“w6”）・”isboundinthecaseslotintheobjectframe・Anactionframerepresent－  

1ngPuShingsomethingisgenerated丘omthefbaturevalves唖す（push）”and“verb・”The  
aboveobjectframeisboundinthetargetslotinthisactionframe・Astheresult，theaction  

血ameisspecializedtothatshowninFig．3．1（a）．Thisspecializedaction企aJmeistheutterance  

PrOPOSitionobtairLed企omtheexamplesentence・  

Ifthereisnoambiguityinrelationbetweenframes，CaSeinformationisnotused・Oth－  

erwise，CaSeinformationisusedforthebindingofslotsofframes・Considertheact“メッセー  

ジをinboxからmyfo1derに移す（movingamessage丘omfo1der“ihbox”tofo1der“myfolder”）・”  

The‘‘メッセージ（message）”objectframe，the“フォルダ（folder）”object丘ameWhosenameslot  
Valueis“inbox，”andthe“フォルダ（fo1der）”objecth：ameWhosenameslotvalueis“myfo1der”  

arerespectivelyboundinthetargetslot，thestartingfo1der8lot，andthedestinationfo1derslot  

inthe“メッセージ移動（MoveMessage），，actionframe・Thisresults企omtheknowledgethatthe  

“フォルダ（fo1der）”objectframeSWhosecaseslotvaluesare‘‘から（from）”and“へ（to）／に（to）”  

CanreSPeCtivelybeboundinthestartingfo1derslotandthedestinationfo1derslotofthe“メッ  
セージ移動（MoveMessage）”action丘ame・Postpositionalwordsrepresentingcaseareoftenomit－  

tedorusedwronglybyusers．Ⅱowever，Whenca＄einformationisneeded，itisusedcorrectly［16］．  
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Ta，ble3．10CItypedeterminationru1es．  

d－Start）  

d－end）  

ask一九ow）  

ask－Wh）  

h肌e－gOaユ）  

hⅣe－gOaユ）  

鮎k－Wh：0Ⅹ）  

（（（diaJlogue3tart））  

（（（di山og“Lend））  

（（（how，phrase））  

（（（instruCtion＿Predicate））  

（（（benefit⊥predicate））  

（（（want＿Predicate））  

（（（interrogative）（OK＿Predicate））  

（（（interrogative）（basicform endJ）Lsentence））ask－Wh：OX）  

ask－Wh）  

ask－if：0Ⅰ（）  

haNe－belief）  

ask－abont）  

ask－aもout）  

ask一九ow）  

ask－how）  

ask－Wh：0Ⅹ）  

ask－if：0Ⅰり  

ask－if：0Ⅰり  

鮎k－if：EQ）  

那k－Wh）  

ask－WIl）  

鮎k－about）  

ask－if）  

ask一九ow）  

ask－if：NO）  

ask－if：0Ⅹ）  

ask－if）  

舶k－if‥0Ⅹ）  

h訓e－belief）  

（（（interrogative））  

（（（what も）（OKJ）redicate））  

（（（what も））  

（（（とは what））  

（（（って what））  

（（（what assertiveword））  

（（（what“sⅦr㌦））  

（（（wIlat））  

（（（state⊥predicate OⅨ＿predicate））  

（（（action＿predicate）（0ILpredicate））  

（（（0Ⅸヰredicate））  

（（（commonnounlatkヰredicate））  

（（（stateJ）redicatelack＿predicate））  

（（（actionnounlack＿Predicate））  

（（（pp＿WOrdJnterrogationlack，Predicate））  

（（（1ack⊥predicate））  

（（（prohibit⊥predicate））  

（（（basicformpp⊥WOrdJnterrogation））  

（（（pp＿WOrdjnterrogation））  

（（（basicform end＿OLsentence））  

（（（end＿OLsentence））  

（ConstructionofCIdescription〉  
A CIdescription consistsoftheoutputsoftheCItypedetermination and tltteranCe  

propositionconstruCtionstages．Considertheexamplesentence“終了を押せばいいんですね  

（ShouldIpushtheClosewindowbutton？）”again・Asa・fbaturevectorforCItypedetermina－  
tion，thesequence“actionno11n，aCtion＿Predicate，COnditionalform，0Ⅹ＿Predicate，  

PP⊥WOrdJnterrogation，end＿OLsentence”isextracted．TheCItype“ask－if：OK”isselectedac－  

COrdingtotheCItypedeterminationru1es．Asafbaturevectorfor－1tteraJnCeprOPOSitioncon－  

struCtion，thesequence‘‘終了（ClosewirLdow），aCtionnoun，を（“wo”），POStPO8itionalwordrep－  

resentirtgcase，押す（push），Verb”isextracted．Thentheactionffame＃（PushCommandButton  

＃Ⅹ139EG76）isgneratedfromthesequence・Ⅱence，theCIdescriptionconstruCted血omthe  

examplesentencelS  

（ask－if：OK ＃（PushCommandButton＃Ⅹ139EG76〉），  

WherethestruCtureOf＃（PushCommarLdButton＃Ⅹ139EG76〉isshowninFig・3・1．  
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Table3．11AccuracyofCItypedetermirLation．  

Accuracy（％）   

298sentenceforanalysis   100．0   

177sentencesforevaluation   89．3   

Table3．12ThenewlyaddedCItypedeterminationru1es．  

（（（method＿WOrdinstruction⊥Predicate））  aJSk－how）  

（（（“naNdemo”OK，Predicate））  ask－if：EQ）  

（（（interrogative でも）（0Ⅰ（］）redicate））  ask－if：EQ）  

（（（interrogative）（basicform pp⊥WOrdjnterrogation））ask－Wh：OK）  

（（（what）（も）（0Ⅰ（＿Predicate））  

（（（what も）（pp＿WOrdJnterrogation））  

（（（commonnoun は what assertiveword））  

（（（what state⊥Predicate））  

（（（demonstrativepronoun で 0Ⅸ＿Predicate））  

（（（adverbialnoun で OKJ）redicate））  

（（（actionnoun で OK＿Predicate））  

（（（commonnoun State＿Predicatelack＿Predicate））  

ask－if：0Ⅸ）  

ask－if）  

ask－Wh）  

a＄k－W呵  

誠k－if：EQ）  

ask－if：EQ）  

ask－if：0Ⅸ）  

ask－how）  

3．5 EvaluationoftheCITypeDeterminationMethod  

Thiss11bsectionllSeSthe177evaluationsentencestoevaluatetheproposedCItypedetermination  

method．TheCItypesofallthe’475sentenceswerefirstdeterminedmanual1yby11SOnthebasis  

OfthecriterialistedinTables3．3and3．5．Thenthe29CItypedeterminationru1eslistedin  

Table3．10wereobtained丘omthe298sentencesforanalysisinthewaydescribedinsubsection  

3・4・Theseruleswere11Sedinthefo1lowlngeXPeriments．  

Themorphologicalanalysis，featureextractiorL，andCItypedeterminationweredonein  

theseexperiments．Inthefirst stage，aninp11tSPOkensentencewasdecomposedbyJUMAN  

andtheoutputofJtlMANwaspassedtothenext stage．In thefbatureextractionsta・ge，a  

featurevectorfor CItype determinationwasextracted血omtheo甘tPutOfJUMAN and was  
PaSSedtothe允nalstage．IntheCItypedeterminationstage，aCItypewas dctermined by  

applyingtherulesshowninTable3．10forthefbaturevector．∬thisCItypeisthesametype  

WiththepredetermirtedCItype，theCItypedeterminationiscorrect・Otherwise，itiswrong．  

TheresultsoftheexperimentsarelistedinThble3．11．Thecomputerusedintheexperiments  

WaSaSunSPARCStaJtionIPX（SunOS4．1．3，memOrySize32MB）・  

TheCItypeofaspokensentencewasdeterminedbyusingonlythesurfaceknowledge，  

Whichincllldesoriginalforms，nameSOfPOSs，andnamesofin且ectionforms，andsimplesemantic  

informatiorLimplementedassemarLticwords．Ⅱowever，theCItypesofallofthe298sentences  

fora，nalysisweredeterminedcorrectly．Thismeansthattheinformationextractedfromaspoken  

SentenCeissu伍cientfordeterminingtheCItypeofitssentence．TheCItypesofabo11t90％  

Ofthe177sentencesforevaluationweredeterminedcorrectlyaltho11gh0nly29rt11eswereused  

fordetermlnlngaCItype・ThustheCItypedeterminationmethodisexpectedtobehighly  
accurateevenfor11nleamedda，taSincetheCItypedeterminationruleswerenotobtainedfrom  

the177sentencesforevaluation．  

32   



Table3．13¶∋nru1es11Sedmost丘equently．  

） 

’’ 

（）） 

）） 

））  

Accuracy（％）  

100  

90  

80  

70  

60  

0  
The number   

Ofrules  0 10 20 30 40  

Figure3．3Theacc11raCyOfdetermlnlngaJCItype・  

ThedatasetsforevaluationwerethentranSferredtothoseforanalysisonebyone，and  

thechangeOftheaccuracyofCItypedeterminationwasinvestigated・TheCItypesofal1the28  
SentenCeSOftwodatasetsforevaluationweredeterminedcorrectlybyuslng41rulesobtained  

byanalyzing447sentencesof14datasets．The12addedru1esareliもtedinTable3．12．  
The41ru1eslistedin Tables3．10and3．12were rankedin orderoffreq11enCy Ofuse  

foral1the475sentences，andthelOru1esusedmostfrequentlyarelistedinTable3．13with  

theirfreq11enCies．Therelationbetweenthen11mberofru1esandtheacc11raCyOftheCItype  

determinationwasalsoinvestigatedforal1the475sentences，Wheretheruleswereapplied丘om  

theru1eused丘eqllently．TheseresultsareshowninFig．3．3．  

Figure3．3showsthatthe41ru1escanbecla占sifiedintotherulesapplicabletomany  

SentenCeSandonesapplicabletoafeworonlyonesentences．Ifthe20ru1esofhighestapplica－  

bilityaretlSedinCItypedetermination，themethodisexpectedtobeaccurateformorethan  

90％ofunlearnedinputsentences．   

3．6 CharaCteristicsoftheCIDescriptionandCIRecognitionMethod  

ThecommunicativeintentionofaspokensentenceisdescribedasapalrCOnSistingof  

a，CItypeandan11tterartCePrOPOSition．Theutterancecontentsexpressibleinthisdescription  
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formarerestrictedbecauseadescriptionofCIisglVenaSaCOmPlexofmodalityinformatiorL  

andpropositionalinformation．TheutteranCeCOntentSarereStrictedtotheobjectsoreventsin  

thetaskdomain．Areflectiveexpression，forexample，‘‘oneknowswhatoneknows，”cannotbe  

expressedinthisdescriptionform．BecausetheCItypeofasentencemustbeselectedoutofat  
most12diffbrentsymboIs，thesupportsystemcannotcorrectlyinterpretspokensentencesthat  
donotcorrespondtoanyOfthepre－defined12CItypes．Inanadvisoryenvironment，however，  

theserestrictions areallowable．  

Kumeetal．［17］definedseveni1locutionaryforcetypesforma血inetranSlationsystems  

inthe‘‘inquiryonaconference”domain．Intheirtypedeterminationmethod，theheuristic  

rulesformulated丘omknowledgeonillocutionaryactsintheoriginal1a，nguageare11Sedtogether  

WithsuchglobalconstraintsastheendexpressionofasentenceandtheサSeOfadverbs・The  
machinetranslationcanbedoneatthelevelofcomm11nicativeintenti血▼rbyuslngknowledge ●  
oniuocutionaryactsinthetargetlanguage．Theirgoalisthemachinetranslationofspoken  

language，buttheirmethodcannotcopewiththei11egalsentencesappearlngln．aCtualspoken  

dialoguesbecausetheirmethodisbasedongeneralpragma・tics．  

Iidaetal．［18】definedabout20typesofcommunica，tiveactfromtheviewpointofthe  

rolesofutterancesinadialogue．Typeisdeterminedbyuslngthemodalityinformationofa  

SentenCe，andthedeterminedtypeistLSedasanelementofanutterancepalr．Theirresearch  

WaSfocusednotonthetypedeterminationbutontheuseofthedeterminedtype，Whichwaぷ  

usedasakeyelementforconstruCtingutterancepalrSindialog11eunderstanding．Theirworks  

didnotexplaintheirtypedeterminationmethod．  

Denetal．［4】presentedasemanticanalysismethodforconversationalsentenccs．This  

methodcanreSOIvetheellipsISObservedinconversational8entenCeS．Themethodrestrictsthe ●  

numberofinterpretationcandidates ofasentencebyusingtheideaofabduction［19］．The  

method，however，COrreSPOndstotheutterancepropositionconstruCtionstageanddoesnotdeal  

Withthemodalityinforma，tionofasentence．  

IrLthissection，therelationsbetweencombinationsoffeaturevaluesforCItypedeter－  

minationand12di鮎rent CItypes wereformulatedstatistic之山yandimplemented as the CI  
typedeterminationru1es・hotherwords，therulesarerega，rdedastheconstraintsbetweenthe  

Sllrhce struCtureSOfspokensentencesandthetypesofthe CIrepresentedby the sentences．  

Considertheexamplesentence“メッセージを送るにはどうしたらいいんですか（Whatshould  

Idotosendamessage？）・”Thissentenceisdecomposedintothreephrases：“メッセージを送  

る（sendamessage），，＝‘どうしたら（WhatdoIdo），”and“いいんですか（shouldI）．”These－  

quence“commonnoun，aCtion＿Predicate，basicform，にほ（“niwa・”），how＿Phrase，0ILpredicate，  

pp＿WOrdJnterrogation，end＿OLsentence”isextractedfromthesentenceasa．fbaturevectorfor  

CItypedetermination，andthentheCItype“ask－how，，isseleGted；aCCOrdingtotheCItype  

determinationru1esbeca11Sethelbat11reValue“how＿phrase”isincllldedinthevector．Theaction  

鮎me“SendMessage”isgeneratedltomthesequence“メッセ‾ジ（message），COmmnnOun，を  

（“wo”），POStPOSitiona・lwordrepresentingcase，送る（send），Verb．”ThissequencelSeXtraCted  

from the sentence as afeature vectorforutteranCePrOPOSitionconstruCtion．As mentioned  

above，themethodisrobustandisa・CCllrateeVenWhenusedfortheillegalor11ngrammatical  

expressionsoftenoccurrlnglnSPOkenlanguage．Note，however，thatthetargetspokensentences  
arerestrictedtosentence＄foraskingaconsultantforhelp．  

Themethodhastwofeatures．OneisthatthefeaturevaluesforCItypedetermination  

arederivedonlyfromthesurfalCeknowledgeofasentence，Whichincludesoriginalforms，nameSOf  

POSs，andnamesofinflectionforms，andsimplesemanticinformationimplementedaBSemantic  

WOrds・TheotherfeatureisthattheCItypeofasentenceisdeterminedbyma・tdhinganinput  
feat11reVeCtOrforCItypedeterminationwithatmost41rules．Thisenables CItypetobe  

determinedfasterthanan11tteranCePrOPOSitioncanbeconstruCted．  
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3．7 Conclusion  

Inthissection，amethodwasdevelopedtorecognizecommunica・tiveintention（CI）froma11Ser  

utterancebasedonthearLalysisofreal11SerutteranCeS．TherecognizedCIisrepresentedbyaCI  

descriptionconsistingofaCItypeandanutteranceproposition．ThepropositionalirLformation  

representingactions，StateS，andobjectsinthetaskdomainisextractedfroman－1tteranCe，and  

isdescribedasantltteranCePrOPOSitionin血amerepresentation，andthemodalityinformation  

representingthe u＄er’sattitudetypetothecorresponding11tteranCePrOPOSitionisextracted  
血omthe11tteranCe，andis de＄CribedaBOneOfthe12di鮎rentsymboIs8howninsubsubsection  

3．3．1．  

AdescriptionformofCIwaぷdefinedfromtheviewpointoftherolesof11Ser11tteranCeS  
inarL advisorydialogue．Fbrthisreason，Onlyinformationnecessaryto－requeSthelp canbe  

describedinthisde＄Criptionform．Ⅱence，theCIrecognitionmethodisrobustandcanbeused  

evenforthei11egalorungrammaticalexpressionswhi血areoftenobservedirLSPOkenlanguage・  
Utterancedatawas obtainedfromtheadvisorydialoguedatabasedescribedimSection  

2，Which consist of475sentences which16users saidtothe consultantin the XMIIusage  

experiments．The298sentencesin theuttera血ce datawereanalyzedto define adescription  

formofCIarLdtodevelop amethodforconstruCtingaJCIdescriptionfromasentence・Inthis  
article，eSPeCial1y，a．methodfordetermlnlngtheCItypeofasentencewasfocusedon・  

TheCItypedeterminationmethodisaccuratefbrallofthelearneddataconsistingof  

the298sentencesanalyzed andfor89．3％oftheunlea，rneddataconsistingoftheremaining177  

SentenCeS．  

TheCIrecognition血ethoddealsonlywithasimpleseIltenCea・ndacomplexsentencewith  
atmostomeperformativeverbduetotheinsumcientspecificationsoftheutteranceproposition  
construCtionstage．The next objectiveistoexterLdthestageso as todealwithacomplex  

SentenCeWithtwoormore performativeverbs．  
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4．ControlandManagementofDialogueswithaUser  

Inthissection，realu＄er－COnSultantdialoguesareanalyzed，andadialogueprocesslngmethod ●  
adaptedtothecharacteristicsofuser－COnSultantldialoguesisdevelopedbasedontheanalysis  
【1】【2】．Thismethodcanmana，geadialoguebetweenauserandasupportsystem，thestruCtureOf  

whichisacomplexofdialoguepatternSIandcanguideausertoaccomplishtasksbycontrolling  
systemresponses．Hence，themethodhasbeenimplementedintothesupportsystem［3】【4］we  

aredeveloping．   

4．1Introduction  

Adialoguebetweenauserandasupportsystemisgoal－0riented†andisconductedinorderfor  
anXMIIusertoaccomplishtasks．Ⅱence，thedialog11ehas a．complexstruCture；adialogue  

mayhaveoneormoresubdialogqes，eaChofwhichisconductedtohelptheuserirLaChievlng  

hissubgoal．Similarly，aSubdialoguemayhaveoneormoresub－Subdialogues，ead10fwhichis  

COnductedtohelptheuserinachievlnghissub－Subgoal．Andthedialogueshouldbecontrolled ●  

SOthattheusercanachievehistaskgoale鮎ctively．  

Conventionalstudiesondialogueprocessingaregenerallyclassifiedintoones［5ト【7】to  
understandadialogueandones［8】tocontroladialog11e．StudiesbyIidaetal．，TakarLOetal．  

andOhiraetal．areclassifiedintotheformerstudies．StudiesbyNishiyamaetal．areclassified  

intothelatterstudies．  

Iidaetal・［5］andTaknnoetal．［6］proposedmcthodsforunderstandingadialogue  

betweenpeoplebasedontheideaof“utterancepair．”AlthoughanutterancepalrCOrreSPOnds ●  

baぷicauytoapalrCOnSistingofalq11eStionandaresponse，itwasoriginallyextendedbyea血 ●  

researchgrouptounderstandadialoguebetweenpeople・Ohiraetal・［7】proposedamethodfor  
managlngadialoguebetweenauserandadialoguesystemindatabaseretrieval．Thismethod  

WaSalsobasedontheideaof‘‘utterancepair．”Thesemethodsweredeveloped tollnderstand  

Ormana・ge adialoguewithacomplexstructure・Hence†theywerenot designedtoguide a  
usertoachievehistaskgoalsbycontrollingsystemresponses．Basical1y，the“utterancepair”  

mechanismisnotsuitablefordialoguecontrol．  

ThetaJgetdialogueofNishiyamaetal・［8］alsowasadialoguebetweenuSeranda  
dialoguesystemindatabaseretrieval，buttheyproposedamethodfornotmanaglngbutcon－  

trollingadialogue・Thismethodcanguidetheusertothetargetdatae鮎ctivelybycontrolling  
thesystemresponses．However，themethodisnotavailableinothertaskdomainsbecausean  

utterancewhich8houldproduceasubdialogueisinterpretedaschange，additionordeletionof  

retrievalconditionandas11bdialogueisnotproduced．  ‾ 

Theapproachofthisresearchisbasedonananalysis云｛reaidata［9］［10］．1Ience，real  
dialoguedatawasobtained企omtheadvisorydialoguedatabasedescribedinSect．2．Thedia－  

log11eda・taCOrLSistsofadvisorydialoguesbetween16naiveusersandanexpertconsultantinthe  
XMHusageexperimentsshowninSect・2・Basedonananalysisofthedialoguedata†adialogue  
PrOCeSSlngmethodwasdevelopedwhidlbehaveslikealmmanCOnSultaJnt．Thismethod can ●  

manageadialoguebetweenauserandasupportsystem？thestruCtureOfwhichisacornplex  

Ofdialoguepatterns†andcanguideausertoaccomplishtaskse鮎ctivelybycontrollingsystem  
reSpOnSeS・  

Thissectionisorganizedasfo11ows．Subsection4．2describes dialoguedataobtained  

fromtheadvisorydialoguedatabase・Subsection4・3analyzesthedialoguedata，a・rLdobtains  

SeVeralRndingstodevelopthedialogueprocesslngmethod・S11bsection4・4determinesrequire－  
ments虹omthefindings）andproposesadialogueprocesslngmethodwhidlSatisfiestherequlre－  
ments・Subsection4・5concludesthissectionanddescribesourplansforfutureworkindiムユogue  

prOCeSSlng・  
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Table4．1Statisticalsummaryofthecollecteddialoguedata・  

tlserlltteranCeS  499 utterances 

（31・2utteranCeSPeruSer）  

Vseractions   Mouseoperations  3，4950perations  

（218・40perationsperuser）  

Keyoperations   12，796keys  

（799・8keyspertlSer）  

Guidedoperation8  3180per鵬ions  
（19・90perationsperuser）   

4．2 DialoguesintheAdvisoryDialogueDatabase  

hthiss11bsection，SPeCi丘cationsofthedialoguedatatobeanalyzedareshown．  

ThedialoguedatawaBObtained丘omtheadvisorydialoguedatabasedescribedinSect．2．  

TheycorLSistofadvisorydialoguesbetween16rLaiveusersandarLeXPertCOnSultantirLtheXMⅡ  
usageexperimentsshowninSect・2・mle4．1statistical1ysummarizesthedialoguedata．In  

Ta，ble4・1，thenumberofmouseoperationsmeansthenumberoftimestheuserspushedabutton  

Onthemo－1Se，andthenumberofkeyoperationsmeanSthenumberoftimestheⅦSerShitakey  

Onthekeyboard・A“guidedoperation”meanSamOuSeOPerationorakeyoperationwhichwas  
executedbycomplyingwiththeconsultant，sinstruCtion，Whereaguidedoperationcorresponds  

topushingamousebuttononceortypingaJSequenCeOfkeys・AuseractiorLmeanSag11ided  
OPerationinthefollowlng． ●  

Twosampledialoguetranscriptsareshownbelow；thesymboIs“U”and“C”denotea  
userutterance／a・CtionarLdaconsultantrespon8e，reSPeCtively・Thenumbersfo1lowingthesym－  

boIsareserialnumbers．Tbmakeiteaぷiertofo1lowthetranscripts，uSeraCtionsareinbrackets．  

TheparenthesizedsenterLCeSaJetheEnglishv鱒Sionsoftheutterances．   

DialogueNo．1：   

Vl：どうやって移動するんですか   

（ⅡowdoImoveamessage？）  

C2：はじめに移動するメッセージを選択して下さい   

（First，Selectthetargetmessage・）  

U3：［Message“4”wasselected．】  

C4：つぎに、移動先のフォルダを選択して下さい   

（Next，Selectthedestinationfo1der．）  

U5：［Fblder“myfo1der”wasselected．】  

C6：それから、メッセージメニューの中のメッセージの移動、を実行して下さい   

（Next，eXeCutethe“MoveMessage，，commandonthe“Message”menu．）  

U7：［The“MoveMessage”commandwasexecuted．］  

C8‥最後に、フォルダ日次の中の変更の実行、を実行して下さい  

（Final1y，eXeCutethe“CommitChanges”commandonthe“TableOfContents，，menu．）  
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U9：［The“CommitChanges”commandwasexecuted・］  

ClO：移動されました   

（Themessagewa点mOVed・）   

DialogueNo・2：   

Vll：手紙の内容が出てこないんですけど   

（TheconterLt80fthemessagearenotdisplayed・）  

C12：メッセージ2を選択して下さい。   

（Selectmessage“2・”）  

U13：［Message“2，，wasselected・］  

C14：つぎに、メッセージメニューの中の次のメッセージを実行して下さい   

（Next，eXeCutethe“NextMessage，，commandonthe“Message”menu・）  

U15：［The，“ComposeMessage”commandwasexecutedwrongly，WhichisIleXttOthe“NextMes－  
sage”command・］  

U16：二つ画面が出てきたんですけど   

（Anotherwindowappeared・）  

C17：新しい画面の左下にある終了、を押して下さい。   
（Pushthe“Closewindow”buttonatthebottomleft－handcornerofthenewwindow・）  

U18：［The－“Closewindow”buttonwaspushed・］  

U19：［The“NextMessage”commandwasexecuted・］   

4．3 AnalysisoftheDialogues  

Inthissubsection，thedialoguedataobtainedinsubsection4・2isanalyzed†andseveralfindings  
areobtainedtodeterminerequlrementSforthedialogueprocesslngmethodtobedeveloped・ ●  

TIletargetdialoguesweregoal－0rientedandwereadvisorydialoguesthroughwhich  
consultanthelpeduserstouseasoftwareprogram・ⅡenceInOtOnlyuserutteranCeSandcon－  
＄ultantresponsesbutalsouseractionsIl・e・†guidedoperationsmustbedealtwithasdialogue  
elements．Consequently，thestruCtureOfauser－COnSultantdialogueisdescribedasa8equenCe  
consistingofuserutterances）COnStLltantresponsesanduseractions・Asequenceisstartedby  
auserutterance／consultantresponseandi畠concludedbytheactionrequiredorintendedby  
theuserutterance／consultantrespone・IfanOtheruserutteraT！OrやCtiveconsultantreSPOne  
occurredbefbrethec11rrentSequenCelSCOnChded，aneStedsequence5tartedbythe11tteranCelS  
insertedinthesequence．Ⅱere，anaCtiveconsultantresponseisdefinedasavoluntaryutteranCe  

Whichisnotaresponsetotheuser．  

Dialoglle＄No・1andNo・2showninsubsectiorL4・2weredescribedinthesequenceform  
mentionedabove．Then，dialogueNo．1isthesequence“（user－utteranCe，COnSultant－utteranCe，  
user－aCtion，COnSulta．nt－utteranCe，uSer－aCtion，COnSultant－utteranCe，uSer－aCtion，  

COnSultant－utteranCeてuSer－aCtion，COnSultant－utteranCe）・”ThissequencemeanSthatdialogue  
No．1hasnonestedsequence．DialogueNo．2isthesequence‘‘（user－utteranCe，COnSultant－  
utterance，uSer－a，Ction，COnSultant－utteranCe，uSer－aCtion（user－utteranCe，COnSultant－utteranCe，  
user－aCtion）tlSer－aCtion）・，，Thissequencemeanstha・tdialogueNo・2hasanestedsequencc；the  

depthofthenestedseqllenCeisone†WheredepthzeromeanSthedepthofamainsequence・  
Al1thedialoguedataobtainedinsubsection4・2weredescribedinthesequenceform．  

A8reSults，317mainsequences wereobtained；2220fthemhadnonested sequence andthe  

remaining95，Whichaccountforabout30・0％ofal1themainsequences，hadoneormorenested  

40   



Table4．2StruCtureSOfthedialogues・  

（A）   
222   

（Al（B）A2）   34   

（A（B））   
29   

（A（Bl（C）B2））   6   

（A（B（C）））   
4   

（Al（B）A2（C）A3）   2   

（A（B）（C））   
2   

（Al（B）（C）（D）A2）   2   

OtherstrⅦCtⅦreS   1ineach  

（Al（B）A2（C）），   
（Al（B）A2（C（D））（E）A3），   （16intotal）  

（Al（B）A2（Cl（D）C2）），andsoon・   

seq11enCeS．However，thesenestedsequencesdidnotcrossanothersequence・Consequently，they  

CanbemanagedbylユSlngaStadk．  

Al1317mainseqllenCeSWereClassi丘edonstruCturalba＄is．TheresultsareshowninTa・ble  

4．2．Analphabeticsymも01inasequencemeanSOneOrmOre8uCCeSSivedialogueelementsatthe  

Samedepth．Sub＄Criptsareserialnumbers．Fbrexample，dialogueNo・1showninsubsection  

4．2isdescribedintheformof“（A）”anddialogueNo・2is“（Al（B）A2）・”Notethatdepth  

SixaSthemaximumanddepthl・4wastheaverage；thisaveragewascalculatedby（∑the  
manmumdepthineachmainsequence）／（thenumberofmainsequenceswithoneormorenested  
SeqnenCeS）・  

Tba，nalyzethepatternSOfdialog11eelementsatthesamedepthinasequence，allthe  

SequenCeS Weredecomposedonthebasisofdepth・Fbrexample，thesequence（Al（B）A2）  

isdecomposedintotwosequences：‘‘（AIA2）”and‘‘（B）・”Adecomposedsequenceiscalleda  

“1ayer，，inthefo1lowlng．nOmthisdecomposition，2651ayerswereobtained丘omthe95main ●  

SequenCeSWithoneormorenestedsequences．Addingthe222mainsequenceswithnonested  

SequenCe，atOtalof487layerswereobtained．  

AlayerisexpectedtohaNedialog11epatternS．Tbexaminethis，COnSultantresponses  

Were ClaBSifiedinto“active utterances”a，nd“passive utteranGCS；”ミbassive utterances”were  

furtherclassifiedinto“InstruCtion，，＝‘Yts／No，，＝‘Attribute－Value，”“Explanation，”“Query，”and  

“Completion；”anduseractionswereclassifiedinto“Execution”and“Misoperation．，，Allthe  

layersweredescribed11Slngthesedetai1eddialogueelements．TheresultsareshowninTable  

4・3・Thedenotation“【InstruCtionExecution］”meanSthataconsultantinstruCtion 
． 

activeconsultantresponse・Sincethesupportsystemwearedevelopinghasnoactivesupport  
CaPabilities，theactives11PPOrtdialog11eSWerenOtanaly2；ed・  

Table4・3showsthatseveraltypicaldialoguepatternSWereObservedasthestruCttLreS  
Oflayers．ThedialoguepatternSOfalayercanbedeterminedbythetypeofcommunicative  

intention（CI）oftheuttera，nCeatthebeginningofthelayer．Thefo1lowinginteractionsbetween  

auseraTLdaconsultantSeemVerynatural：iftheusera・Skedaquestionconcern1ngaPrOCedure，  

tlleCOnSultantwi11instruCtthe11SerintheRrststepoftheproced11re．The11SerWilltherefore  

COmPlywiththeinstruCtionandexecuteit．  

Next，therelationbetweenthedialoguepa，ttemSandtheCItypeswasdetermined．Tlle  
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Table4．3StruCtureSOflayers（dialoguesatthesamedepth）・  

（User－utteranCe   

134（32・4％）  【InstrmctionExecution】）   

（User－utteranCeY由／No）   110（26－6％）   

（User－utteranCeAttribute－Value）  45（10・9％）   

叩seト廿日eranceY由／Ⅳ0   

Attribute－Value）   9 （2・2％）  

（User－utteranCeExplanation   

【InstruCtionExecution］）   9 （2・2％）  

（User－utteranCeYbs／No   

【InstructionExec雨ion】）   8 （1・9％）  

Ot血er   98（23・7％）   

Actives11PPOrtdialogue   28   

（UserqutteraJnC色）   46   

Table4．4ClassificationofuserIs communicativeintention．  

CI Types Meanings of utterances no．oflayers   

ask＿how   Wh－queStionsonproced11reS   146（35・4％）   

ask＿aも0Ⅶt  Wh－queStionsonconcepts   7（1．7％）   

ask＿WIl   Wh－queStionsonattributevalues  37（9・0％）   

ask＿if   yes／no－q11eStionsontruthvalues  179（43・3％）   

血ave＿もelief  expressionsofbelief畠   36（8・7％）   

h肌e－gO山  expressionsoftaskgoals   8（1．9％）   

CItypes observedin theurserutterances areshownin Tabl占一’4．4むiththemeanlngS Ofthe  
COrreSPOndimg11tteranCeS．ThertumbersinTable4．4aretheresultsofclassifyingthe413layers  

inTable4・3accordingtotheCItypes．  

Toanalyzewha・tdialoguepatternSeXistedinlayersbeginnlngWiththesameCItype，  

useトutteranCeSinal1thelayerswerereplacedwithCItypesoftheutterances．Inthispaper，  

COnSiderthelayersbeginningwithCItype“ask－if”or“ask－how，”whichacco11ntfor78．7％of  

allthe4131ayers．ThedialoguepatternSfor‘‘ask－if”areshowninTable4・5；1491ayers，WhidL  

a・tCOuntfor83．2％ofal1the1791ayers，havestruCtureSOf“（ask－ifYbs／No），”“（ask－ifYbs／No  

（［InstruCtiorLExecution］IAttribute－Value）），”or“（ask－if（［InstructionExecution］IAttribute－  

Value））”・Thedcnotation“（AIB）”meansthateitherAorBoccurred・ThedialoguepatternS  
for“ask－how，，areshowninTable4．6；881ayers，Whichacco11ntfor60・3％ofal1the1461ayers，  

haveasimplestruCtureOf“（ask－how［InstruCtionExecution】）”・  

Thea，bovefindingsshowtha，tmOStOfthelayershaNetyPicaldialog11ePatternSWhichcan  

bedeterminedbytheCItypeoftheuserutterance・Cortversely，however，301ayers（16・8％）of  

thelayersbeginningwith“ask－if，，and581ayers（39．7％）ofthelayersbegirLningwith“ask－how”  
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Table4．5LayersbeginnlngwithCItype“ask－if．”                                                                ●  

（鮎k－ifY由／No）   107（59・8％）   

（ask－if［InstruCtionExectltion］）  14（7・8％）   

（ask－ifAttribute－Value）   11（6．1％）   

（誠k－ifY由／No   

Attribute－Value）   9（5・0％）  

（誠k－ifYbs／No   

【InstruCtionExecution］）   8（4・5％）  

Other   30（16・8％） 

Table4．6LayersbeginnlngWithCItype“ask－how・”  

（aBk－how［InstruCtionExecution］）   88（60・3％）   

（ask－howAttribute－Value）   10（6・8％）   

（ask－howInstruCtion）   6（4・1％）   

（ask－howExplmation［InstruCtionExecution］）  4（2・7％）   

（a＄k－how［hstruCtionExecution］Execution）   4（2・7％）   

（ask－howInstruCtionExplanationExec甘tion）   3（2・1％）   

（ask－howCompletion）   3（2・1％）   

OtIler   28（19・2％）   

didnotfittheabovedialoguepatternS・Tb允ndwhytheydidnotfitthedialoguepatternS）the  
struCtureSOftheselayerswereinvestiga，ted．  

First，COnSiderthe301ayersbeginningwith“ask－if．”131ayers（43・3％）ofthelayershad  
atypicaldialoguepatternSbecausetheconsultantadditional1ygavesupplementalexplanation・  
10layers（33．3％）ofthemhaldatypicaldialoguepatternsinwhichthelastdialogueelement  
washstruttion，Explanation，Query，Or Misoperation．ThereaぷOnStheseatypicaldialogue  
patternSOCCurredwerethesameaSthereasonsthelayerswithill喝叶脚tternS“（user－utteranCe）”  
occurred．Thereasonswillberevealedlater．Theremaining71ayers（23．3％）resultedfromtIle  
factthatthellSerSeXeCutedcorrectoperationsbeforethecoIISultant’sinstruCtion・  

Next，COnSiderthe581ayersbeginmingwith“ask－how・”32layers（55・2％）ofthelayers  
occurredbecaluSetheconsulta・ntadditional1ygavesupplementalexpla・nation・Thelastdialogtle  
elementin181ayers（31・0％）ofthemwasInstruCtion，Explanation，Query，OrMisoperation・  
Therea＄OnSthelast dialogueelement wasanyofthesewerethesameasthe reasonsmen－  
tionedabove．51ayers（8．6％）ofthemoccurredbecausetheusersexec甘tedcorrectoperations  
beforetheconst11tarLt，sinstruCtion．Theremainirtg31ayers（5．2％）havethestruCture‘‘（a＄k－how  
Completion）・”  

Thecon蝕1tantOftengavesupplementalexplanationaccordingtotheuserIscomprehen－  
sionandmentalstate・AmechanismforgeneratingaresponselikethiscannOtbe achieved  
bycurrentteclmologybeca・uSebeliefgIabilitiesandmentalstatesofuserscannotbemanaged  
perfectlya・ndquantitativelybycomp甘ter－basedsystems・Suchamechanismwillbedeveloped  
inthefuture・Anothercomplicatinghctoristhatusersoftenexecutedcorrectoperationsin－  
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Table4．7Thereasons“（user－utteranCe）”occurs・  

Additionalutterance   21（45．7％）   

Consultantdidnotreply  14（30・4％）   

Di鮎rerLtWOrding   8（17．4％）   

Other   3（6．5％）   

pf2；  

Figure4．1Basicconceptofadialogueprocesslngmethod；   

dependentlyoftheconsultant，sinstruCtion，eVenthoughtheuserhadaskedthe consultanta  

q11eStionconcern1ngtheoperations．Thea，bilitytore－eValuatetheprogressoftheuser’stask ●  

PlanWhenevernecessarymustbethereforeglVentOthesupportsystem・  
Finally，thelayerswithillegalpatternS“（user－utterarLCe）”wereanalyzed・Table4・7shows  

thereasonsfor such patternS．An“additionalutterance”is carriedout to addinformation  

tothepfeceding utteranCe．1Ience somerelationshipexists between thetwo11tteranCeS，for  

example，furtherspeci£cationorquery．Tbhandletheseadditionalutterances，aneWSemantic  

representationthatcandescribetherelationshipbetweenthetwoutterancesmustbede負ned．  

Thisbecomesoneofo11rfutureobjectives．  

A“di鮎rentwording”meansthatthecurrentutterance垂響gedthewordingofaprevious  
utteranceinthesamedialog11e．IfthecⅥ．rrentutteranCeCanbelmified’withaprevio11SutteranCe  
inthesamedialogue，thec11rrentutterarLCeisregardedasa“di鮎rentwording．”Sincethetwo  

utteranceshaNeCOmPlementaryinformationtoeachother，thetotalinformationisdescribedby  

umifyingtheirsemanticstruCtureS．ThelayersstartedbyutterancesbetweenthetwouniRed  

utterances are conduded as the side effbct on theunification，and thelayer started by the  

PreViollSutteranCeisconcludedwhenthelayerstartedbythecurrent11tteranCeiscorLCluded．  

Inthissubsection，uSer－COnSultaJnt dialog11eSWereanalyzed，andseveral魚ndings were  

ObtainedtodeterminerequlrementSforthedialog11ePrOCeSSlngmethod・   

4．4 DialogueProcessingMethod  

Inthiss11bsection，therequlrementSforthedialog11ePrOCeSSlngmethodaredetermined血om  

thefinding＄Obtainedinsubsection4．3；andthemethodi8developed soasto satisfythese  

requlremerLtS．Insubsubsection4．4．1，abasicconceptofthemethodisdesigned．Insubsubsec－ ●  

tion4．4．2，PrOCeSS且owsaredesigned．Aprocess丑owcontroIsalayer，andisdescribed as an  
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dgoritbm．   

4．4．1Designofbasicconceptofthemethod  

First，the丘ndingsobtainedinsubsection4・3aredescribed？andtherequlrementSforabasic  

conceptofthedialogueprocesslngmethodaredeterminedbasedonthefindings・  

（1）ThetargetdialoguehasnotonlyuserutteramCeSandconsulta・ntreSPOnSeSb甘talsouser  
actionsinXMHaBdialogueelements・CorLSequerLtly）themethodtobedevelopedmust  
dealwiththreekindsofdialogueelements；uSerutteranCeS，COnS111tantresponsesanduser  

actions．   

（2）Thedialogueisdescribedasasequencewithzeroormorenestedsequences・lIowever，  

nested sequences donot cross anothersequence・Conseq11ently，themethod can use a  

Sta止tomanagenestedscq11enCeS・  

（3）AlayerhasdialoguepatternS，Wherealayerconsistsofdialogueelementsatthesamedepth   

inasequence．ThesepatternSdependonthetypeofcommunicativeintention（CI）ofthe  

tltteranCeStartingthelayer．Consequently，aPrOCeSS且owwhichmanagesandcontroIs   

layershouldbegeneratedaccordingtotheCItypeobtainedfromtheutteranCeStarting  

thelayer．  

Next，abasicconceptofthemethodisdesignedsoastosatisfytheserequlrementS・  

TlledesignedbasicconceptisshowninFig．4．1．AccordingtoFig・4・1，themethod  

beforestartingaJdialog11eisintheinitialstate．IfauserutteraJrLCeWaSlnPutted，anadequate  

processAow（pfl）isgeneratedaccordingtotheCItypeoftheutteranceandispiledupon  
astatk．Theprocess且owatthetopofthestackalwaysrunS，a，ndmanagesandcorLtrOIsthe  

Currentlayer．IfanotherutteranCeWaSinputtedwhileal叩erWaSPrOCeSSed，theprocess魚ow  

PflisintermptedandanewprocessAow（pf2）isgeneratedaccordingtotheCItypOfthe  
new11tteranCeandispileduponthestack．Ifthenewprocess魚owpf2finishedproce＄Slng，itis  

removedfromthestack，a・ndtheprocess丑owpflstartsprocessユngagaJn．Notethatthemethod  

Checkswhethera．userutterancehasdifrbrentwordingtoanyprevio11S11ttera．nCeS．Iftrue，the  

PrOCeSSlngdescribedinsubsection4．3iscarriedo11t．   

4．4．2 Designofprocess丑ows  

Fir8t，the負ndingsobtainedinsubsection4．3aredescribed，andtherequirementsforprocess  

丑owsaredeterminedbasedonthesefindings．CorLSiderthedesi辞Of‥aprocess且owforCItype  

“ask－how”inthefo1lowlng．   

（a）Manyofthelayersbeginningwith“ask－how”havethestruCture“（ask－how［InstruCtion  

Execution］），，asshowninTable4．6．Consequently，aPrOCeS＄且owfor“ask－how”musthaNe  

a，nalgorithmtoglVeadequateinstruCtion＄andconRrmuser，sexec11tions．  

（b）UserssometimeschangedthestateofXMHbymisoperation・Consequently，aPrOCeSS  

且owfor“ask－how”musthavecapabilitiestodetectauser，smlSOPerationandinformthe  

useroftheね・Ct，andmusttracechangeofthestateofXMH．  

（c）Userssometimesaskedaboutanoperationwhichhadalreadybeenexcutedsuccessfu11y・   
Ins－1Ch a＄ituation，aPrOCeSSflowfor“ask－how”isreq11iredinformlngthe11SerOfthe  

mis－1nderstanding．  
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1・・・teStSifsucceededinoperadoncorrespondingtotheutteranceproposition  
2…teStSiffailedinqperationcorrespondingtotheut［eranCePrOPOSidon  

3…generateSa画anPlfbrachievingtheutteranCeprPPOSi也on  

4・・・makesanewcurrentplan舟omP1  
5…teStSifacurrentかaneXists  
6・・・instruCtSthefirststepofthecurrentplan  

7＝getSuSerlnPut  

8…infbrmSmisoperation  
9…runSaneWPr∝eSSnOW  
lO…infbrmSmisconception  
ll・・・infbrmSWhy餌1edinoperationcorrespndingtotheutteranceprqposition  

Fig－1re4．2Aprocess且owforCItype“ask－how・”  

Next，a．PrOCeSS且owfor”ask－how，，isdesignedsoastosaJtisfytheaboverequlrementS．  

Theprocessflowfor“ask－how，，isillustratedinFig．4．2，Whereitissimplyillustrated  

toma・keeasiertofo1lowthealgorithm．Requirement（a）issa・tisfiedbynodesNo・6andNo・7・  

Req11irement（b）issatis鮎dbynodesNo・4，No・7andNo．8．BynodeNo・7，auSerinputis  

acceptedandthefo1lowlngCOnditionsarechecked：WhethertheinstruCtionpresentedbynode  
No・6was exec11ted ornot，OrWhether anotherutterarLCeWaSlnPutted．IftheinstruCtion  

WaSeXeCutedcorrectly）aSubplanbywhichtheinstruCtionwasgeneratedisremovedfromthe  
CurrentPlan．Ifa wrongoperation was executed，theuserisinformedbynode No．8，and  

acurrentplanis re－generatedbynodeNo．4．Bythisplangeneration，eVenifthesta・teOf  

XMⅡwaschangedbymisoperations，theprocess且owcanglVeadequateinstruCtions・Ifanew ●  

utterancewasinp11tted，bynodeNo．9aprocessflowisgeneratedaccordingtotheCItypeof  

thenewutteranceandispiled11POnthestack・ThisnewprocessAowmanagesandcontroIsa  
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1ayerwhichwasstartedbythenew11tteranCe，andtheoldprocess且owisstopped・Ifthenew  

PrOCeSS丑owfinishesprocesslng，theoldprocess丑owstartsprocessingfromnodeNo・4・Bythis  

node，a．CurrentPlarLisre－gerLerateddependentonthecurrerLtStateOfXMⅡ・Req11iremerLt（c）is  

SatisRedbynodeNo．1．Bythisnode，Whetherthetargetoperationhasalreadybeenexecuted  

ischecked．Ifdone，nOdeNo．10informstheuser．  

ApartofthenodeswasdesigrLedbasedonthespeciRcationsdeterminedinRefb・［11】  
and［12］・Inthereferences，theknow－howofresponsegenerationwhichthelmmanCOnSultant  

emplqyedtohelptheuserswaBformalizedastheresponsegenerationru1e＄．Fbrexa・mPle，the  

responsegenerationrulesfor“ask－how，，areasfo1lows：  

（i）Iftargetoperationwasjustbeforeexecutedsuccessfully，theuserisinformeす・  

（ii）Ift甲getOPerationwasjustbeforeexecutedwrongly，theproblemstobesoIvedandtheir  

SOlⅥ．tionarepresentedtothe11Ser．  

（iii）A planis generated toperform the target operation，and proceduresin the plan are  

PreSentedtothe11SerStePbystep．  

Theseru1es（i），（ii）and（iii）areachievedbynodesNo．1andNo．10，nOdesNo．2and  

No．11，andnodesNos．4－7，reSPeCtively．  

NodesconstruCtingprocess且owsareclassiAedintofourgroups：16nodesforchecking  
acondition，anOdefbrgettingauserlnPut，38nodesforsystemprocesslng，and12nodesfor ●  

SyStemOutP11t・InFig．4．2，thesenodesareshownindoubleffames，aSh－COloreddoubleframes，  

SingleframeS，arLdash－COloredsingle企ames，reSPeCtivdy．   

4．5 Conclusion   

A－1SerSuPPOrtSyStemisbeingdevelopedwhichplays theroleofahuman consultant．SucIl  

asystemshouldnat11rallyandsmoothlydialoguewithauserandhelptheuserto11SeXMH  

e鮎ctively・Tbachievethese，adialogueprocesslngmethodwasdevelopedbasedontheanalysis  

Ofrealadvisorydialoguesbetween16ⅩMⅡusersandaconsultant．Thismethodca，nCOntrOl  

andmanageadialoguewithauserbyuslngPrOCeSSflowsanda，StaCk．  

ThedialoguewhichcanbemanagedbasedontheideaofutteranCePalrSCOnSistsbasically  

OfpalrSOfauserque＄tiorLandasystemanswer，OrpalrSOfasystemq11eStionanda11Sera．nSWer．  

Thedialog11ePrOCeSSlngmethoddevelopedinthissectioncanalsodealwithuseractions，and ●  

henceitcanmanageandcontrolthedialogueconsistingofuserquestionsISyStemreSPOnSeS，  

anduseractions・Managementandcontrolareachievedbyprocess且owsand astack．Since  

aprocess且owisdescribedintheformofanalgorithm，theresponsegenerationrulescanbe  
■一－●■－●  

implementedeasilyintotheprocess且ow．  

Thecharacteristicsofthedialogueprocesslngmethodareasfo1lows．   

0NotorLlyuserutterancesandsystemresponsesbutalsouseractionsareincludedasdia－   

logueelements・Hence†eVeniftheuserexecuteswrongoperations，theuser）smisconception  

Ca・nberesoIvedbyinfbrmlngtheuserofthefact．   

0Adialog11eCOnSistingofoneormorelayerscanbemanagedandcontro11edbythemethod．  
Hence，aJdialoguebetweenauserandasupportsystemthathassimilarstruCtureCanalso  

bemanagedandcontrollednat11ral1yandsmoothly．   

0Systemresponsesaregeneratedsoastoguidetheusertoachievehistaskgoalse鮎ctively．  

BythisIthesupportsystemcanengagee鮎ctivelyinadialoguewithauser・  

AnadditionalutteranCeiscarriedouttoaddinformationtotheprecedingutterance・  
TbhandlesuchanadditionalutteranCe，amethodwi11bedevelopedtoanalyzeanddescribea  
relationshipbetweerLthetwoutterance＄．  
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5．ConstructionofanExperimentalUserSupport System  

Anexperimentalusersupportsystem【1】【2】isconstruCtedbasedonthemethodsdevelopedin  
Sections3and4．Inthissection，thearchitect11reOfthes11PPOrtSyStemisshown，andeach  

modtlleofthesupportsystemisdescribed．DialogueexamplesarealsoglVentOShowhowthe  

S11PPOrtSyStemWOrks．   

5．1Introduction  

Altho11ghsuchinte11igent systems as personalcomputersand word processors have become  

widelytlSedby thegeneralpublicinJapan，theyhavenot been used e鮎ctivelybecauseof  

thedi瓜Ⅲ1tyoftheiroperationandthecomplexityoftheirconceptualstruCture．haddition，  

masteringthesystemsreq111reSagreatdealofhborbecausetheirmanualsarelargeandcomplex・ ●  
Intheidealsystemenvironment，thesupportofanexpertconsultarLtisalwaysavailablc．  

IIowever，SuChanenvironmentdoesnotexistformostpeople．Ⅱence，adialogue－baseduser  

SuPPOrt SyStemisbeingdeveloped thatpl叩Stheroleofanexpert consultant．This s11PPOrt  

SyStemWOrksasfo11αⅣS：Whenausergetsintotroublewhileperformlnghistaskonanintelligent  
SyStem，hecanverbal1yaskthesllpPOrtSyStemforhelp．ThesupportsystemprovidessllPPOrt  

tothe11Serthroughspokendialogues．ThetargetlanguageisspokenJapanese．  

A user support systemlike thisis experimentally construCted on a UNIX computer  

【1】〔2］．Inthissection，thearchitectureofthesupportsystemisshown，andeachmoduleofthe  

SuPPOrtSyStemisdescribed・ThisarticlefocusesontheNaturalLanguageProcessing（NIJP）  
andDialogueProcessing（I）P）modules，WhichcorrespondtothemethodsdevelopedinSections  

3and4，reSPeCtively．  

AdvisorydialoglleSinwhichthes11PPOrtSyStemCanParticipateareallrelatedtothe  

useofXMⅡaBdescribedintheprevioussections．XMHisanintelligeI止systemwhichhasthe  

functionsofincorporating，displaying，COmPOSlng，Sending，andstoringelectrorLicmai1，andhas  

avis11alinterfaceoperatedmainlybyamouse．  

Themainfeaturesofthesupportsystemaresummarizedasfollows．  

（1）TheXMⅡwhichisthetargetofsupporthasavisualinterfaceratherthanacom－  
mandinterface．  

tTNIXConsultant（UC）byWilensky［3］，Neo－AssistbyUehara［4］，andCIS（command  

interface8hell）byAoe【5］areconventionalusersupportsystemsthathelpusersinusingintelli－  

gentsystems・Theses11PPOrtSyStemSSuPPOrtirLtelligentsystemswithUNIXcommandinterfaces 一一・－－▲  

ratherthanwithvisualinterfaces．Therearefewstudiesaddresslngaふintelligentsystemwith  
Visualinterface・Useroperationsinavisualinterfacear9eXeC甘tedmainlybymouseoperations；  
movlngamOuSeCurSOrandpushingandreleaslngamOu占ebutton．Consequently，thesituation  
WherethetlSerhasbeenplacedinmustbereconstruCted企oms11Chlow－1evelmouseoperations．  

（2）ACIdescriptionisconstruCted丘omaspokensentence，Wherea“CIdescription，，  

meansasemaJnticstruCturetOrePreSentauSer，s communica，tiveintention，arLd a  

“spokensentence”meansonetranscribedfromanutterance【6］［7］．  

AnutteranCehaspropositionalandmodalityiふformation［8］．Bypropositionalinfor－  

mationtheobjectiveactions，StateS，OrObjectsarerepresentedwhichcanbede丘nedinatask  

domain，andbymodalityinformationthespeaker，ssubjectivejudgementorattitudeisrepre－  

Sented・Fbrexample，theutteranCe“ファイルを消したい（Iwanttodeletea£1e）”hasthepropo－  

8itionalinforma・tiontorepresentanactof‘‘ファイルを消す（deletingafi1e），，andthemodality  

49   



informationtorepresentthespeaker，sattitudeof“～したい（wantingtodo）”・However，incon－  
ventionalstudiesonspoken－1anguageunderstanding【9］［10］，thesyntactic／semanticanaly＄isofa  
spokensentenceisfocusedon，andpropositionalandmodalityinformationarenotdistinguished  
fromeachother．Therefore，itis二nOtea＄ytOdeterminethespeal｛er†sattituderepresentcdby  
modalityinformation・Onthecontrary，thespoken－1anguageunderstandingmethodICal1ed∝CI  
recognitionmethod）IldevelopedinSection3extractsthepropositionalandmodalityinformar  
tionseparatelyfromaspokensentenceIandconstruCtSaCIdescriptionwhichhasthefo1lowing  
StrⅦCture：  

（（CItype〉（utteranceproposition〉），   

where（utteranCeprOPOSition）isa丘ame【11】【12】whichrepresent＄thepropositionalinformation  

ofthespokensentence，anddescribestheactions，・StateS，OrObjectswhichcanbedefinedinthe  

XMHdomain．（CItype〉isasymboIwhichrepresentsthetypeofthespeaker，sattitudetothe  

corresponding（utteranCeprOPOSition〉，andisselectedoutofthe12di鮎rentCItypesde丘ned  

inSectio皿3．  

（3）Asystemresponseisgeneratedaccordingtotheresponsegenerationru1eswhichare  
SelectedbytheCItypeofauserquestion［13】【14】．  

Userquestionsareclassifiedinto12groups丘omtheviewpointofwhatthetlSerSrequired  
Oftheconsultant．ACItypeisasslgnedtoeachgroup．Sincetheknow－howwhentheconsultant ●  

respondedtotheuserquestionswithaCItypeisformalizedastheresponsegenerationru1es  

forquestion8WiththeCItype，thesupportsystemcanprovidepracticalande鮎ctivesupport  

tousersbyusingtheru1espreparedforeachCItype．  

（4）ThesupportsystemcontroIsdialogueswithauser，andguidestheusertohistask  

goal【15】【16】・  

A dialoguebetween auserand asupportsystemhasadialog11ePattern，SuCh as the  

Orderedseq11enCeOfauserquestionandasystemresponse．Thetypeofadialoguepatternis  

determinedbytheCItypeofthe11tteranCeatthebeginnlngOfthedialoglle・TIlisisbecause  
thefo1lowinginteractionsbetweenauserandasupportsystemseemverynatural：iftheuser  

askedaquestiortconcernlngtheproceduresofanoperation，thesupportsystemwillinstruCtthe  
firststepoftheprocedurestotheuser．Theuserwi11thereforecomplywiththeinstruCtionand  

exec11teit．Ⅱence，thereare12di鮎rentdialoguepatternswhich・GOrr声SPOndtoCItypesoneby  

One．Adialog11eWitheaJChdialoguepatterniscontro11edbya“process且ow”determinedbythe  

CItypeoftheutteranceatthebeginnlngOfthedialogue・Theprocessflowalsoachieves the  
responsegenerationrulesfortheCItype，WhidlWeredescribedintheaboveitem（3）・Inthe  

mea．ntime，adialoguebetweenauserandasupportsystemmayhaNeneSteddialogues，SuChas  

Subdialog11eSandsub－Subdialogues・Sincethesenesteddialoguesdonotcrossanotherdialo  
eachnesteddialog11eisalsocontrolledbyaprocess且ow．Process且owsforadialog11eandnested  

dialoguesaremanagedby11SlngaSta血  

Thissectionisorganizedasfollows．Subsection5．2showshowauserworks with the  

experimerLtalusersupportsystem・Subsection5・3showsthearchitectureofthesupportsystem，  

anddescribeseachmoduleofthesupportsystem．Subsection5．4showsdialoguesbetweerLthe  

SuppOrtSyStem andasimulateduser．Subsection5．5concludes thissection，andshows o  

PlarLSforfutureworkonthedesignandconstruCtionofadialogue－basedusersllppOrtSyStem．  
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Figure5．1Usersupportsystemenvironment．   

5．2 UserSupportSystemEnvironment  

The environmentin which the support systemis availableis shownin Fig．5．1．An XMⅡ  

user usual1yirLPutS XMⅡcommands by mouse operations，and performs his task．Thisis  

becausecommandinputbymo11SeOPerationshashighere伍ciencythanthatbynaturallanguage  
expressions．When aproblemocc11rS，theusercanaSk the s11PPOrt SyStemforhelp through  

natural1ang11agedialogues．Thisisbecauseanattlral1anguagesuchasJapaneSeisveryeffbctive  

inexpressingambiguous concepts and／orvaguerequirements．Itisnearlyimpossiblein an  

artificiallanguage becauseanaJtificial1anguage has exact semantics・The support system  
understands the user，s speech，and generates the cooperative responsefor the speech・The  

responseispresentedtotheuserintheformsofspeechandtext．Thetextformofresponsewas  

keptontlle11Ser，sdisplaysothatthe11SerCO111dre鮎rtoitatanytime・   

5．3 ConstructionofanExperimentalUserSupportSystem  

IrLthiss11bsection，aneXperimental11SerSuPPOrtSyStem［1］【2］isconstruCtedbasedonthemeth－  

Odsdevelopedintheprecedingsections．  

Thearchitectureofthesupport甲StemisshowninFig・5－2，aJndeachmoduleofthe  

SuPPOrtSyStemisdescribedirLthefo1lowlng・   

SpeechRecognitionmodule：  

ThespeechrecognitionsystemI）S200［17］onthemarketwasincorporaJtedintothesup－  
portsystemastheSpeechRecognitionmodule・ThisDS200transformscontinuousspeechby  
anunSPeCifiedpersonappropriatelyintooneofpredefinedKa，nji－Ⅹanamixedsentences・The  

SPeeCIlreCOgnitionresultofanutteranceiscal1eda仏spokensentence乃inthisarticle・   

NaturalLanguageProcessing（NLP）module：  
ThismodulecorrespondstotheCIrecognitionmethoddevelopedinSection3・The  

modulegeneratesaCIdescriptionfromaspokensentence（aXanji－Ⅹanamixedsentence）・ACI  
descriptionisasemantic8truCturefordescribingthecommunicativeintentionwhichaspoken  
sentencehas，andconsistsofaCItypeandanutteranceproposition・Anutteranceproposition  
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Figure5・2ThearchitectllreOfanexperimentalusersupportsystem．   

represent8theactions，StateS，OrObjectswhichcanbedefinedintheXMHdomain，andisde－  

SCribedinffamerepresentation［11】［12］．ACItyperepresentstheuser，smentalattitudetothe  

COrreSPOndingutteranceproposition，andisselectedoutofthe12symboIsdefinedinSection3．   

I）ialogueⅥbrldmodel；  
ThismodelmanagestheknowledgeaNailabletothesupportsysteminresponsegener－  

ation，and consistsoftheObjectWbrldmodel［12］andtheUsermodel．TheObjectWbrld  

modelmanagestheeventhistoryofuseroperationstoXMⅡ，thestateofXMH，andthestatic  

domainknowledgeonXMH・TheUsermodelmanageStheuser，sbelief畠andgoals．An11tter－  

ancepropositiongeneratedintheNIJPmoduleisdescribedbasedonthisDialogueWorldmodel．   

XMH simulator：  

ThissimulatorextractseventinformationfromXMⅡ，andsimulatestheuseroperations  

toXMⅡandthestateofXM甘inrealtime・Theresultsofthissimulationchangethestateof  
theDialogueWbrldmodel．   

DialogueProcessing（DP）module：  
Thismodulecorrespondstothedialogueproces＄1ngmetttOddevelopedinSection4，and  

managesandcontroIsdialogueswithauserbyuslngPrOCeSSflowsandastack．Aprocess且owis  

amecLanismtocontroladialogue）andisexecutedaccordingtotheCItypeofaCIdescription  

PaSSedfromtheNIJPmodule・Nesteddialoguessucha＄SubdialoguesaJndsub－Subdialoguesare  
alsocontrolledbyprocess丑owsineach・Allprocessflowsforadialogueandnesteddialogues  
a・remanagedbyuslngaStaCk・TheprocessAowatthetopofthestackisalwaysrunming・∬the  
PrOCeSS瓜owfinishescontrollingadialogue，theprocessflowisremoved企omthestack．  

Ifnecessarylthemoduleconstructsaresponsedescription，andpassesittotheResponse  

Generationmodule・Fbrexample，inordertogeneratetheresponsesentence‘‘「メッセージ」  

メニューの「メッセージの移動」を実行して下さい．（Executethe“MoveMessage”commandon  

the“Message”menu・），”theresponsedescription“（InstruCt（menuメッセージメッセージの移  

動））”isconstruCtedandthenpassedtotheResponseGenera，tionmodule．  

Thismodulealsohasthecharacteristicsasfollows・Theresponsegenerationrulesfor  
eachCItypewereachievedbyaprocessflowfortheCItypeintheformofanalgoritlm［13】【14】．  

Hencelthismoduleenablesthesupportsystemtotalkcooperativelywiththeuser・Inaddition，  
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e11ipsesoffi11ersobservedinauserutterancecanberesoIvedbyuslngtheuser）staskplan・   

ResponseGenerationmodule；  

Thismodulegeneratesasentence丘omaresponsedescriptionbyuslngatemPlate・Fbr  
example，theresponsedescription（InstruCt（menuメッセージメッセージの移動））passedfrom  

theDPmod111eistransformedintotlleSentenCe“「メッセージ」メニューの「メッセージの移動」  

を実行して下さい．（Executethe“MoveMessage，，commandonthe“Message，，menu．）”byusing  

thetemplate“「＊1」メニューの「＊2」を実行して下さい．（Executethe“＊2”commandon  

the“＊1”men11・）・，，   

5．4 DialoguesbetweentheSupportSystemandaSimulatedUser  

hthissubsection，threedialoguesbetweentheexperimentaluser8uPPOrtSyStemandasimu－  

lateduserareglVena？eXamPlestoshowhowthesupportsystemworks．Thefirstexa，mPleisa．  

dialoguewhichhasatypicaldialog11ePatternbuthasnonesteddialogue．ThesymboIs”U，，and  

“S”eana・u＄erutteranCe／actionandasupportsystemresponse，reSPeCtively・Thenumbers  

fo1lowlngthesymboIsareserialnumbers．   

（DialogueexampleNo．1：Dialoguewithatypicaldialoguepattern）   

V20：メッセージ3を移すにはどうしたらいいんですか   

（WhatshouldIdotomovemessage“3”？）  

S21：はじめに、メッセージ3を選択して下さい。   

（First，Selectmessage“3．”）  

U22‥［Message“3”wasselected．］  

S23：次に、移動先となるフォルダを選択して下さい。   

（Next，Selectthedestinationfo1der．）  

U24：【Fblder“myfo1der，，wasselected．］  

S25：次に、「メッセージ」メニューの「メッセージの移動」を実行して下さい。   

（Ⅳext，eXeC甘tethe“MoveMessage”commandonthe“Message”menu．）  

U26：［The“MoveMessage，，commandwasexecuted．］  

S27：最後に、「フォルダ目次」メニューの「変更の実行」を実行して下さい。   

（Finally，eXeCutethe“Com＝mitChanges”commandonthe“TableOfContents”menu・）  

U28：【The“CommitChangeS”commandwasexecuted．］  

TheuserutteranceU20istransformedintoaⅨanji＋KanamixedsentencebytheSpeech  
Recognition module，and then the sentenceis transformed by the NLP moduleinto the CI  

descriptiorL：  

（ask－how＃（MoveMessage＃Ⅹ123EH56〉），   

Wherethe＃〈MoveMessage＃Ⅹ123EⅡ56）istheutterancepropositionwhichhasthestruCture  
ShowninFig・5・3（a），the“ask－how，，istheCItypewhichrepresentsthattheuserisasking  

theprocedures ofanoperation．This CIdescriptionispassed tothe DP module．The DP  

modulecheckstheCItypeintheCIdescriptionpassedfromtheNLPmodule，andexecutesa  
process且owforthe以a＄k－how乃showninFig■4・2・BynodesNo・3andNo・4intheprocess  
且owlaCurrentPlanisgeneratedtomovemessage以3nintoanOtherfolder・BynodeNo・6，a  

responsedescriptionisgenera・tedtoinstruCttheusertoselectmessage以3，乃andisthenpassed  

totheResponseGenerationmodule・TheResponseGenerationmodulegeneratestheresponse  
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＃＜MoveMessage＃Ⅹ123EH56＞  

targetslotvalueis＃くMessage＃Xl14EA90＞  

（a）Anacdon舟amerePreSentingtheactofmovingmessage’’3－l．  

＃＜Message＃Ⅹ114EA90＞  

nameSlotvalueis‖3‖  

仲）An0叫ect舟amerepresentingmessage‖3一一．  

Figure5．3Fhmesrepresentinganactionandanobject．   

SentenCeS21fromtheresponsedescription．SincetheusercorrectlyperformedtheinstruCtionas  

ShowrLinU22，thesubplanbywhichtheinstruCtionwasgeneratedisremoved丘omthecu．rrent  

plan．ThennodesNo．5，No．6andNo．7areexecutedrepeatedlyuntilmessage“3”ismoved  

intoanotherfo1der．  

Thesecondexampleisanesteddialogue．Supposethatthenesteddialogueisproduced  

j11StafterS21indialog11eeXamPleNo．1．Notethat，ina8POkensentence，thewordsinparen－  

thesismeanthefi11erwhichwasomitted，andwerenotactuallyuttered．   

（DialogueexampleNo・2：Nesteddialogue）   

U21－1‥えっとどうやって（メッセージ3を）選択するんですか  

（Wbll，howdoIselect（message“3”）？）  

S21－2：メッセージ3の行の上にマウスカーソルを置き、マウスボタンを押して下さい。  

（Putthemousecursoronthelinecorrespondingtomessage“3，”andthenpushthe  

moⅦSeb雨ton・）  

U21－3：［Message“3”wasselected．］  

S23：次に、移動先となるフォルダを選択して下さい。   

（Next，Selectthedestinationfo1der．）  

FbrS21）theusersaidU21－1・Thesupportsystemstops”COntrOllingthecurrentdialogue  
WhentheuserutteranceU21－1islnputted？andexecutesaprocess丑owforthenesteddialogue  
initiatedbyU21－1・Thisnesteddialog11eisconcludediftheuserdoestheactiontJ2l－3．Since  

thea・CtionU21－3isequaltoU22，thesystemresponseS23ispresentedasthenextinstruCtion．  

Here，yOufindthatthephrase“メッセージ3を（message“3”）”wassuppliedasthedirectobject  

Oftheverb‘‘選択する（select）”inU21－1becausethetaskgoalwa＄tOmOVemeSSage“3”．  

Thelastexampleisadialog11eWhichhasashortsentence＆agment．   

（DialogueexampleNo・3：Dialoguecontainingashortsentencefragment）   

V30：メッセージ3を選択したらいいんですか   

（ShouldIselectmessage“3”？）  

S31：何をしたいんですか？   

（Whatdoyouwanttodo？）  

54   



U32：メッセージの移動   

（Tbmoveamessage・）  

S21：はじめに、メッセージ3を選択して下さい。   

（First，Selectmessage“3・”）  

Afterthe userutteranceU30was transformedintoaXanji－Kanamixed serLtenCe by  
theSpeechRecognitionmodule）thesentenceistransformedbytheNLPmod111eintotheCI  

description：  

（ask－if：OK＃（SelectMessage＃Ⅹ107EG21〉）・  

ThisCIdescriptionispassedtotheDPmodule．AprocessflowfortheCItype“ask－if：0Ⅹ”  

wasdesignedtoaskaquestionlikeS31iftheusersaidanutterancelikeU30inthesituation  

whentheuser，staskplanwasunknown．Iftheuserrespondswithasentence正agmentlike  

U32forS31，U32isinterpretedasthesentence“メッセージを華勤したい（IwanttOmOVea  

message．）”．Thatis，theprocessAowfor“ask－if：0Ⅸ”finishesprocessing，andthentheprocess  

丑owfor“have－gOal”startsprocesslng・   

5．5 Conclusion   

Inthissection，theexperimentalusersupportsystemwasshown．Themainmodules，theNLP  

andDPmodules，Ofthesupportsystemweredevelopedbasedontheanalysesofrealadvisory  

dialog－1edata・Thesupportsystemhasthefo1lowlng鮎atures・   

（1）ThetargetofsupportisXMIIwithavisualinterface，ratherthanwithacomma・ndinteト  

face．Inavisualinterface，tIleCOmmandsareexecutedmainlybymouseoperations．  

（2）Thesupportsystemrecognizestheuser，sspeechwhichwasinputtedbyamicrophone，and  

COnStruCtSaCIdescriptionwhichdescribestheuser，scommunicativeintention［6］［7］．  

（3）Anappropriatesystemresponseisgeneratedusingtheresponsegenerationrulesprcpared  
foreachCItype．Theru1esachievetheknow－howwhichtheconsultantemployedinorder  

toe鮎ctivelytLSethestateofXMIIandtheeventhistoryof－1SerXMⅡopera・tions【13］［14］．  

（4）ThesupportsystemcontroIsandmanagesdialogueswithauser・Eveniftheuserproduces  
asubdialogue，thesupportsystemcanrestarttheoriginaldialogueafterthes11bdialogue   

isconclⅦded【15】【16】・  

The＄uPPOrtSyStemCanmanageandcontroldialogueswitha11Ser，SOthatitcanguide  

the11SertOhistaskgoalseveniftheuserproducesas11bdialogueordoesmisoperations．  

Wb areconsideringevalua，tingtheexperimentalusersupport system．First，What are  

evaluatedarLdhowtheyareevaluatedshouldbedisc11SSed．  

The CIrecognitionmethod developedinSection3dealsonlywithasimplesentence  

and acomplexsentencewith atmostoneperformativeverb．Thisis d11e tOtheinsll侃cient  

8peCi負cationsfortheutterancepropositionconstruCtionstage．Thenextobjectiveistoextend  

the stage so as to dealwith a complex sentence with two or more performative verbs．A  
methodshouldbedevelopedtoautomatical1yremoveormodifysuchlinguisticpheI10menaaS  
interjections，COrreCtions，hesitations，ParaPhrases，andinversions．  

Now，themodalityinformationisextractedfromaspokensentencetodeterminethe  
CItypeofthesentence・General1y，however，unCertainty，regret，impatience，OrOtherdelicate  

attitudescanbeextractedfromaspokensentence・Amethodforextractingthesekind＄Of  
informationandamethodfore蝕ctivelyuslngthemisalsoournexttarget・                                                                                                                    ●  
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The support system canprovideonlypassivesupport．This means that the s11PPOrt  

SyStem Only responds to the user question．Ⅱowever，in the experimentsfor collecting the  

dialogues，aCtivesupport【18］by ahuman cons111tantwasobserved．Suchactivesupportis  

anOthertargetoffuturework．  

Thesupportsystemhasamultimediainterfacewhichenablesthespeechinput，keyboard  

lnPut，andmo11Seinput・Amultimodalinterfacewhichenablesaninputbypointinggesture  

alsobecomesthenexttarget．  

Nagaoetal・aredoingexperimentsinwhichthementalbarrieroccurrlnglnadialogue  
Withamachineisreducedbypresentingfacialdisplays［19］．Thisisaveryimportantapproach  

andhasbecomeoneoutoffuturework．  
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6． Conclusions   

Thissectionisaconcl≠Sionofthepres占nt article，andcontainstheauthor，splansforfuture  
work．  

6．1 Conclusions ofthe Present Article  

Adialogue－based11SerSuPPOrtSyStemisbeingdevelopedthatplaystheroleofalmmanconsul－  
tant［1】【2】・ThesupportsystemprovidessupporttoXMⅡusersthroughspokendialogue．XMⅡ，  
anX－Window－basedelectronicmai1handlingprogram）hasavisualinterfaceoperatedmainlyby  
llSlngamO†Se：allXMHcommandfunctionsareimplementedthroughmouse－COntrO11edpul1－  
downmenuSandcommandbuttons・Ausertypical1yoperatesXMIIthroughamouse．When  

auserencounterstroublewhileperformlng ataSk，hecanverballyaskthesupportsystemfor  

help・Thesupportsystemunderstandsuserspeech，andgivesresponsesappropriatetothestate  

OfXMⅡa・ndtheeventhistoryderivedffomⅦSerXMⅡoperations．  

Whenthesupportsystemtalkswithauserinordertoassisthimwiththe11SeOfXMⅡ，  

itreq111reSatleasttwokindsofmethods：Onefor11nderstandinga－1Ser）sspeech，andonefor  

COntrOllirLgandmanaJglngdialogueswith a・uSer．Inthisarticle，eaChmethodwasdeveloped  

basedonananalysisofrealadvisorydialoguedata．Fbrthispurpose，first，datatobeanaly2；ed  

Wa＄COllected．Then，eaCh methodwas developed，andfinal1yan experimentaltlSer＄uPPOrt  

SyStemWaSCOnStruCted11Slngthemethods．Conclusionsforeachsectioninthepresentarticle  

areglVenbelow・  

Section2presentedthatana，dvisorydialogueda，tabasewasconstruCted丘omthedialogtLe  

datacollectedintheXMⅡusageexperiments［3］［4］・ThisdialoguedatabaseOntainsadvisory  
dialoguesbetween42ⅩMⅡusersandahumanconsultaJnt，andhasthefo1lowlngfourfeatures・   

（1）Thedialoguedatabasecontainsthespontaneousadvisorydialogues，Whi血areessential1y  

goal－Oriented．  

（2）Theadvisorydialoguesconsistofuserspokensentences，uSerXMⅡoperations，andcon－  

Sultantresponses．A“spokensentence”isonetranscribed企omanutteranCe，an“ⅩMⅡ  

OPeration”iseitheramouseoperationorakeyoperation，WhichisextractedfromXMII  

astextdata，anda“consultantresponse”isaXanji－ⅩanamiⅩedsentencewithwhichthe  

COnSultantrespondedintheXMⅡusageexperiments，reSPeCtively・  

（3）Theuserspokensentences，aSWe11astheuser，sspeech，haNeth号Characteristicsofsponta－  

neousspeech：1inguisticphenomenasucha＄interjections，rePalrS，hesitations，ParaPhrases，  

ellipses，andinversions．  

（4）ThedialoguedatabaseisaNai1abletopeopleonlyforacademicuses・  

Thedialoguedatabaseisaverye鮎ctivesourcefordevelopingnewspoken－1anguagePrO－  
cesslngmetIlOds，andwasinfactusedtodeveloptheCIrecognitionmethoddescribedinSection ●  
3andthedialogueprocesslngmethoddescribedinSection4・  

Section3uses11SerlltteranCedata obtainedfromthe dialog11edatabasedescribedin  
Section2，Which consistsof475spoken sentences；298sentencesoftheutterancedatawere  
analyzed・Basedontheanalysis，adescriptionformofuser 

． 

recognitionmethodwasdevelopedtoconstmctaCIdescription企omaspokensentence【5］［6］・  
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ACIdescriptionisasemanticstructureforrepresentingCI†Whichauser・utteranCehasIand  
COnSistsofaCItypeanda．n11tteranCePrOPOSition．  

ThefocusofthissectionwasamethodfordetermlnlngtheCItypeofaspokensentence・  
Theremalrung177sentencesoftheutterancedatawereusedtoevaluatethismethod・According ●●  
totheexperimentsdonefbrevaluatingthemethod，themethodisaccurateforallofthelearned  

da・ta（298sentences）andfor89・3％oftheunlearneddata（177sentences）・  
TheCIrecognitionmethodmentionedabovewasimplementedintothesupportsystem  

astheNat11ralLang11a・geProcesslngmOdule．  

h Section4，thedialoguedatawasobtained丘omthedialoguedatabasedescribedin  

Section2，and，basedonananalysisofthedialoguedata，adialogueprocesslngmethod was ●  

developedtocontrolandmanageadvisorydialogueswithanXMⅡuser［7】【8］．ThismethodhaB  

thefo1lowlngfeat11reS．   

（1）Notonly11SerutteranCeSandconsultantresponses，butalso11SerOPerationsaremanaged  

asdialogueelements・Consequently，thedialogueprocesslngmethodcandetect11Sermis－  

OPeration，informtheuserofthefact，andsuggestanappropriaterecoverymethod．  

（2）Advisorydialogueswithauseraremanagedwhichmayhaveoneormorenesteddialogues，  

WhereaJneSteddialogueisde且nedasasequenceofdialogueelementsatthesamedepth．  

（3）Advisorydialoguesarecontro11edsotha，tauSerCanaChievehistaskgoale鮎ctively．  

Theknow－howofresponsegenerationthatthehumanconsultantemployedtohelpthe  

userswasformalizedastheresponsegenerationrules【9］［10］．Theserulesweredesignedforeach  

CItype，andwereachievedbya“process且ow”preparedfortheCItypeasanalgorithm．The  

PrOCeSS丑owisamechanismforcontrollingadialogueinitiatedbyauserutterancewiththeCI  
type，WhichwasdevelopedinSection4．  

Thedialogueprocesslngmethodmentionedabovewasimplementedintothesupport  

SyStemaStheDialogueProcesslngmOdule．  

hSection5，aneXPerimentalusersupportsystem［1］［2］wasconstructedonthebasisof  

themethodsdevelopedinSections3and4．  

Thiss11PPOrtSyStemCOnSistsmainlyoftheSpeechRecognitionmodule，Nat11ralLan－  

guageProcessing（NLP）module，DialogueWbrldmodel，ⅩMIIsimulator，DialogueProcessing  

（DP）module，andResponseGenerationmodule．ThisarticledescribestheNLPandDPmod－  

ulesindetailIbecausethemodulescorrespondtotheCIrecognitionmethoddevelopedinScction  

3andthedialog11ePrOCeSSlngmethoddevelopedinSection4，reSPeCtively．  

Three examplesofdialogues between thesupportsystemand asimulateduserwere  

PreSentedinordertohigh1ightthedialoguefacultyofthesupportsystem．Theywereatypical  

a・dvisorydialogue）aSubdialogueinterruptingthetypicaladvisorydialogue，andan advisory  

dialoguecontaininga｝Shortsentencefragment・   

6．2 The AuthorIs Plans fbr FutureVVbrk  

Thesupportsystemdescribedinthisarticleprovidesonlypassivesupporttousers．Thismeans  
thatthesupportsystemonlyrespondstouserspeech・However，intheexperimentsmadefor  

COllectingtheadvisorydialogues，aCtivesupport［11］byalmmanconsultantwasalsoobserved．  

Developmentofsuchactivesupportisonegoaloffuturework・  
Thesupportsystemhasamultimediainterfacewhichallowsforspeechinput，keyboard  

lnPut，andmouselnPut・Ⅱowever）intwo－Waydialoguesbetweenpeople）bodylmguageand  
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gesturearealso丘equentlyused）andconstituteanefFbctiveinteractionmethod・Pointingges－  
turesusedwithdemonstrativesareespecial1yusefu1inanadvisoryenvironment・Consequently，  
amultimodalinterfacewhidlaCCePtSaJPOintinggesturewillalsobeonefocusofwork・  

Nagaoetal・aredoingexperimentsinwhichthementalbarrieroccurringlnadialogue  
withamachineisloweredbypresentingfacialdisplays【12］．Thisisaveryimportant tOthe  

developmentofauser－ffiendlysystem，andhasbeentargettedforfutureresearch・  

Since tIledialoglledatabasedescribedin Section2consistsoftext data，it would be  
veryllSefultoalsodevelopspoken－1anguagePrOCeSSlngmethods・Similarly，SPeeChdataisa・n  

e鮎ctivesourcefordeveloplngneWSPeeChprocesslngmethods．Intheexperiments，uSerSPeeCh  
waBreCOrdedonvideotapes．C11rrently，WeareCOnSideringthespecificationsofaspeechdatabase  
tobeconstruCtedatalaterdate．  

Thesupportsystemcanonlydealwithasimplesentenceandacomplexsentencecon－  
taininga・tmOStOnePerformativeverb・Thisisduetotheinsu侃cientspecificationsoftheNLP  
module．TherLeXtObjectiveistoextendtheNLPmodulesotha．tthesupportsystemcandeal  
withacomplexsentencecontainingtwoormoreperformativeverbs・  

Spontaneousspeechoftencontainssuchlinguisticphenomenaasinterjections，rePairs，  

hesitations，ParaPhrases，ellipsesIandinversions）andis abundant with demonstratives and  
anaphoricexpressiorLS．TheseareproblemstobesoIvedbytheNLPmodule・  
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G3 伊藤昭，樋口英幸，海老名毅，熊本忠彦：  
時間概念を持つフレーム表現の試み，  

日本ソフトウェア科学会第8回大会論文集，No．B3－2，pp．237－240（1991）・  
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G4 熊本忠彦，伊藤昭：  

自然言語質問応答システムのための発話意図の表現，  

平成3年電気関係学会関西支部連合大会，No．G8－30，P．G257（November3，1991）・  

熊本忠彦  G5 伊藤昭，海老名毅，   
対話型計算機利用支援システムにおけるユーザ対話の解析，  

人工知能学会第6回全国大会，No．17－2，pp．619－622（June1992）・  

G6 伊藤昭，海老名毅，  熊本忠彦：  

対話型計算機利用支援における対話戦略，  

情報処理学会第45回全国大会，No．3F－03，pp．3－147－3－148（March1992）・  

G7 熊本忠彦，伊藤昭，海老名毅：  
対話型計算機利用支援システムにおける音声理解について，  

平成4年電気関係学会関西支部連合大会，No．G8－10，P．G268（November1992）・  

熊本忠彦：  G8 伊藤昭，   

循環的な概念定義を含むフレーム表現の意味論，  

日本ソフトウェア科学会第10回大会論文集，No．C2－2，PP．273－276（June1993）．  

G9 熊本忠彦，伊藤昭，海老名毅：  

電子メール処理プログラム（ⅩMH）利用支援システムの試作，  

人工知能学会第7回全国大会，No．20－3，pP．555－558（July1993）・  

GlO 熊本忠彦，伊藤昭，海老名毅：  

命題情報とモダリティ情報の個別抽出に基づく文解析手法の提案，  
情報処理学会第49回全国大会，No．4G－7，PP．167－168（September1994）・  

以上  

【H］．商業雑誌（CommentsinCommercialJournals）   

Ⅱ1TadahikoW，AkiraITOandTsuyoshiEBINA‥  

RecogruzlngUserCommunicativehtentioninaI）ialogue：BasedConsultantSystem ■●  
－AStatisticalApproachBa＄edontheAnalysisofSpokenJapaneseSentences－，  

SystemsandComputersinJapan，Vbl．25，No．14，PP．91－105（December1994）・   

Ⅱ2 恥andAkiraITO：  
AnAnalysisofUser－CorLSultantDialoguesaJndItsApplicationtoDialogueProcesslngln  
aDialogue－BasedConsultantSystem，  

SystemsandComputersinJapan，Vbl．26，No．3，PP．103－114（March1995）・  

以上  
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3．その他（Other）   

【Ⅹ】．査読付き機関誌（RefereedPapersinCRL）  

Ⅹ1叫，AkiraITOandTsuyoshiEBINA：  

DesignandDevelopmentofaDialogue－BasedConsultantSystemforSupportingtheUse  
OfElectronicMai1，   

JournaloftheCRL，Vbl．42，No．2，pP．161－171（July1995）・   

Ⅹ2 TadahiknⅨVMAMOTO，AkiraITOandTsuyoshiEBINA：  

CommunicativeIntentionRecognitioninaDialogue－BasedConsultantSystem  
－AStatisticalApproachBasedontheAnalysisofSpokenJapaneseSentences－，   

JournaloftheCRL，Vbl．42，No．2，PP．181－198（July1995）・  

以上  

【Y］．査読なし機関誌（TbchnicalReportsinCRL）  

Yl伊藤昭，樋口英幸，海老名毅，熊本忠彦：  

人と計算機の対話によるユーザ支援，  

通信総合研究所第80回研究発表会予稿，pp．37－46（May29，1991）・  

Y2 熊本忠彦  
対話型計算機利用支援システム  

一対許で利用者を支援する－，  
CRI一ニュース，No．194，pp・1－3（M叩1992）・  

Y3 熊本忠彦，伊藤昭，海老名毅：  

電子メール利用支援システム  

ーマルチメディア対話による利用者の支援－，  

通信総合研究所第87回研究発表会予稿，No．4，pp・36－43（Novemもer30，1994）・  

以上  
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