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Studies on

QualitativeInterpretationof
Inaccurate Data＊

QiZhao

Abstract

hthisdisserta．tion，Iaddressthefollowingfourissuesofartificialintel－

hgence：（1）quahtativeinterpreta・tionofinaccuratedata，（2）possibilityprop－

agationaJLduncertainreasomig，（3）constraintsatisfactiomproblems，and（4）
knowledge－basedsystem＄．First，Iprescnta．novelmethodfbrinterpretinginaL・

curatedata．bytLSmgqualitativecorrchtionsamongrelateddataaBCOnfirnatory

ordiscon丘mnatory evidence．Second，Ipresent a．novelmethodforreaBOning

ⅦnderⅦn00れ由n吋by既tr∝ting弧dpropaga血gqⅥ誠ね厄vecorrektionsamong

hypotheses．Third，Ipresentapracticalmethodforsolvingconstraintsatis－

fadionproblems，indtldingaAe侃cientpattern－drivenalgorithnforgenera・ting

initial紺1utionsandanOVerlap－redtlCeheuristicforrepairingtheinitialsolution8・

Finally，Iintroducea．knowledge－baBedsystemforin血aredspectruminterpretar

tion．Theabovethreemethodsa代al1sllCCeSS如Ilyapplicdtothesystem，and

theinplementationofthesystenindicaiesthatitissigniRcaAtlybetterthan

my8im血sy雨ems．

Ⅹeyword5：

QualitaLtive Correlations，Support Coe缶cient FtlnCtion，haccuraqHandling，

Possibility’Propaga．tiotl，UncertainReasomig，Knowledge－BasedSystems，So一

山ionG蝕e相加gandR印血j皿g，Cons止血ntS血tionProblem

■DoctoralDissertation，DepartmentofhfomationProcessing，GraduateSchoolofhfor－

m誠ionSdencちⅣ肌b班毎也正Sd紙代弧dTe血olo訂，ⅣABで一Ⅰ㌻Ⅸ相聞10吸，D∝・19鮎・
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Pre払ce

Manyproblemsofarti丘cialintelligence（AI）aJeSOIvedbyanalyzinginputdata．

However，Wheninputdata，areinaccurate，analyzingthembecomesverydi伍cult，

andmaynotleadtoanyuSefu1conclusion．Therefore，interpretinglnaCC11rate

data・tOdeterminewha・ttheymeanOrWha・ttheyshouldbehaBlongbeenregaRded

asasignificantanddi凪cultprobleminAI・

Mea・nWhile，inpracticalproblems，eSPeCiallyinda・tarichproblemssuchas

diagnosisandsignalprocesslng，lnputdaiaaJCO氏eninaccura・te・OnereaBOni5

thatthemeasurl■ngandenterlngmethodsareerror－PrOne，andtheotheristha＾

therealdataaJenOtnOise－free．Asama・tterOfhct，interpretinglnaCC一ユra・tedata

isanunavoida．bleprobleminmanya，pPlicationsofAI，

In this dis＄ertation，Ipresent q11alitative methodsforinterpretinglnaCCu－

raieda．ta．Themethod＄COn8iderqualitativedependenciesa．mongda．ta．，Cal1ed

q11alitativecorrelation8amOngrelateddata，aBCOnfimatoryordiscon鮎ma．tory

evidenceofinterpretinglna£Cura・tedata．．

First，Iintrod11Ceanddisc－1SSthedefinitionsofrelateddata．a・ndq11alitative

COrrelations amo皿g rela，ted da，ta．Then，Ip11tforward a．new concept called

SuPpOrtCOe瓜cientfunction（SCF）．SCFcanbcu＄edtoextract，repreSent，a，nd

Cdc山扇eq11a山ativecorrelationsamongrelateddata・Witbinadata朗t・

Ipropo8eanaPPrOaChtocalculatingshiftintervalsofinaccurateda，taWhich，

baBedonSCF，dynamical1ydetermineshowinaccurateaninacc11ratedataitem

isallowedtobe．Then，IproposeanapprOaChtocalc111atingpossibilityofiden－

ti＆ingi皿aCCllra，tedatainthedynamicshiftintervals．

Onthebasisoftheabovetwoa．pproa．che8，Ipresentanovelmethodforin－

terpretinglna．CCuratedata．bycon＄ideringq11alita・tivecorrelationsamongrelated

da．taaBCOn鮎matoryordiscon五matoryevidezICe・

Then，Iextendthemethodtoawiderscopetopropa，gatequalita＾ivecorrelar・

tionsamonghypothesesasconfirmatoryordisconfirmatoryevidenceforuncer－

tainreaBOnulg．Ipresenta．methodforextracting，rePreSentingandpropagating

V
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qualitativecorrelationsamonghypothe5eSaBCOnfirmatoryordisconfirnatoryev－

idencetoupda・tethepossibilitiesofhypotheses．Thefunctionofthemethodis

Simila・rtOtheprobabilitypropagationonBavesiannetworks・Butcomparedwith

traditionalmethodsforprobabilitypropagatiozl，themethodhaBthefo1lowing

advantages‥（1）itcanbeappliedtotheproblemswhereevidenceisnotexplicitly

given；（2）fewnumbersandassumptionsneedtobeprovidedbydomainexpert5

hadva・nCe；andconsequently，（3）theknowledgeacqui＄itionissimple，andthe

inconsistencyinkn0wiedgeba占e？CanbeaNOided・

IhaNeappliedthemethodstoinfraredspectruminterpretation，andhave

thorough1ytestedthemethodsagainstaboutthreehundredrealspectra．．The
experimentalresultsshowthatthemethodsaJeSigzli丘cantlybetterthanthe

COnVentionalonesusedinmanySimi1aJSyStemS．Thi＄dissertationalsodescribes

theimplementa・tionofthemethodsandtheexperiments．

Inthisdissertation，Ⅰalsopresent aknowledge－basedsystemforinfrared

SpeCtruminterpretation．TheByStememploysthea．bovetwomethodstohandle

imaccuraJCyOfinfraredspectraldata・Sincehandlinginaccuratedataisonlyone

issueofinfra・redspectruminterpreta・tion，IizltrOducetheotherissuesofinfta．red

SPeCtruminterpretation，a・ndgivetheoveral1pictureofthesystem．

First，Idiscusstheprimciplea・ndproces80finftaredspectruminterpretar

tion，andproposea・knowledgemodelforintegratingqualitativerea50nlngand
qua・ntitativeanalysiB・Then）Iintroducethedesignanddevelopment ofthe

knowledge－basedsystemlandpresenttheaqchite血reandworkizlgPrOCeSSOf
紘esystem．

In・addition7ⅠalsopresentanewmethodforsoIvingconstraintsatiぬction

problemsinthisdisserta・tion・Iproposeane侃cientpattern－drivenalgorithm

forgeneratinginitialsolutions）a・ndanoverlap－reduceheuristicforrepairingthe

initial＄01utions・Themethod・i8initiallydevelopedforsolvingtheconstraint

Sa・tishctionproblemsinin血aredspectruminterpreta・tion，butitisapplicableto

aclassof8imilarproblems．
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和代gyCゆpgedゐyuれCerねぬ砂αれdタeれer8勒mαれαタet〟助meαタer

抑叩頭血糊か肌W∽．

一夕αug月．Coんeγl

Interpretinginaccuratedatacazlberegardedasaspecialproblemofcoplngwith

uncertainty・TheproblemhaBlongbeena・Slgni丘caAtanddi伍c111tproblemin

artificialintelligence（AI）・SizICethebcginningofAI，reSea・rChershawebeentrying

Variousmethodstodealwiththeproblem．

1．1　SignificanceoftheResearch

In dai1ylife，there a．remanyuncerもaintiesca．used byinaccuracy．Peoplemay

PrOnOunCeSOmeWOrdsimproperlyintheirBPeeCh，Ormakesomespellingmi5－
takesintb壷writing．∬tbemistakesarenotveⅣSerions，tbeycanⅦSuauybe
Ⅶnder5tOOd，andca115enOCOnfusion．

Thea．bilityofinterpretingand11Zlderstandi皿gminorinaccuratedataorphe－

nomenai＄animportantfeatureofhumaninte皿igezICe．

Insciencea皿dengineerlngprOblems，t量IeunCertaintiescausedbyinacc11rate

dataaTemOreCOmmOnanduzLaVOida．blesincefewproblenscazlprOVidecom－

Pletelyaccura＾edatatCohen・1984＆1987］・Therea50nSOfhavingina？Curate
datainvoIvedarevarious．Onemainreasoni8thatthemethodsofmeasunngand

l



2 CEAPT月見ユ．mO工〉UmOⅣ

enteringdataaReemr－prOneSOmetines・Forexanple，apatient，stemperature

mavbeinaccuratelymeasuredorenteredIandasignaloranexperimentaldaia

itemmaybeinaLmtelyobservedorrecorded．Theotherreasonisthatthereal
dataarenotnoise－freeinsomecaBeS・Forexanple，amOngtheIeCeivedsatelhte

S卸壷，th餌em叩h∽menO如m奴d叩，弧dwhatiswor紀，i出ね代d叩ed丑山

da・ta（peaks）themselvesmaubenoisy，i・e・，SOmepeaksmaybea鮎edbynoise
OrOtherfictorsfColthup，Daly，＆Wiberley，199鞘Oppenheim＆Naw止，1992】，
Theabilityofinterpretingandunderstandinginaccuratedatapl叩Sanim－
POrtantrOleinsolvingcomplexscienceanden由neenngproblems．

AIreseaJChershaⅣelongviewedtheproblemofinterpretingmaccuratedata，

asasigniRcaJLtanddiiRcultproblem，andhaNebeenaltemptin畠tointegratethe

htlmanizltClligezICeintocomputersystems【Kuipers，1988］［Zadeh，19787．

hmanyproblemsofAIIinferencesaredrawnOnthebasisofinterpretation

OranalysisofmeaBureddata・［deKleer＆WillianS，1987］【Sacks，1991］．However，

Whenmeasuredda・taareinaRCurateIinterpreting・Oranalyzingthemisverydim－

Cult・Indiagnosi50r5ignalanalysis，forexample，thegeneralreasomigmethod
iBtOCOmpanemea引∬eddatawithreftrencevalues［Reiter，1987］［Shortliffe＆

Buchanan，1975］rVbscovi＆Robles，1992】，Whenmeasureddata．arenotam－

ra・teduetonoiseorotherunforeseenreaBOnS）thecompansonbetweenneasured

da・taandreferencevaluesmaynotleadtoanyusefulconclusion．Arulelike

“ゲ仇∽ねα呵那加玩β〃βm‾1一乱川りcm‾10乃娩e叫ねrd乎eCれm扉

‾血乃u血肌00叩P仇mdJ伽乃伽∽加…C卯呵，㈹扇肌yC∽ねわαfJeα虎∽e

benzene－rind’mayworkinidealcaBe＄（here“strond，and“3000cm－1－

Cm－1”a代reftrencevalue8，aAd“iゆαred乎eCtrumqFunknowncompoun8，isa．

measureddataBet）・However，therulecannotworkingeneralcases．Forex－

ample，WhenthespectraldataaJeizmte，e・g・，themeasuredpeakin3000
m－1－3100cm－1isnota・StrOngPeakbutamediumone，OrameaBuredstrong
peakisnotexactlylocatedin3000cm－1－3100c7n－1butshiftsslightly，theru1e
maynotbea．pplied．

hthepastdecadesImanymethodshavebeenproposedtodealwith七he

problem・FuzzyloglCprOvidesamathematical鮎meworkforrepfeSentationa皿d

dc山誠onofim粕川ぷ血＝ねta【Z出血，1978＆19叫By肋ylo由C，托知蝕Ce
Value〇oisaBSOCiatedwithahuyinterval△＝．Ifa．measureddataitem臨鮎

into［〇0－△x，Co＋△〇】，thenitcanbeinterpretedasthereferencevaluewitha，

COrre8POndingmembershipdegree・Probabilitytheoryandpossibilitytheoryare

aLsowidelyu8edforhandlinginaccuracya皿dtlnCertAmty［Dempster，1968］Puda，

Hart，＆Nnsson，1976］［PeaJl，1988］［Shafh，1976］．hmanypracticalsystems，

Whenstatistical8a皿Plesamins濾cientorabsent，Subjectivestatement8are
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usedto taketheplaceofstatisticsofinaccuratedataoruncertainevidence，

BuChaBCertaintyfktorBinMYCIN【Shortli鮎，1976］，andpriorprobab揖tiesin

PROSPECTORPuda，andetal，1977］・Thea・bovemethod8areCOmmOnlyused

inAIsystems．Thewayofapplyizlgthem，however，dependsonthezlalureof

domainproblemsIandthereisnptyetastaDdardandgenerallyacceptedmethod
thⅦShr．

Duetothedi伍cultyofinterpreti皿ginaccurated叫manyAIsystemssuppose

thatal1inputdatahavebeenfomalized，andarea∝urate，thenmakeinftrence

basedontheprecondition［Kawチta，andetal，1987］P401doveanu＆Rapson，
1987］・However，thepreconditionlSnOttenabletonon－tOyOrnOn－eXperimental

problems．、

1．2　Motivations

IbeganmyresearchoninterpretinglnaCCura．tedataaround1984whenIde－

Velopedanexperimentalnatural1anguageinter払cefora，rOadinquiringsystem

【Zhao71984】・ThefunctionofthesystemTaStOautOmatical1yprovideinfornar
tiona・bouttheroads，tra侃candmainscenlCSpOtSOf】〕euingCity．Theinterhce

WaBdevelopedtoenableuserstoinp11ttheirhquiriesbyusinglimitedwordsand

光ntenCeS，犯Cha占：

肋わ喝扇gJi吉ね加ゎmA f8Bダ　or

伽ね∫かee≠Cわcαfdダ

Becauseuserssometimesmademistakeswhentheyenteredinqumes，e

eial1ywhentheyenteredtheaddressesorbuildingnames，theinter血：eneeded
tocheckitsdictionaryfirsttodetectwrongentrazICeS．Doingthatwas：nOtdiB

五cultsincethedictionarywasverylimited．However，hquentlytel血gusers

thattheirmqumeswereinvalidandthattheirinquiriesneededtobeentered

againmadetbeuseoftIleinterfaceandthesystemveryboring，eSPeCial1ywhen

usersonlyhadoneortwoletterstypedwrong．AsaJla，ttempt，Itriedtohter－
pretunmatchedstringsbasedonhowmanyletter8inthestringwerematched

andhowmanyletterswerenot．Forexample，S11pPO紙theenteredstringwaLS

Wan9h4in9Sqjie．hthedictionary，therewasnostringasT47anah4in9S吻but
therewasaveryclosestringaB Wan励dqiie．Becanse140utOf151etters
in thetwostringswerethesame（i・e．，thepatchingrateisabout93％），the
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inte血ceinterpretedT4bn鼠軸in9SqiieaBWan血in9dqiiebyassuTingthatlet－
terSCamefronletterdduetousers’inaccuraie（impモOper）typlng・Inthese

CaBeS）theinteぬcefirstremindedllSerSOfthewrongtyplng，thenwentaheadto
answeruser’slnquiries・OnlywhcntheinterfaJCemadeanimterpretationforan

unma・tChedst血gbutthematchingra・teWaS．nOthigh，Oritcouldnotmakeany

interpretationata11）uSerSWererequiredtoentertheirnquiriesagain・Althotlgh

themethodforprocesミingimaccurate（improper）dataintheinterfacewa5Very
Simple？itsignificantlylmPrOVedtheuseoftheinte血ce．

La・terinalmost everysystemIdeveloped，Imetthesimi1aruncertainties
Ca・uSedbyinaccura・teda・ta，althoughtheinaccuratedataappearedinvaJious

Forexa・mple・indevelopingthekn0wiedge－ba5edsystemfbrgeneralcargo
StOWa・ge，Imetmanyinaccurateda・ta・andphenomena［Zhao，1986a］［Zhao＆

Lin，1987＆1988］，Thesystemcazlbebrieflydescribedasfo1low．

蝕e乃伽c叩αC軸α乃dgゐ呼eげ＝極加呵α乃dgねe乃αぬねん毎

夕e乃erαJcα叩Oe∫ひ鵡兢e盲rひ吻如β，VO～むmeち血peちpαCた吻わmβ

α循dβわびαタeγe9旭志柁me乃ね，亡んeざyざねmβ加wJdmαたegねwαタepねれ∂ね

p和pe巾α汀αれダeαgJcα巧Oeβれ娩egんわゐogd．

Oneofthedi思川lttaBksofthe8yStemWaStOdealwithinaccuratedata．

BecausecargoeswereallgeneralcargoesIthe8hapesofthemwereirregulaJ・As

a・reSult7thevolumesofcargoeswerealw叩SeStimated，andhezICeinaccllra，te．It

WaBimposBibletomeaBureCaJgOCSforaccura・teVOlumesbeforemakingstowage

Plans）SOthesygtemhadtoimitatedomainexpertstouseotherinformation，SuCh

aBWeightB，SPeCificgravities，Shapesa・ndpackingfbrmstointerpretinaccura七e

VOlumes，i．e．，tOizlfertheaccllra．teVOltlmeS．

Irealizedtwoimportant払・CtSffomdevelopizlgthesystem：

1・hterpretinglnaCCuratedataisunavoidableinsoIvingpracticalengincenng
problems；

2・Relateddatacanremedyina・CCuratedata，therefore，theycanbeusedas

evidenceofinterpretinglnaCCuratedata．．

In1991，ⅠundertookalaRgeprOjectoninfraredspectruminterpretationa，t

ASTEMResearchInstitllte［ZhaD，1991－1993］．Theobjectiveoftheprojectwa5

todevelopprogTamStOinterpretinfraTedspectraofunknowncompoundsh
Ordertoidentibrwhattheunkn0wnCOmPOundscontain，Orふhattheyare．The
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inputda鳥asetsoftheproject（i・e・，infraredspectraofllnknownCOmPOunds）were

typicalinaccurateda，taSetS．M鱒ynOi5eSWereincludedhobtainingthedataset5．

Andwha，tisworse，eVeZlifthedataBetSWerethresholdedand丘1tered，theywere

StillinaccurateinmostcaBeSbecausedatathemselves（i・e・，peaksoninfrared

SpeCtra）aGectedeachotherveryoften．Therefore，Ididm－1Chworktointerpret

仙einaccuratedatasetsto伊VeCOrreCt501ntion8．

Fromthenontillmydoctoralst11dyatNaraInstit11teOfSciencea鳳dTeclm01－

Ogy（NAIST），IhaNebe血studyingonthegeneral，eぽectiveande抗cientmethods

forinterpretinginaL：Curatedata．Thcresearchdescribedi皿thisdissertaiionis

a・botltmyWOrkthenatASTEM，andlateratNAIST・

1．3　0bjectives

Inaccuratedatameandatawhichshiftfromthecorrectvalues（orthereference

Values），Forexa，mple，ifweconsidera・WOrdaBaSetOfda・ta，thena・1ettertyped

WrOnginthewordisaninaccllratedataitem，Ontheotherhand，ifweconsider

asentenceaBa＄etOfdata，thenawordspelledwrongin thesentencei＄an

inaccura．tedata，item．

hterpretinglnaCCllratedata・i5tOfindthecorrectvalucsorthemostsuitablc

Value8fori皿aCCuratedata［Riese・1993］・Insignalprocessingorin缶aredspect！un

interpretation，forexample，interpretinglnaCCuratedataistogetthemeanlngS

Ofinaccuratesignalsorinfraredsp・eCtraldata・［Oppenheim＆Na・Wab，1992］・

naditionalmethodsforinterpretinglnaCCura．tedataa，reprimari1ybaBedozl

q11antitativeanalysis．Forexample，infuzzylogic，interpretinglnaCC11ratedatais

baBedonq11antita．tivecalcula．tionofthemembershipdegreeofaninaccuratedata

iteminahz町region【Bowen，Lai，＆Bahler，1992】【Mukaidono，Shen，＆Di喝，

1989］・Inproba・bilisticreasoning，Priorprobabilitiesorstatisticvaluesareneeded

beforehandformakinginterpretationofdatasets［Laskey＆Lehmer，1989］［Ramer

＆Lander，1991］・Incontinuou8method8，adistortionfunctionisneededto

determinethepossiblevaluesofaninaccuratedataitem【Bose＆Rajamoney，

1993］［Con801e，Friedrich，＆Dupre，1993］［Raskutti＆ZtLkerman，1991］・

However，themainproblemsofonlyusingqllantitativeanalysisad・e：

1．Q11antitativeanalysisneedsmanyI川mbersandmathematicalmodelspro－

videdbydomainexpertsinadvance．But，unfortunately，inmanyproblems，

thesenumbersa，ndmodelsaJenOtalwaysavailable．
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2・Quantita・tiveanalysisisnstlal1yverycomplex，andinsomecases，itmay
becomeintractable．

The9bjectivesoftheresearchaJeuSlngqtlalitativemethodstoe飴ctively
interpretinaccuratedata，amdapplyingthemethodstopra・Cticalproblems．

1．4　Contributions

IpresentamethodforinterpretinglnaCCura・tedata・OnthebaBisofqua止tative

COrrelationsamongrela．teddata．Themethodisba5edontheessentialconsider－

ationthatsomeda・ta・item8Withinadatasetarequalitativelydependent：aSet

Ofdatamavdescribethesamephenomenon，Orrefertothesamebehavior．For

exa・mple）apatient，stemperature，bloodpressureandothersymptomaticdata．

reflectthepatient，sdisea5eIandacoupleofpeaksonaninfraredspectrumindi－

Catethepresenceofapaxtialcomponent・Thedependencyamongdata・Within

data5etiscalled9u助¢励ecor柁Jα如乃¢mO喝rehねd血ね1．

Byco皿Sideringqualita・tivecorrelationsamongrelateddata）theconfirmatory

Ordiscon鮎ma・tOryeVidencecanbeobt血edtoizlterpretinaccuratedata．In
general）rela・teddatashouldbe＄imulta瓜eOuSlypresentorab8ent，SOifmostof

therelateddatahavebeencompletelyidentified，thesedata．wi皿enhancethe

identi魚cationoftherest・Forexample，abenzene－nngCanCreatema・nyOther

peaksbesidesthestrongpeakin3000cm－1－3100cm－1・Al1thepeakscreated

bytllebenzene－rlngarerela・teddatawhichhavequalitativecorrelatiozIS．Ifall

thepea・ksexceptthatin3000cm－1－3100cm－1haNebeencompletelyidenti－

fied，thebenzene－nng－LSquitelikelytobecozltainedbythe・unknowncompound．

Therefore，theina・CCuratepeakaround3000cm－1－3100cm－1maystillbeiden－

tified・Infact，SPeCtrOSCOpistsfrequentlyusethefouowingknowiedgeinaddition
to仏emle5由VeninSectionl．1：

〝払er℃豆ざαβ加乃タpeαた¢印加乃dタ♂ββcm‾1一見柑りcm‾1，娩e乃娩e

甲eCれmmαyむeクαr如Jgycre扇edみy♭eれZeγほ一門喝ざ一一C加cたpeαたざ

卯拘血＝郎仇m－1′JJ∂βm－1α乃d乃♂m－1一夕ββm－1ゎmα如βむ柁

ゐec仇geαあe乃ZeケIe一門乃タmαyゐαγeO偽eγp印加娩ereαf娩eβαme士官me．

Thecentralideaofthemethodisto£ndevidenceforinterpretinglnaCCurate

databyconsideringqualitativecorrelationsamOngrelateddatal・Theidea・is

IDet誠edde餌itionさW山begivenlater・
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VeryCOmmOninhumanthinking．Whenal1thedataexceptbloodpressureofa
Patientshowthanhepa・tienthasacertaindiseaBe，WeWOuldnaturallysuspect
thatthebloodpresstlreOfthepatientwaBinaccuratelyentered・Similarly，When

al1thepeaksexceptoneindicatethatapartialcomponentispresent）WeWO山d
natural1ymspectthattheunmatchedpeakwasinaccuratelymeaBuredorthe

Peakwasa鮎ctedbynoiseorsomethingelse．Ifacceptablesohtionscanbemade

byassunlnganinaccuratedataitemtobea・referencevaluebaBedonqualitative

COrrelationsbetweenthedataitemanditsrelateddata，theinaccura．tedataitem

maybecompensatedandhenceidemti丘ed．

Thekeypointisanewconceptcal1edsupportcoe伍cientfunction（SCF）for

extracting）rePreSenting）andcalcuLatingqualita・tivecorrelationsa皿Ongrela・ted

data・Whenmeasureddataareinaccurate）thequalitativecorrela・tionsamong
rela・teddatacanprovideevidenceforconfirmingordisconfimigthehypothesis
tha・tthemeaBureddataaJethesameasthereferencevalues．Anapproachtode－
terminingdynamicshiftintervalsofinaJ＝CuratCdata）anaPprOaJ＝htocalculating

po8Sibilityofinterpretinginaccurateda・taIandanalgorithmforusingtheabove

twoapproad朗a代prOpO紀dontbebぴisofβCダ，reSpedively．

Themethodtl”muChdynamical1yobtainedinformation，SOitdoesnotre－

quiremanyaLSSumPtionsinadvaJICe，andismorerobtlSt・Themethodinte

チaccuratedatabyconside血gqualitativecorreLationsamongrelatedda↓a，SOit
LSquiteefftctiveande伍cient，eSPeCiallyinthecaBeOfproblemswheredepenT

denciesamongdata・a・ppaRentlyexist・hgeneral，qualita・tivecorrelationsamong

daiac鋸1always，mOreOrless，beextracted．htheworstcaBeWherequalitative

COrrelationsaJenOtknownapnori，themethoddegeneratestoaconventional
hz町metllOd2．

Someextensionswhichallowthequalitativecorrelationstopropagateamong

rela・teddata．enabletIlemethodtointerpretinaccuratesymbolicdata．Based

Ontheextensions・Idevelopanewmethodforpropagatingqualitativecorreh－
tionsam0Ⅰ唱hypothesesaBCOn丘rnatoryordisconSrmatoryevidenceforun

tainreaBOmig・IpresentanalgorithmforextraLtingandrepresentingqualitative
C？rrelationsamohghypothe5eS，ahdanalgorithmforpfOpaga・tingqualitativecor－

relationsaBCOnfimatoryordisconfimatoryevidencetoupdatethepos由bilities

Ofhypotheses，reSPeCtively．Thefunctiomofthemethodissimi1aJtOtheprobabil－

itypropag如iononBaye血networks．B雨∽mpard而tbtra血tbnalmetbods

forprobabuitypropagation，themethodhasthefbllowingadvantages：（1）itcan

2Ir曲rねtbeh呵meth由w出血u聞弧emp出血吻hte通ゎre止血∝Cur出edぬ
itema8・CO刀Ventional吻me血0由．
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bea・pPliedtotheproblemswhereevidenceisnotexplicitlygiven；（2）fewnum－

bersanda別mPtionsneedtobeprovidedbydomainexpertsinadvance；a・nd

COnSequently，（3）thekn0wiedgeacquisitionissimple，andthei皿COnSistencyin

knowiedgebaBeSCanbeavoided．

IhaNeappliedtheabovetwomethodstoin缶a3edspectruminterpretation，

andhaNethorough1ytestedthemethodsagainstseveralhundredrealspectra．
Theexperimentalresults5howtha・tthemethodsaresigniSca皿tlybetterthanthe

traditionalmethodsusedinmanysimi1arsystems．

Ialsopresenta・kn0wiedge－basedsystemforinterpretinginfraredspectra・The

pnmarytaskofthesystemistoidenti＆unknownCOmpOundsbyinterpreting

theirinhredspectra・Iproposeaknowledgemodelfbrintegratingqualitative
reaBOnlngimtoin企aJedspectruminterpreta・tion・Theimplementationofthesys－

temindicatesthatboththee蝕＝iencyandqualityaJeimprovedbyemploylngthe

knowledgemodel・Therateofcorrectness（RC）andtherateofidentification
（RI）ofthesy＄temaJenear74％and90％respectively，andtheformeristhe

highestamongknownSyStemS3．
InadditionlIpresenta・neWmethodfor50lvingconstraintsa・tiぬctionprob－
1ems・Themethodisinitial1ydevelopedforsoIvingtheconstraintsa．tiぬction
problemsiniI血aredspectruminterpretation）butiti＄aPplica・bletoaclaBSOf

Simi1arproblem＄・Iproposeane鮎iezltPattern－drivenalgoritlmforgenera・ting

initialsolutions）arLdanoverl叩－redllCehemisticforrepairingtheinitialsohtions．

Brieay，myCOntributionsmainlyinclude：

1・Aqualitaiivemethodwhichinterpretsinaccuratedatabyuslngqualita－

tivecofrelationsamongrelateddataascon五rma・tOryOrdisconfirma・tOry

evidence，andacorrespondingalgorithmwhichcrystal1izesthemethod；

2・Aqualitativemethodwhichpropa・gateS qualitativecorrela・tionsamong

knownhypothesestoupdatethepossibilitiesofthehypotheses，andacor－
respondingalgorithmwhichcrystal1izesthemethod；

3・Successfu1a・pplication80ftheabovetwoqualitativemethodstoa・PraCtical
proble叫

4・Akn0wiedge－baBedsystemwhichintegra・teSqtlalitativerea50nユngandquan－

titativeanalysistointerpretinfraredspectra；

3RCaDdRIaretwoimportantstandardsforevahatizlgthesolution80fin魚・aredspectrum

interpretation・Ⅰwill由vethedetai1eddefinitiozISOfRCazldRZ，andshowtheexperimental

res111tBOfthesystemlater．
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5・Anewmethodforsolvingconstraintsa＾isfictionproblemsincludingan

e瓜cient pattem－drivenalgorithmfor generatinginitialsolutions adldan

OVerhp－reduceheuristicfbrrepairingtheinitialsol11tions．

1．5　0utline ofthe Dissertation

Thisdissertaiionconsistsoftenchapters・Therestofthedissertationisorganized
a5fbllows．

hChapter2，IdescribetheproblemofinterpretinginacclnaJ，edata．First，I
discusstheconceptsofinaccuratedataandina”uratedatainterpretation，and

glVeSOmeeXamPles・Then，Iintroducetheformalrepresentationofinterpreting
immatedata．

In Chapter3，IgivethepreliminariesofmyreseaJChincludingsome new
dehitionsandnotions・First，Idefinetheconceptsofrelateddata，andqualitative

COrrela・tionsamongreLa，teddata．Then，IputforwaJdanovelconcept cal1ed

㌍PPOrtCOef5cientfunction（SCF），anddiscussthedynamicshiftintervalsof
lnaLCtua・tedata・baBedonSCF・Finally，IintrodllCetheconceptofdetermining
thepossibilitiesofinterpretinginacctlratedata．inthedynamicshiftintervals
bycon8ideringq11alitative correla．tionsamongrela．teddata．ascon負matoryor

disconfirnatoryevidence．

hChapter4，Ipresenta・methodfori皿terpretinginaccura．tedatabyconsid－

enngqualitativecorrelalionsamongreLa．tedda．ta。First，Idiscussthemethodof

extracting，repreSentingandcalculatizlgqualitativecorreLa．tionsamongrelated

data，andthemethodofrepresentingandcalculatingSCF．Then，Ipropose

approadtocalculatingshiftizlterValsofina∝uratedatawhich，basedonSCF，

dynamical1ydetermine＄howinaccura．teaJlinacc山門止eda，taitemisallowedtobe，

adldana・pprOaChtocalculatingpos由bihtyofidentj和inginaccuratedatainthe
dynamicshiftintervals．Finally，basedontheabovetwoapproaches，Ipropose

analgoritlmforinterpretingizmatedahbyconsideringqualitativecorrela，
tionsamongrelaieddataasconfimatoryordisconfirmatOryevidence，andbrie負y

discⅦ∬theapplica．bilityandcomplexityofthealgorithm．

h Chapter5，Ipresent amethodfor propagatingqualita需vecorrelaiions

among hypothe8eS aS COnfimatory or disconfirmatory evidezICefor血certain

reasonlng・ThemethodcaAa・utOmatical1y extract andpropagatequalitative

COrrelaiionsanonghypothesesascon丘rnatoryordisconfirmatoryevidenceto

upda．tethepossibihtiesofhypotheses．First，IintrodllCethemethod．Then，Ⅰ



10 CEAPT且R」．mO上）打mOⅣ

glVeaneXampletodemonstratetheuseofthemethod，aAddiscussitsproperties

andapplicab揖け

InChapter6，Iintroducetheapplicationofthemethodstoapracticalsys－

temforin鮎redspectruninterpretation〉anddisc闇SmyeXPerimentsandthe

implementaiionoftheproposedmethods．First，Ibrie且ydescribethearchitec－

tureofthesystemIandthew叩Ofapplyingtheproposedmethodstothesystem．

Th氾）Iht一山Ⅶ∝tbee叩e血1en七山代Sults扇tbtbesy或em・Ihavethoro関山y

testedthesystemagainsta・boutthreeh皿dredrealinfhredspectraLTheexper－

imentalresultsshowthattheproposedmethodsaresignificantlybetterthanthe

COnVentionalmethodsusedinma．nysimilarsystems．

hChq）ter7・Ipresentaknowledge－based・SyStemfori血edspectrtm5n－
terpretation・Iproposea・knowledgemodelforintegratingqualitativereasonlng
intoinfraredspectruminterpretationlaJldintroducethedesign，arChitectureand

WOrkhgproce∬Ofthe5y雨em．

InChapter8，Ipre8enta・neWmethodforsolvingconstraintsatiぬctionprob－
lemsininfhredspectruminterpretation・Iproposeane侃cientpa・ttern一山iven

al即止血mfbrg蝕era血gh兢hl∝1utb耶，弧danoverlap－rduceb餌r血icfor

托pai血gthem．

血Ckpter9，Iddr鰯tムere血dwork，弧danaly別仁丑把adv弧ta卵弧d

disadvaAtageBOfmyownwork・IcLaimthatizLgeneralcases，quantativecorre－

htionsamongrelateddataaJealwav＄aVauablesincetherea3ealwavsstmctures

e血七山gincomplexdata紀ね・The代hre）tbemetho血propo紀dhthkd血e鵬む

tionahegeneral1yeLrbctiveande缶dent．ⅠalsoclaimthatizLSOmeCa5eSWhenthe

qualita・tivecorrela＾ionsamongrehteddata・a皿enOtknowna・Pri0ri，themethods

degeneratetoatraditionalfuzzymethod・Ⅰalsoaddressmyfutureresearchwork

hCb叩t訂9．

Final1y，Icondudethedisserta．tioninChapterlO．

Somechptersofthisdissertationa托basedonourpllblishedpapers．Rough1y，

Chapter3and4arebasedon［Zha・0＆Nishida，1995a＆1995c］．Chapter5is

basdon［Zhao＆Mikami，19叫Chapter6isbasedon［ZhaD＆Nishida，1995b］．

Chapter7isbaBedon［Zhao＆Nishida，1994a，1994b＆1995d］．Chapter8is

b鮎edon【Z血，1994】・
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Chapter．2

BackgroundProblem

hthi＄Chapter？IintroducethebackgroundproblemofthereseaRChincludingthe

problcmdescriptioTOfizlterPretinginaccuratedata，aneXampleoftheproblem

inscienceandengineenng，andtheloglCrepreSentationoftheproblem．

2・1　ProblemDescription

AnalyzingdataBetSisacommonlyu8edmethodforsolvingscienceandengineer一

戸gproblemB［Fringueui・andetal，1991】rWaJlg，1994］・Forexample，thebehav－
10rSOfadeviceforma・da・taBetOfthedevice・Byanalyzizlgthedataset，thestaie

Ofthedevicecanbekn0wn，andthetroublesofthedevicecanalsobediagnosed

【BiⅣ廻＆仇，1993脚止血＆Stm即，19朗川w揖aki，弧detal，1993】【Zh叫

199廿Ⅰム叩Ok飽OrWdttenk皿卯a酢mderst弧dhg，aSt血goflett訂S払ma

dataBetOfa・WOrd，andasetofwordsformadataBetOfasentence・Understanding

thewordorthesentencerequ汀eSanalyzingthecorrespondingdataset・In8ignal

processlngandim喝eunderstanding†themaintaBkistoanalyzcdataLSetS，i・e・，

receivedsignals9rimages，tOgettheinterpreta・tionorstruCttlreSbehindthem

【Bla鮎殉1986】【L扇n酢，皿detal，1987】．

hpr∝tice，bowev即，dat祁eはa代0魚弧h∝C耶aねd11etOVadousrea50刀應mO或

OfwhichaJeunforeseen，Orunknownatal1．Whenada．tasetcontahsina．ccurate
dぬ，andy血gitbe∽meSVery血偲dりBe汀y，1992】【C山1en，H叫＆S血aヰ，

1鍋2】・

ThereareprimarilythreekindsofinaJCCuraCyhda．tasetsincludizlg：

11
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1・haccuracycausedbyincludingnoisesorirrelevantdataindataBetS．For

CXample，insignalprocesslngImanynOise＄m町bereceivedalongwith
Signd5eries；

2・InaccuracycausedbyinaccuratelymeaBurlngOrenteringda・ta・Forexam－

ple，aletterinawordmaybetypedwrongIalndawordinasentencemay

bespelledimproperly；

3・Inaccuracycausedbydatathemselvesa鮎ctingeachother・Forexample，
inin允aRedspectruminterpretation，－duetoco－eXistenceoftwodiぽerent

Partialcomponentsinacompound）theirpeaksoninfraredspectra・may
Shi允ffomtheirrefbrencevalues．

Theoccurrencesandca・uSeSOfinaJ：Curatedataareunpredicta，ble，Orunknown

aial1insomecaBeS｝SOinterprcti喝maCCurateda・taindataBetSisa・Verydi抗ct11t
ta5k．

Manysystemsbypasstheproblem，anddirectlyaBSumethatal1dataizltheir

da・taBetShawebeenaccurate・However）PraCticaldatasetscanrarelybegtlaran－
teedtobecompletelyaccllra．te．

2・2　Example

Taketheizlfhredspectruminterpretationforexampletointroducetheproblem

Ofinterpreti鱒ginamratedata［Colthup，Daly，＆Wiberley，1990］［Savitzky，1987］．

hfraJedspectruminterpretationi8atyPicalproblemha”inglnaCCuratedata．

izIChdedindatasets・Someinaccura・tedataaJeCa・uBedbynoises，butinmost

CaBeS，theyaJeCa・uSedbyunforeseene仔ectsamongdatathemselves．

ThetaskofinfraRedspectmminterpretationistointerpretinfraredspectra

Ofunknowncompoundstoident勒theunknowncompounds，・OrtOidenti＆the
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COmpOdtionsoftheunknowncompounds（i・e・，tOidenti＆whatpartialcompo－
ment8（PC）七山皿known∽mpOⅧ血∽ntdn）．

TheprocessofinfraredspectrumizlterPretationforunkn0wnCOmpOundsis
血mhFigm2．1．

TheinputdataBetSOfinfraredspectruminterpretationaReinftaredspectra
Ofunknowncompounds｝andthesolutionsaresetsofpartialcomponentswhich
theunhowncompoundsmaycontain．

U爪bm5∝　m

氾10Wld即－bぉed

ln叩tiom

Th●　u血叫l

亡○叫皿d eoれと▲1n書；

翫

Figure2・1＝ProcessofIn鮎redSpectrumhterpretation

Anin鮎redspectrumcaJLberepresentedasa・SetOfpeaks‥

軸＝（釣，釣，…，恥）

WherepeakpiCOnSistsofits缶equencypositionノ‡，Strengthsiandwidthwi，that

逼，

釣＝（九妬叫）　盲＝1，2，．＿，乃
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ThepeaklistsofpartialconponezltSaJeknowzlinadv弧Ce，eaChofwhich

ha」ねtofped柑tb扇t血epむ流山00mpOnentC弧CTe如e．1もble2．1血ows兢e

exanplesofpartialcomponentsandtheirpeak鮎ts・

且飽た血涙

C耳3一　駅陀．　Str．　Wid．‖Fh．　Str．　Wid．　…

2960　1．3626　0．mO5　2870　0．7920　0．3011　…

クe（止工由f

【C仇】2－C∬－ Fre．　Str．　Wid．　Fh：．　Str．　Wid．
1170　1．1034　0．6918　1145　0．6672　0．1082　．．．

タeα烏エぬ亡

－【Cg（qj㌔）－C朝礼－ Fre．　Str．　Ⅵ月孔　　F陀．　Str．　Ⅵqd．．．．
1170　1．1034　0．6918　1145　0．6672　0．1082

Table2・1‥ExamplesofPaxtialComponentsandTheirPeakLisb

Supposethepeal（鮎tofpartialcomponentPCJis

クエ（A㌔）＝ね町p句，…，p‰‡

＝（（ん，β叫び叫）＝＝1，2，…，m）

thenifPCaiscontainedbyacompotmd，peak8inPL（PCa）willappearonthe
in允ard叩ed訂ⅧmOftbecompo皿d・

Ideal1yIifallspectraldataaJea∝urate，theprocessofinfraredspe

intcrpretationforunknowncompoundscaDbesimplydescribedbythefouowing
如eps：

1・Selecta・peak，Pi，fromSp・Retrieveal1partialcomponentswhosepeak
hstshaNethesamepeak，andputthepartialcomponentsina，Candidate
l誌t：Cム；

2・Sdedapaれ撼∽mpOnent，クq，缶omCエⅡクエ（アq）⊂郎，仏enp雨
thepartialcomponentsina・SOllltion止st‥SL；Otherwise，deletethepartial

00mpOnent丘omCエ；

3・Goto2untilal1partialcomponentsinCLarechecked；
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4．Gotoluntilal1peaksin鞄areidenti＆ed；

5・DeleteconAicts（overla・PS）amongpartialcomponentsinSL，ando11tPut
gエa5tlleSOlntion．

Theaboveprocesscanbebrie丑yrepresentedasthefo1lowingpredicatecalculi．

セ知∀アq（（釣∈クエ（アq））→（アq∈Cム）），α扇

∀Pq（（タq∈Cエ）∧（クエ（Pq）⊂軸）→（アq∈∫エ））

hpradice，however，SPeCtraldataareofteni皿aJ：Cura．teduetovariotwrea50

mostofwhichareunforeseen）Orunknownatal1・ThemainreaBOnSCauSlng

inaccuraJyOfspectraldataindude：

1・Ⅰ血d5pedraldataa代Verye適ytObea鮎ddbynoi紀；

2・hfraredspectraldatavaryalongwithdi鮫肌ntCOndition＄andpurityof

COmpO皿ds；

3・Final1yandmostimportantly，in缶aredspectraldataareoftenshiftedbyef・

fectsanOngCO－eXistingpartialcomponezltS†Orinotherword？e蝕ctsanong
datatllemSdvesin da七a5etS．

BecaⅦ眉etbepe濾1isねOfpa畑山∽mpOmentSarea∝郡山eb山鞄痛im誠e

（i・et，聖∈〃（タq）弧d即（タq）⊂鞄∽皿α雨叫，itknot由mpleto
detemmewbetb即動∈クエ（アq）弧dクエ（アq）⊂鞄用代か朋0りdβe．

2．3　FormalRepresentation

Inpracticalproblems，meaLSureddatacanberepresentedasafiniteset：

〟刀＝（dl，毎，…，も），

andreferezLCeValuescanahoberepresentedaBa，鮎iteset：

月γ＝（γ1，γ2，…，γⅣ）・

hterpretingoranalyzingmeasureddataistypical1ycarriedo11tOnthebasis

OfsoWed“路then”ru1eshwhichthepremis朗aJeCOmParほOnSbetweenMD
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and月Vl比e“ゲd‘＝γj鮎乃…”，Or“ぴ（γf∈〟β）∧（γゴ∈〝β）娩e乃．．ノ，．

WhenMDi8aCCura・te，themainopera・tionimpliedbythe8epremisesi8u8ual1y
to£zldacorrespondingreferenceval11efromRVforeachdataitemi皿MD．

However，WhepMDiBi皿aCCllrate）theoperationbecomescomplicated・Inthis

CaBe，itiBdi伍culttodeterminetowhichreferencevalueaninacc11ratedata，item

COrreSPOnds，e・g・7forsomemeasuredda・ta・nOreferencevaluemaybesimply

identified，Whileforothersmorethanonem叩beavai1a．ble．

Forexample】ifreceivedsig71alsaJekn0wntObeaL＝Curate，andanexpqcted

Signal（referencevalut）cannotbefound鈷omthesignalseries（measureddata），

thenweca・nCOnCludethattheexpectedsignaldoesnot叩PCa・r・However，if
receivedsignalsa・reinaccura・te，andan expectedsignalcannot beidenti五ed

ffomthesignalseriesIitishaJdtodeterminewhethertheexpectedsignaldoes

nota・ppeaJOra・ppeaJSblltlooksdi鮎rentduetotheinaccuracy［Oppenheim＆
Nawab，1992】．

MostcurrentlyknownapproachestodealiLLgWithizlaJCCuratedatasuch

fuzzyloglCandproba・bilisticreasonlnga・remainlybasedonquantitativesimi1arity

OrClosemessbetweenmeasureddataandreferenccvalues［KrtlSe，1984】【Wang，

1983］・Howevcr，theidentityofqualitativefeaturesismuchmoree茸ectiveand

rdねblethanquantitativesimi1arityorclosenessinmanycases［ForbtlS，1983＆

1987】・

Considersignalanalysi＄agaln・IfaninaccuratesignalhaBthesamequali－

tativefeaturesaBtheexpectedone＄uChaBtheintervaloffrequency）thesignal

m叩Stillbeidenti丘edeventhoughitsquantitativefeaturesaJeSlightlydi触ent

fromtho＄eOftheexpectedonesuchaBStrengthetc・；COnVerSely，aZl血ccurate

8ipalmaynotbeidentifiedifitisquantita・tivelysimilaJtOaneXpeCtedsignal

butdoesnothawethesamequahtativefea・tureSaStheexpectedone・

Ihawediscussedthefo1lowingpointsbefore：

1・Somedataitemswithinada・taSetarequalita・tivelydepe益dent（i．e．，they

訂erelateddata）；

2・ThereaJequalita・tivecorrelationsamongrelat占ddata；

3・Qualita・tivecorrelationsamongrelateddataenableustoconfimordiscon一

丘rmtheinterpretationofqⅦ誠tativefeahres．

Therefore，RVandMDcanbe，eXphcitlyorimplicitly，dividedintofinite

groupsontheba由ofqualitativedependenciesamongdata，andthedataineach
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groupaJerelaiedtoeachother・Forexample）1WcanbedividedintoRl，R2，
．．．and月鳥：

月Ⅴ＝属1∪月2∪…∪月鳥，

句＝（γメ．‡rブ∫∈見竹1≦J≦Ⅳ）．

wbere

ThequalitativecorrelationsamongrelaLteddatainRjinclude‥

1・Da・tainRjShouldbesimultaneouslypresentorabsentwhichmeansthat

al1re鈷rencevaluesinRjShouldhavecorrespondingdata・inMD；

2・Thepresenceofrhm町enhancethepresence・Ofrjl）andtheabsenceofrjp
maydepressthepresenceofrjl・

Coms叫nently）00n由de血gtheqⅦ濾ね扇vecorreh需on5amOngrel細dd扇aw山

1eadtoevidencefortheinterpretationofinamatedatan
SupposcthecorrespondingreferencevaltleSOfmcaBureddataMD canbe

托pfe訳皿kda5⊥Ⅳ（〟β），tb弧JⅣ（〟か）血0山dbeasnb紀tOf月y，tb且tis，

JⅣ（〟β）⊂属佑

Sotheproblemofintcrpreting／analy扇nginaccuratedatai5tOmakequalita－

tivehypothesesforMD，Orinotherwords，tO丘ndanIN（MD）fromRV．The

PrOblemcanbebrie且yrepresentedaBthefollowingpredicatecalc山i‥

∀鳴∀句（（郎喝）→（句∈C上）），αm窟

∀句（（句∈Cム）∧（句◎〟刀）→（句∈J〃（〟β）））

Wbe托“屯◎句”弧d“句◎〟β”a代tWOeS紙皿tidqⅦ出ねtivepre山c血hmy

methodswhichrepresentthatdipOSdbly（qualitahvely）belongstoRブ（i．e・，？
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童∈句），弧d句po戚bly（qu誠t鵬vdy）旭0喝Sね〟β（Le．，？卑⊂〟叫，
respectively・Deternlnmg以A＠BnisbasedozlqⅦalitativecorrelationsamong
rektddata．

SinceBj∈CLisacertainpredicate〉Isimplyusethefo1lowingexpressio皿

torepresenttheabovepredicatecalculi：

（童◎卑，卑＠〟β）⇒i句∈エⅣ（几れD））．
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Chapter3

Preliminaries

Inthischapter，IputforwardanddiscussseveralnewQOnCePtSWhichaJeuSed，

andplauimportantroles，inthereseaRCh・IArstdefinetheseconcepts，thengive

COrreSPOndizlgeXamplesandexplanaAionsofthem，re5PeCtively．

3．1　QualitativeDependencyandRelatedData

Data・ina・dataBetaReraRelycompletelyindependent．Thereareqtlditativede－

pendencie80rCOnneCtionsamongsomeda，tainada．ta5et．Forexample，a．SetOf

data・maydescribethesamebehavior，StruCture，Objectorphenomenon．

3．1．1　De丘nition

De負n祉ion3・1晶混血d血ね：〝故地＝1，屯，…，α乃dん．deざCわkαCαmm

pんm，卯仇印ゆわ払eβαme肋ぬ汀由mdねれeα購Jy，統帥娩印∽れね
f門氾ねdαgγeねねddαね．

Forexanple，apatient’stempera鳥ure，bloodpresstueandothersynptomatic

dahaRe related data，a．ndal1thefeaturesfor describi兎a，Criminalarealso
relateddataLIfwecon8ideraword，OrCOrreCtly，aString，aBadataset，thenal1

1ettersinthewordcanbeviewedasrelateddatahげweconsiderasentenceasa

data朗t，thenal1wordsinthesentencecanbeviewedaBrelateddah

Thephenomenozlthatsomedatawithina，dataBetareIelateddataismore

apparentinenglneemgprOblems・hthefo1lowingsection，Igiveanengneenng
problemtoshowthephenomenozlthatsomedata．itensarerelatedtoeachother，

19
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3．1．2　Exa皿ple

Theda・taSetSOfinfraredspectmninterpretationaJeinfraJed印eCtra・OrizlOther

WOrdB，theya代8etSOfpeaksoninffaredspectra・Figure3・18howsanhfrared

SpeCtrunOfacompotnd丘omwhichtwokindsofrelateddatacanbenoticed．

－1
●■●●●一●l一●一■一‾

1

…・小●・…・●・・・・・

1二　　　　二：

Figure3・1：ExampleofRela・tedData．inSpectrtmhterpretation

First，aBfaraBaSinglepeakisconcemed，theftequency（position）ff，Strength

（height）8i，aAdwidth（sha．pe）wiOfthepeakareTelateddata．Second，apartial
COmPOAentmaVCrea・teJlumerOuSpeaksatthesametime．∬weconsideral1the

peaksthatapartialcomponentm叩Create，allofthesepeaksarereLateddata．

3・2　Qualitative Correlations　amOng Related
Data

RelateddatahadaiaBetaJequalitativelydependentoneaJChother・Supposea

dataBetdescribesthebeha・viorsofadevice）therelateddata・de純一ibingthesame

behviorofthedevicearequalita・tivelydependent・Forexanple，ifabehavior

isidentiBed，thenallrelateddatadescribingthebehaviorshouldbecontained

inthedataset・Orinotherwords，ifandonlyifal1relatedda・tadescribingthe

SamebehavioraJefoundinthedataBet，thenthebeha扇orcanbeidentiLed．
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3．2．1　De負nition

De丘n祉iom3・2¢uα抽抽γeCo汀eJαfねれαm叩月egαねd加ゎ：〝名αれ叫αreね柑
reねねd血ね古書emち仇eれ娩eク柁ge乃Ceq／威すuα勉励eJyeれたα乃Ceざ伽pre∫e乃Ceげ

句，α乃d払eαあβeれCe扉4押α肋如egyd甲陀β∂eg仇叩柁ge乃Ceげ句・乃ねたれdげ
q脾cねαmOれタ柁ねねd加ゎα柁CαJJed曾祝α肋血eco汀eぬ如乃ぶαmO乃ダγeJαねddαね．

FbrexampleISOmeSymptOmaticdata・SuChastemper血re】bloodpressure
aJldpulserefertoacertaindisea・Se・Indescribingthedisease）allofthesesymp－

tomaticdataarerelatedda・ta・・MakiI唱ade丘nitediagnosisofacertaindiseaBe

forapatient）al1relateddatareferringtothediseaBeShouldbedefinitelyfound

たomthedata5etOftllepatient．

In practice†ifsomesymptomaticdataofapa・tient presageacertain dis－

ease〉theotherda・tarelatedtothesedata・Whichreferstothediseaseareusual1y

requiredtobetestedanddiagnosed．

3．2．2　Exa刀1ple

Considertheexa・mPleofin＆a・redspectruminterpretationinSection3・1・2agaln・

Theffequency（position），Strength（height）andwidth（shape）arerelateddata

items〉SOthesethreeda・taitemsshouldbepresentorabsentsimultaneou＄ly・

Whenspectraldata・areaCCurate，interpretingaslnglepeakonanin丘aJed＄PeC－

trllmreqlllreSthatthesethreedata．itemsshouldbeal1identified．OrLtheother

haJLd，Whenspectraldata・areinaccurate（i・e・，SOmemeaSuredpea，kslooklikebut

arenotexadlythesameaBreferencepeaks），theidentificationofada，taitem

amongthe relateddata，m叩prOmPtandenhancetheidenti丘cationofothers

Sinceal1relateddatashollldbe■presentorabse皿tatthesametime．Similarly，

thepeaksthatapartialcomponentca，nCreateaJealsorelateddata：items，SO

thesepeaksshouldalsobepre8entOrabsentsinultaneously．Whenspectraldata，

aJeaCCurate，interpreti工場aPartialcomponezl七reqtLlreSthatthepea，kscreated

bythepaJtialcomponentBhouldbeal1identified．Whenspectraldataarein－

accurate，OntheotherhaAd，thcidentificationofsomepeaksmaypromptand

enhancetheidentifica・tionofotherpeakssinceal1thesepea．kssho111dbepresent
ora．bsentatthesa．metime．
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3・3　Support Coe用．cient Function

Therea・requalita・tivecorrelationsamongrelateddata・Thepresenceofsomedata

item＄Ca皿qualitativelyenhancethepresepceoftheirrerateddataitens，andthe

abBeZICeOfsomedataitemscanqualita・tivelydepressthepresenceoftheirrelated

dataitems・Therefore，qualitativecorrelationsamongrelateddatamayleadto

eitherconfirmatoryordisconfirmatoryevidenceofinterpretinglnaCCuratedata，

dependingonthedegreecal1edsupportcoe鮎ient．

3．3．1　De丘nition

De且扇tion3・3動押Or亡叫伊c盲eれ亡力爪Cf血βCり‥〝払eγeαrem－J血ねreJαねd

わも仇e乃βCFq／簸ね払e♪のC知れわcdgC血fe亡んeねねJq辞め〆兢em－J
陀仏亡d加ゎ呼名．

Supposeci（句）representsthequa，1ita．tivecorrelationbetweend．anditsrelated
da・ta・item句，thenthesupportcoe凪cientfu皿CtionofdiCanbedefinedas：

gC書＝β（∑　q（勅m），

Whereβisafunctionwhichshouldre鮎ctthera．tioofhowmanyandhowm

relateddatasupportdi・WhenSCE；i5greaterthanaCertainvalllegivenby
domainexpert＄，therelatedda・tatendto＄uPPOrtdi；Otherwise，therelatedda．ta．

tendtodepresさみ

ForexampleIifmo8tSymPtOma・ticda・tarefbmngtoacertai皿di8eaBeCannOt

befoundlthenotherdatareferringtotllediseasewillbedepressed，andarenot

likelytobecausedbythediseasebutbyothers，althoughtheylooksquitelike．
CozIVersely，ifmostsymptoma・ticdatareferringtoacertaindiseaBea・refound，

thenotherdata・Whicharerela・tedtothediseaseblltCannOtbeexa・Ctlyfoumd

Wiubesupported）aJldwi11usual1ybeanalyzedcaJefu11y・

3・3・2　丑Ⅹample

Considerthefo1lowingfourstrings：

（a）盲一乃－かC－C一視－γ－か才一e

（b）盲一m－かC－C一視－γ一かま－e
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（c）壱－m－かC－CⅧ－J－α一子－e

（d）盲－m－α－C一視一g－d－才一e

（a）isacorrectword，but（b），（c）and（d）areanspeuedwrong・Thereiso？e
享etter，“m”，in（b）di鮎rentfromthatin（a），SOtheSCFforizlterPret阜ng“m”1n

（b）as“n”h（a・）isquitb‾great・Asaresl11t，（b）canbeeasilyinterpreteda5（a）．

Further，therearetwoletters，“m”and”l”，in（c）diGerent缶omthosein（a．）．

Although（c）maybe’interpretedaB（a），theSCFsforinterpreting“m”and“L”

in（c）asWand“r”in（よ）wouldnotbegreat．Final1y，thereaJethreeletters，

“m”，“C”a・nd“l”，in（d）dihrent正omthosein（a）．Asaresult，（d）wi11hardly

beinterpretedas（a）sincetheSCFsforinterpretingthesethreeletterswillbe

VerySmal1（evensmallerthanthoseforinterpreting（d）aBアOrd”immaculate”）・
The de丘nitionofthe threshold that the SCFofaJllnaCCura，te da．taitem

tendstosupporttheinaccuratedataitemisdomain－dependent・Theprinciple

forde鮎血gandcalcula・tin．gSCFisthatSCF8houlddirectlydependonhow

ma・nyandhowm11Chrela・teddatasupportanina．ccllra．teda．taitem．

3・4　Dynamic ShiftInterval

ItlSe“di＠卑”toexpressthatdiCaZlbequalitativelyidenti£edftom句．Realizing

“di＠Fi’’requirestodefineashiftintcrval△forRjlike：

昂土△＝（（γ力士△）lg＝1，2，…，m‡，

thentodeterminethepossibilityof化di∈Rj土△‖・

Thea・boveformula・issimilaJtOthatinfuzzylogic，butcontainscompletely

diRerentmeanlngS・Theprimarydi鮎renceisthattheshiftintervalsaredynam－

ical1ydeterminedbySCf；，WhileinfuzzyloglC，thefuzzyintervaka・reuSually
providedbydomaizleXpertSinadv弧CeOrCalculatedwithqua・ntitativecriteria．

3．4．1　De負nition

De丘n祉ion3・4戯埴九ね叩αた動植ゎね叩αJ由αdy乃抑古cr甲われか加cc髄和ね

血ね・G血e乃αざねれ血rd舟㌶y而e叩αgか加点CC肌ね血ね，払eざ坤れねγVαgげ屯

Vαわeβα和Ⅶ几d伽ざね乃血相伽zyれねmαgO乃娩eあ¢gね扉∫C書．
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WhenSC彗show＄tha・ttherelateddata．＄uPpOrtdi，theshi氏i皿terValofdl

become8雨dertb弧tbest弧dardfuz町inter血．Ontbeotberh弧d，WbengC昂

Showsthattherelateddatadonotsupportdi，theshiftintervalofdibecomes

na汀OWert血anthestandardfuzzyintervd．

Suppose△isastandardfuzzyregionforinaccuratedaね，thentheshift

interval，△di，Ofinaccurateda・ta・itemdiCanbedynamical1ydeterminedthe
払1loⅥngW町：

△di＝β（△，∫C書）

WhereCisafunctionwhich8houldmake△didirectlydependonSC薫．

htraditionalfuz町methods〉△diissimply△・Whenqualitativecorrela－
tionsamongrelateddataaJeeXtraCtedandconsidered，△becomesastandard

referezICe，aJldtheshiftintervalwillbedeterminedbySCFi．

3・4・2　Example

Ⅰ丘rstdiscus＄aneXamPleofusingfuzzylogictointerpretinglnaCCllrateda・ta．

SupposemanyinaJCCuratedataareprovidedtodescribethechaRaCteristicof

acriminal，SuChasheight，COlorofskin，age，andetc．Becauseal1thesedata
areina£Curate，a・fuzzyregion△才，andamembershipfunction鳥areneeded

tocalcula・tethedegreetha・ta・realda・taitemYisinterpretedastheprovided
inacctlrahedataitemX．
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Brie且y，byfuzzyloglC，thedegreeofYbeinginterpretedasXvariesalong

withthecurveshowninFigure3・2【Bousson＆Tra”e－Ma凱yeS，1993］［KruSe，

GebhaTdt，＆Klawonn，1994】・

Dog一台8

1

O Data

Y X

＼、　J　一、′＼、＿＿ノ／　‾＼＿＿′一・′＼　　J

△x　　　　　　　　∠▲X

Figllre3．2：MembershipC11rVeOfhacc11rateDa，ta．

Whenarealdata・itemYisloca・tedoutsidethefuzzyreglOn）thedegreeofY

beinginterpretedasXiszero；Otherwise？thedegreevariesfromOtolalong

withthemembershipcurve．

Theproblemoffuzzylogicisthat△霹andE；areusual1yfiⅩedandprovided

bydomainexpertsinadvance7SOdynamicinformationandcorrelationsamong
da・taCa，nnOtbeproperlyu＄ed．

Forexample，ifthedescriptionaboutthecriminal，sa・geis30－40，then

Xa9e＝35，aJld△。9e＝5・Asa，reSult，a・geSOutSide【30，40】wi11beviewedas

unidenti負ed．

Withthede丘nitionofshiftinterval）thedynamicinformationandqualitative

COrrelationsamongrelateddataca・nbeusedtodynamical1ydeteTminehowwide

a・data・itemisallowedtoshift，Orinotherwords，howina，CCurateaninaccuraie
dataitemisdlowedtobe．

Supposeal1data・eXCepta9eha”ebeenidenti五edalrea・dy・Theseidentified

da・ta・wi11providea9ewithagreatSCF・Therefore，thedynamicshiftinterval
fora9emaybecomelargerthan△a9e・Withthesamemembershipfunction，the
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degreeofidenti如nga9eWinvaryalongthenewmembershipcurveshownin
Fi餌代3．3．

Deg帽8

1

F

」

l

∃

」

′

′

／l

／」

「

＼＼＼、童
0　　　　　　　　＼　Daね

Y X

■＼　　J　　へ＿＿′／

∠ユX

＼、＿＿′′J＼　　　J

Sh汎Int引Vd

△x

FigtLre3・3：ADymicShifthteml（1）

D8押
1

…′′′7〟・－ 、、、、ぎ

＼ Data

Y X

■＼　　J　・ノ＼、＿＿．．／／　■・

∠」x △x
■、＿＿一′へ＿＿＿／、・、、＿．ノ＞＼　J

Figt肌3・4‥ADynamicShifthterval（2）
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Onthecontrary，SuPPOSemOStOfotherdatacannotbeidentified，thenthese

unidentifiedda・taW弘1providea9ewitha・Smal1SCF・Therefore，thedynamic

Shiftintervalfora9emaybecomenarrowerthan△a9e・Withthesamemember－

Shipfunction，thedegreeofident軸nga9ewi11vaRyalongthenewmembership
CnⅣeSbownin■FigⅦre3．4．

3・5　EvidenceBasedonQualitativeCorrelations

IhaNediscussedthatthevaluesofSC彗determines．theshiftintervalofdi，
tha・tiB，SC彗detemineshowwidelydiisallowedtoshift．Thewiderth。Shift

interval，themoreeasilydiisidentified・Therefore，SC・薫providesconfirmatOry
Ordisconfirma・tOryevidenceforidentifyingdi．

3．5．1　De丘nition

De危n祉ion3・5Co頑mめ叩鋸deれCeかm‘如勉励eComJ加わ耶：ヴ勾一
乃αm盲cβ九研れねmαgげαn血α仇和ね血ね如mあec∂me川盲der娩α乃娩e血乃血rd

ル㍊yr如乃あyc¢那盲deわ喝鮎叩助α励eco汀egα放れ∫αm叩re如ed血ね，侮乃

伽曾むd加α励ec¢mJα如乃叩0戯eco頑mめ叩e甘塩de乃Ceか盲地坪γef如侮言乃－

De魚血ion3・6β毎co頑mαわ叩β扇血ceかm如肋ぬe仇m加加古：〝和一
れαm壷cざん埴豆乃ね叩αJ扉α乃豆乃αCC肌ね血ね地mるecomeタ乃α汀0ひeγf反れ兢e血乃＿

血rd舟影yr印加あyco那盲ぬれタ統e9uα紬吏veco汀e～α如乃ざαm叩re払dぬα，

琉eれ兢e9Vα肋励ecomね如憬門地ゐco頑mαね叩eγ壱血ceノbr豆乃士叩柁放吟
娩e盲乃αCCむmね血ね如m．

IftheSC彗ofdiisgreaterthaAaCertainvalue，thentherelateddatat。ndt。

SuPpOrtdi・Asaresult，thedynamicshiftintervalofdibecomesgreatertha，nthe

StandardfuzzyreglOn・andcon負matoryevidenceisprovidedforinterpretingdi；

Otherwise7iftheSCF；ofdiissmal1erthanthecertainvalue，thentherelated

daねtendnottosupportdi・Asa，reSult7thedynamic＄hiftintervalofdibecomes

narrower，anddisco血matoryevidenceisprovidedforinterpretingdt・
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3・5・2　Example

TheexampleshowninSection3・4・2actuallyindicatesthecon丘rma・tOryaJld

disconfirmatoryevidencegotfromqualitativecorrelationsamongrelateddata．

InthissectionIIdiscusstheinfrasedspectmminterpretationaBa，nOtherexample・

Pa・rtialcomponentCH3uSuallycrea・teSnumerOuSPeaksinchdingastrong

Peakloca・tedat2960cm－1・Beca・uSethepeaksofCH30nrealizl丘aredspectraare

alwaysinaccurate，e＄pCCiallyinthecaseofC為beizlgCOntainedbyacompound

togetherwithpartialcomponentOH7COandBenzene－rin9，SPeCtrOSCOPists

usual1yconsiderthepeakBOfCH3Witharegioninsteadoftheexactlocations．

Forexample，peaksin2960土20cm－1canallbeviewedasthepea．ksofCH3．
Givingaregionforaninaccuratedata，itemissimi1artothetreatmentofthe

Valuesinfuzzylogic，butcontainscompletelydi庁erentmeanlngS．Spectroscopists

determinetheregionbasedonstaticinformation，butmodi＆itdynamical1y．

SinceCH3CanCreatemanypeabbesidesthata・t2960cm－1，thequalita－

tivecorrelationsamongthepeakscreatedbyCH3Canbeusedasconfirmatofy

evidencetoenhancetheinterpreta・tionofthepeaka・t2960cm－1，OraSdiscon一

触ma・tOryeVidencetodepresstheinterpretationofthepeak・Forexample，if
theSCFte皿dstosllPpOrttheidentificationofthepeak，thezlthedynamicshift

interv由oftbepeakw山becomegTeate一也an20cm‾1．Asares叫peakswhich

CannOtbeidezlti£edbeforemaybeidenti丘ed・Simi1aJly，iftheSCFtendsnot

tosupporttheidentificationofthepeak）thenthedynamicshiftintervalofthe

peakwinbecomesmal1erthan20cm－1・Asaresult，thepeakswhichcanbe
identi丘edbeforemaybeconsideredagaln・

3・6　Summary

Iputforwardseveralnewconcept5intbiscbapter，inchdingreJαねdd叫9む成一

ね励ecomJα如れざαmO乃タrehねd血ね，叩pOれco（郷c豆eれf伽c如叫dyれαm豆cざ坤

わね叩¢ちcoゆmαね叩e扇de花Ceanddねco†ポmαfo叩eV昆eれCe．

Foreachconcept〉Igavecorrespondingexamplesandde七ai1eddiscussionin

Ofdcrforrea．dersto11nderstazldthem．

TheseconceptsaReuSed，andplayimporta・ntrOles〉inthe＿methodstobe

PreSeZltedinthefo1lowingchapters．

Withtheseconceptsahdexamples）Itriedtoexplaintheintuitionbehindthe
researcb．

Thefirstconceptisrelateddatawhichisbasedonthephenome皿OIlthatdata

ina・dataBetarerarelycompletelyindependent・Forexample，aSetOfdatamay
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de5CribethesameObject，Orrefertothesamebehavior．Thesecondconceptis
qualitalivecoTTYlationsamon9relateddatawhichmeansthatrelateddatai皿a．

datasetmayqualitativelyenhanceordepresseachother・Forexa・mple，relaied

da・ta・ShouldbesimultaneOuSlypresentorabsentin，general）SOifmostofthere－
1ateddaia・ha・Vebeencompletelyidenti負ed，theywinenhanCetheidentificationof

ther由t・Thethirdconceptissupportcoq伊cienthnctionwhichehablequalita，

tivecorrelationsamongrelateddatatoberepresentedandcalculated．Thefourth

COnCePtisdynamics坤intervalwhichrepresentsthedyna．micregionthatan
inaccuratedataitemmayshift・Itisnotastaticregion，butvariesdynamical1y
alongwithqualitativecorrelationsamongrela．teddaね．Themoreよninaccurate

data・itemissuppoftedbyitsrela・teddata・Ithewiderthedynamicshiftinterval

Shouldbe・Thela5ttWOCOnCePtSareCO頑rmatoryevidenceanddisco頑rrnatory
evidence・ThecentralideaofthereseaJChisonthebaBisofthesetwoconcepts，

thatis，tOuSequalita・tivecorrelationsamongrelateddata・a5COn丘rmatoryor

discon鮎matoryevidencetointerpretinaccurateda，ta．
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Chapter4

QualitativeInterpretationof
Inaccurate Data

Inthischa・pter，Iintroduceamethodforqualitativelyinterpretinginaccurate

data，ThefundamentalsofthemethodareconceptsintroducedinCha・pter3，

aAdthecentralideaistoextract）repre＄entandu8ethequalitativecorrelations

amongrelateddataaBCOnfirma・tOryOrdi5COnfimatoryevidence．

4．1　Introduction

Iusepredicate“di＠Fi”toexpressthatdipOSSibly（qualitatively）belongsto卑，

Wheredii8amea・Sureddataitem，aDdBii8a・8etOfreferencevalues．AndIu＄e

Predicate“卑◎MD”toexpressthatRjPOSSibly（qualitatively）belongstoMD，
WhereMDisasetofmeasureddata．

Predicate“di＠Ri”and”句◎MD”a・retWOeSSentialqualita．tivepredicates

intheresearch・“di＠Ri”providesa・logicframeworkforinterpretinga＄ingle

inacmratedata・itemonthebasisofqualita・tivecorrela・tionsamongrelaieddata，

and化Ri◎MDHprovidesalogicframeworkfofinterpretingasetofinaccurate

dataonthebasisofqualitativecorrelationsamongrelateddata．

Thevaluesof㍑di◎R5nanduRi＠MDnaredeterminedbyconsideringquali－

tativecorrelationsamongfelateddata，Whichdi鮎rsthemethod打onfuzzylogic

andothermethodsinthefo1lowingtwoaBpeCtS：

1・Determiningthevalueofpredicate”di＠1U’（i．eりhterpretizlginacctlrate

dataitemdi）isnotonlybaBedonthecalcllhtionofdi，butalsobaBed

Onthecalculationoftherelateddataofdi，5inceqllalitativecorrelations

31
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amongrelateddata・CanprOvidemoreimportantevidenceofinterprethg

inaccuratedatainsomecases・Simi1arly7determimizlgthevaltleOfpredicate

“句◎MD”（i・e・，interpretingasetofinaccurated血Rj）isnotonlybased

Onthec山c山ationof月ブ）eitber；

2・Dynamicinformationcanbeproperlyusedindeterminingthevaluesof

predicate“di＠句’’aJldpredicate“句◎MD”．Ininterpretinginaccurate

data，qualitativecorrelationsamongrela・teddataareextractedandused，

andtheshiftinterva・lsforinaJCCura・teda・taaredynamical1ycalc山atedon

thebaBisofqualitativecorrelationsamongrelateddata・

Inthischa・Pter）Ipresentthemethodwithanemphasisontherealizationof

thesetwopredicates・Fir5t，Idiscusshowtodefin？anddeterminethevalueof

predicateHdi＠Rj‖，andizltrOduceaprocedureforreali血gtheprediqate・Then，

Idiscu＄Showtodefinea・nddeterminethevalueofpredicate・＝Rj◎MD＝】and

introducea・prOCedureforrealizingthepredica・te・Final1y，Ipresentthemethod

WiththeformOfanalgorithm・Ⅰalsodiscu55andanalyzetheapplica・bilityand

COmplexityofthealgoritbm．

4・2　Predicate仏di＠Rj））

Whendiisaccurat声，“di＠卑”isequalto“di∈Ri”．Ifthereisa．refbrencevalue

in句Wh血加打eSpOmdstodルe・，γブ，∈句andγみ＝現，tbend‘◎卑＝r．If

thereisnoreferencevaluecorrespondingtodi，then鏡◎句＝F．

When名isi皿∝CⅥrate，however，itisnotsⅦreWhetberγみCOrreSpOnd5tOみ

hthisca5e，“di＠Ri”meanstlla・tdiPOSSibly（qua艮ta，tively）belongsto旦わOrin

Otherwords，rj，pOSSibly（qualitatively）correspondstodi・Thevalueof“di＠町，
isnotTorF，butthepos＄ibilityof“rj，＝di”or“di∈R；，・

IhaNediscussedthat仙eidezltityofqllalitativeibattlreSismuchmorerobust

andreliablethanquaZltitativesimi1arityorclo8eneSSinmanyca＄eS・Ihavealso

disctlSSedthahqualitaiivecorrelationsamongrelateddatacanleadtoevidence

払「地eidentityof叩ahtativefea如e5hdia酔OSisorinterpretation・Soifγふ
（ri，∈Rj）isas＄tlmedtocorrespondtodi，andtherearem－1referencevalue5

（i・e・，rjl，rj，，・・・，rj，＿1，ri，十1，・・・，rjn）relatedtorj，，theneachofthem－1re知ence

Vahessbo山dcorrespondtoacertahdataitemi皿〟β，皿d比em－1da七a
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itemsinMDaReahorehtedtoeachother・TLerefore，qualitativecorreLations
bctweendianditsm－1relateddataitemsizIMDshouldbec。nSidered．

Themethodfirstdetemiesthepossibihtyof“㌦＝di”bycalculatingthe

Simi1arityorclosenessbetweenrjpaJlddiaSthesameasconventionalfuzzy
methods，thencomsidersqualitativecorrelationsamongrelateddatatoobtain
evidemceforupda・tingthepossibnity・Whenthequalitativecorrelationsshow

thattherehteddatasupport＝rjp＝di叩，thepossibilityofqrjp＝di”wi11increaBe・

Whenthequalitaiivecorrelation＄ShowthattherelateddataPdonot引1ppOrt

㍑り，＝diH，thepossibilitywi11decrease・

4・2・1DefiningSupportCoeBicientFlmction

SupposerんCOrreSPOnd8tOdt，Whereri曾∈Rnandd土∈MD・Becauserjp∈Rj）

rj曾isrelatedtorjp，anddtisrehtedtodi・AsIhavediscussed）thequalita．

tivecorrelationbetw示ndianddtmeansthatifd重eXists，thendiisenhanced；

Otherwise，dii＄depressed．

Firgt，IdefinethequalitativecorrelationbetweentworeLateddataitems，dt
and4，舶：

q（あ）＝

1ifd．canbefoundfromMDwhichsaiisfies：

γん一屯≦量≦γj。＋も
Oifd亡CannOtbefotlnd鉦omMDwiichsa．tis五es‥

γムーも≦量≦γん＋も

Wheredoisastandardfuzzyintervalofinacc甘ratedaia，andci（dl）expressesthe

qualitativecorrelationbetweendianddi・Ci（dt）＝1meanSthatdiisenhancedby

itsrela・teddataitemdtsincedlCaJlbefoundfromthemeasureddaltaBet，and
Ci（dt）＝OmeansthaldiisdepressedbydfSinceitcan．notbefound丘omthe

measureddataLSet・Thedefinitionofc．（dl）issimplybasedon■thecon扇deration

thatifadaAaitemisidenti丘ed，thenthedataitemwi11supportitsrehteddata

items（i・e・，thecoexistizlgdataitems）．

Asthereademre知encevaluesinRi，thesupportcoe伍cientfunctionSCF；

O一重cむ‖光de血dontheb血ofc湖）（t＝1，2，．‥，m，f≠盲）‥

斗＿－●吾＝
1＋∑芸1牌q（名）

m



34 CだAPT毘R4．QmmmmmTTOⅣ

Whcre（1）S0月expre胱SthetotalquaLtaAivecorrelationsbetweendiandall

Ofitsre加d血ta・hoth訂WOr由，∫叩re丑e由比esuppo山00誠dentofγん
00r一朗匹ndhgtodi；（2）0＜gC薫≦1．

∬m＝1，仙en5■C蔦＝1．Wb弧m＞1，ぶC月払htbe血edm伝ot。tbe
ntmberoftherelateddata・WhichnaybeidentifiedfromMD．

4・2・2　DeterⅡ血血gDynamicShifthterval

SupposedoisastandardfuzzyizlterValofinacctmtedata，thedyn血icshift
intervalofdiCanbedefinedonthebasisofSC彗as：

△4＝
（2m－1）も

×βCf；

Wb椚（1）△4旺preS摘h細山∝C即ated‘お山owd；（2）0＜△銑＜2む弧d
（3）△魂b山地e血edratiotoβC札

Hm＝1・thenSCF；＝1，aAd△di＝do・hotherwords，Whenqualita＾ive

COrrehtionsamongda・ta・aJenOthownaPri0ri，SC彗＝1and△di＝d。．h

thiscaBe，themethoddegenera・teStOalCOnVentionalfuzzymethod．

Whcnmisfixed，themorethereLatedda＾a・aJeidentiSedlthegreaterthe

gC札tb併efbrethegreate一也e△ヰ・m弧∫C月払鮎d，△鳴depend50ntb。
nnmb併Ofrektddata．

取ble4・1Bhowstherelationamong△di，mandSC肴

△鳴 m

1 10　　　50　　　100　　　500　　1000

Jこ．
1

0．8

βC彗　0．5

0．3

0．1

1・9000も1．9800d。

1・5200d。1．58朝d。
0・9500d。0．錮囲も

0・5700も　0．5940d。
0・1900d。0．1980d。

1・錮00も1・錮80d。1．錮錮も
1・5920d。1．5984も1．5992d。
0・錮∽も　0．鍋銅も　0．鍋95d。
0・5970d。0．5994d。0．5997d。

0・1990も　0．1998d。0．1999（Z。／

Table4・1‥Monamong△鴎，mand5■C彗
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Thefonowingpropertiescanbcdrawnfromtheabovefomulas．

Properけ4・1‥椚焼払eβαmm，兢em仇erぬねd血ねα作詞∽榔ed，娩e

gr飽ねr妨e∫C薫；0仏e門〃鴎銑e郡山kr娩eβCみ

Property4・2‥耶娩伽βαmem，娩eタr飽ねγ娩e5■C札兢e町eαま訂娩e△み九

0銑訂ひOnね，伽汀m払ereね混血ね柳威，妨emo柁W揖egy鶴ねdわびd
J・＝Jl折．

Properけ4・3‥耶娩鮎ざ¢棚方C軋鮎タれ氾お伽m，鮎g田方△恒αわがαわ喝
扇班m・九0娩訂抑ゐ，兢e画板乃肌お扉柁ねねd血ね，伽Jeβ∂α威喝Je
柁ねねd加ゎ豆ねm00乃年齢cfみ

Property4・2andProperty4・3areillustratedimFigure4・1・

2d

△dl
d

∫巧＝1

∫巧＝0・5

∫C雪＝0．1

∫巧＝0・3

Fi脚e4・1：△4vermm而tbD撤胱nt∫C昂

ThefouowingpropertiescaA8血obedrawn正omtheabovefornulas．

Pmpe雨y4・吏△毎ね血Ⅷ物卯聯血加dわ別雄．乃e古物eね叩柑gね，〝
卯氾ねr銑α乃J・古，ぴんね九m那．娩α£△琉h氾摘yd甲emね∽gC凡
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Property4・5‥Aわ喝血塊加ゎcr餌eq′m，伽β毎e玩cn那郎γ叩殉九勒．

九0肋ひmね′△名物emね∽伽乃那m紡げ加代払混血ねび九ねゐ叩p雨量，
相続er加乃鮎ねねg乃肌k扉陀仏ねd血ね．

Property4・4andProperty4・5areillustratedinFiglm4・2・

2do

do

0

di

m…100　　／

／
／よ2

＼

m＝10

0

SCFl

Fi卯re孔2：△名vers那∫C苫前thDi肋entm

4・2・3・CalculatingValueofPredicate㍑di＠Rj”

mev山eof“魂◎句”k叩dtothepo戚bihtyof“γみ＝鳴”，Wh椚量∈〟か，

rj．∈句，anddiCOrreSpOndstorh・Thevalueof“di＠Rj”cazlbecalcula．tedby
mg地e氏〉uOWhgfbm血

ハ＝1＿聖⊥
△量

Wbere（1）l屯－γふIme∽tberddkね皿∝betw朗nd‘弧dγみ；（2）△量mea刀眉

themiundistanCebetweendiandrjpWhichisdynamical1ydeterminedby
gC彗；弧d（3）拘≦1．



j
l

4・2・ヱR且以CA7官職◎句”

Ataglance，therepresentationof〝flookshkethemembershipdegree

“rj・－△di≦di≦rjp＋△di”infuzzylogic・However，thememigisconpletely

肋ent，Since△diisneitherprovidedbydomiexpertsnordeteminedby
quantitaAivesimi1arityorcloseness・Here△diisdetemiedonthebasisofqual－

itativecorrelation＄anOngrelateddata・Whenqualitativecorrehtionsamong

rek混血ね猥nOt∽戚de叫△屯kも，弧dtbepo滅bi翫ykl一旦許・
Withtheconsiderationofqualitativecorrehtions，thepossibutyisupdated．

：一一子ー

－＿妄竺コ

Fi卯朋4・3：Vaheof“琉◎月√ve一別遁Ⅵ五0那△鳴

Twonewpropertiescanbedrawnfromtheaboveformulaforcalculati軋g

hoperけ4・6：耶仇鮎ざα昭島，鮎夕闇知伽△銑，侮タⅧ知鮎擁．九0娩訂

仙）通，鮎祓汀娩e伽αmねざ坤れね和魂伽夕偶如鮎γ血e扉塙◎句”．
凡椚適才y，ゲ△昭′≧△昭≧△琉，班∽d′≧d≧拘．
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Property4・7‥∫C昂pmγ盲de∫卯和地如eeu盲de乃Cり♭rαC呵如gorr¢ec肋gd言

α5γか血ce班毎盲乃伽d左門Cf和f憂0わ△鶴，αれd△銑由れ銑ed左門C土用加わ
gC彗．

Pfoperty4・6andProperty4・7areilhstra・tedizIFigure4・3・

4・2・4　ProcedⅦredi◎卑

Thea・boveprocessofcalcula・tingthevalueof以di◎R5ninSection4・2・1toSection

4・2・3caJlbeexpressedbythefo1lowingprocedure．

Procedl甘edi◎卑

βeJec巧，′γOm句；

βC書＝0；

け琉＝γみ（
∫C彗＝1；

鐘＝1；

）

egβe†

′〝eα亡んγ力∈月川＝1，‥・，m，J≠p）（

CαJmJαねq（dt）；

gC彗＝βC昂＋q（df）；

）

∫C書＝（1＋∫C書）／m；

△名＝d。×∫C薫×（2m－1）／m；

擁＝トId盲－γみけ△量；

）

げ拘＞0

γeねγ几拘；

eJβe

γeねγ几ⅣJエ

endprocedlue

htheprocedure，dlStandsforthedataiteminMDwhichcorrespondstorjl・
Whendi．Canbeidenti五edwithacertainpos5ibility（i．e．，Pi＞0），theprocedure

retumsthevalueoflLi（“FLi＞0”mean5“r）；Otherwise，theprocedurereturnS

ダ．
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4・3■アRE上汁CATE甥ブ◎〟β”

4・3　Predicate㍑Rj＠MD竹

W鮎皿几兄上k鋸㍊mte，“句◎〟か”か叩血や“句⊂〟β”，Wb即e月，ka
引魂ofreferencevalues）aJldMDisa set ofmeasureddata．Ifallofthem

referencevaluesinRjCanbeidentifiedfromMD，thenRi◎おD＝T；Otherwise
卑◎〟β＝ダ．

WhenMDis・inamate，however，HRj＠MDわmeansthatRjispo8Sibly

（q血itativdy）asnktqf〟β・Thev血eof“卑◎〟か”knot7Torダ，buttb。

POSSib揖tytha・tal1thereferencevaluesinRjCanbeidentifiedfromMD．

4・3・1CalculatingⅥ血eofPredicate以Rj＠MD舛

Thevalueof“Rj＠MD”isequaltothepossibihtyof“句⊂MD”．Supposethere

aRemreftrencevaluesinRj，thevalueof“R）＠MD”re負ectsthepossibilitiesof

劇ortbemr曲r弧托Ⅴ血飴behgidenti丘d．

Pl，P2，…　and侮Canberespectivelycalculatedbyuslngthealgorithm

pre朗ntedinSedion4・2・4・Ⅳ拘＞0（J＝1，2，…，m），tben旦，Canbereg祝deda5

a・SubsetofMDwithacertainpossibihty・Letsl）S2I…】andsnbethepriorities

OfthereLbrencevaluesin句whichareusual1ydeterminedbydomainexperts，
七山mtbe血ueof“句◎〟β”c弧hdc血tedb揖edon仙恥．．．，弧d侮by
mgthefollowhg払m山乱

句◎〟刀＝
∑毘1βJX拘

∑毘1βJ

W血ere（1）βJ＞0；弧d（2）抑＞0．

Tbmostproblems，Sl，82，…　andsmarethesame・Tosomeproblems，

however，theremaybeapnoritychainamongrelatedda・taL Forexample，in

infraredspectruminterpretation，thepeakBOfCH3inhequencysection2800

Cm－1to3000cm－1a代mOredistinctthanitspeaksekewhere・Therefore，the

Peaksinthissectionarepnortothoselocatedinothersections．Intheca紀Of

problemswheresoznedataarepriortoothers？Sl，S2，・・・ands，nrePreSentthe

pdodtiesoftbedぬ

4・3・2　Procedure卑＠〟刀

Suppose擁haBbeencalculatedbyusingpmcedlDe郎喝，thenthepT）CeSS
Ofcalculatingthevalueof“句◎MD”canbeexpressedbythefo1lowingslmPle

procd甘re．
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Procedl汀ejち◎〟β

P＝βiX匪；

g＝βi；

J〝J＝1ねm（g≠p）‡

川＝名◎卑；

盲J〝J＞0（

ア＝＝ア＋βJX抑；

∫＝g＋∫J；

）

eJ舵†

P＝0；

e∬衰；

）

）

去JP＞0

γeねγ乃タ／β；

eJβe

γeねγ乃〃∫エ

endprocedlⅣe

htheprocedureId18tand5forthedataiteminMDwhichcorrespondsto
rjl・WhenRiCa・nbeident■iBedaBaSubsetofMDwitllaCertainpossibihty

（i・elP／勒theproce山一ereturn8沌evd厄eofj⊃／∫（“ア／g＞0”means‘T”）；
Otherwi8e，tlleprOCedureret11rnSF．

4・4　Algorithmfor QualitativelyInterpretIn－
accurate Data

hthi88eCtion，Ⅰ丘rstpresentthemethodforinterpretinglnaCCurateda・tabaBed

O皿qualitativecbrrelationsa・mOngrelatedda・ta・withthefomofalgorith皿，then

Idiscussandana，1yzethealgorithm．′

4・4・1Algorit血m

Igivethefo1lowizlgalgorithmforinterpreting／analyzingmeaBureddaねbasedon

PrOCedlDedi◎Ria・ndprocedureR］＠MD・Whenmea5ureddataasenotaccu－



4．4．A上′GO乱打首相

．≡

l

貞

「

i≡

rate，thealgoritlmcanidentifyinaccuratedataitemsbyconsideringqualitaiive
COrrelationsamongrelateddata．

Algorithm〟αた叫クーQ％αJ如めe一方膵0〃ほβeβ

J〃（〟β）＝¢；

J〝盲＝1to71‡

J〝ブ＝1toた（

P（月カ＝0；

げd‘◎句（盲・e・，Procedl汀edt◎句）

盲J句◎〝β（i・eりProcedlⅣe句◎〟β）（

月j→エⅣ（〟β）；

ク（句）＝句◎〟β；
）

e几d盲J

e71dけ
）

e几d′併

）

e71dJ〝

endalgorithm

hthcalgorithm，P（Fi）representstlleValueof“Ri＠MD”．Thealgoritlm

i＄aCtual1ytherealizationofthelogicexpression：（d．＠Ri，Rj＠MD）⇒（Rj∈

IN（MD）IwhichhasbeendiscussedinChapter2．

4・4．2　An山ysi5

Idi5CnSS弧danalyze仏ealgoritbminthe女心owi皿gtWOa叩eCt5‥

1・Validiiyqflheaborithm：PThealgorithmusesqualita．tivecorrelationsamong

relateddataaBCOnfirmatoryordisconfirmatoryevidence・Ingeneral，data

ina・dataBetarerarelycompletelyindependent，8Oqualita・tivecorrelations

amongrelateddatacazlalwav＄beextracted，rePreSentedandusedwiththe

algorithm・Inthespecificcasestha・tqualitaiivecorrelationsamOngrela・ted

data・a・renOtknownapnori】thealgorithmdegeneratestoa・tra・ditional
知名町metbod；



42 C月AP7苫R4．QmエJmT7VEJⅣT思RPR且m770Ⅳ

2・Cbmplecityqftheaborithm：Foreachmeasureddaia，itemizLMD（MD
＝・idl，d2，…，dn）），thealgorithmsearchesW（W＝（Rl，R2，．．．，Rh））

OnCe・Foreach句（卑＝（rかrj”・・・，rjれ‡），thealgorithmchecksothern－1

meaBureddataitemsformtime＄，andotherm－1reftrencevaluesforn

times・Therefore，WithblindseaJCh，thentlmberofoperationsisabout（at

WOr5t）：乃×た×【mx（乃－1）＋乃×（m－1）】＝（2m－1）た几2一加肌Since

kandmaretwoconstant8，thecomplexityofthealgorithmisO（n2）．

4．5　Disc11SSiom

Intheabovesectionsofthischapter，amethodforinterpretinglnaCCurateda．ta

byconsideringqualitativecorrela・tionsamongrelateddata・aSCOnfirma・tOryOr

disconfirma・tOryeVidencewaBprOPOSed・Inthissection，Idiscussthemethodin
moredeta，il．

4．5．1IntⅦition

Theintuitionbehindthemethodcanbesummarizedinthefollowingthreeas－
pects．

1・TheidcaisverycommonizlhumaJLthinking・Whenal1data・eXCePtblood
Pre58ureOfapatient＄howthatthepatienthaBaCertaindisease，WeWOuld

na・turallysuspectthatthebloodpressureofthepatientwaBizlaJCCurately

entered・Simi1a・rly，Whenal1pea・ksexceptoneindica・tethatapartialcom－

POnCntispresent，WeWOuldnatural1ysuspectthat・theunmaichedpeakwaB

inaccuratelymeaBtlredorthepeakwaBa蝕ctedbynoiseorsomethingelse・
Ifaccepta・blesolutiomscanbemadebyassumlnga・nina・CCuratedata．item

tobeareferencevaluebasedonqualitativecorrelationsbetweenthedata，

itemanditsrelateddata，theinacctlratedataitemmaybecompensated

andhenceidentified；

2・InpraJ＝ticalproblems，theideaiscommonlyus占dbydomainexpertswhen

inaccuracyoccurs・hinfraredspectruminterpreta七ion，forexample，SPeC－

troscopistsffequentlyusethequahtativea・nalysislike

ガ仇ereぬαβ如乃gpeαたαrOW乃dβ即β一夕Jββcm‾1，肪eれ払ew乃一一

触○肌呼eCfmmmαyあeクα摘αJgycreαfedわyわeれZeγもe－γ如β－－

C九ecたク印加αrO視れdJβJβ，JJ∂β∽d叩β一郎ロcm‾1ゎmα加ざ祝re
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扇乃Ce¢わe71Ze氾eイ3乃タmαyんαγe O仇erpeα加古ゐeγeα王統eβαme

舌壱me．Or

〝fんere盲ざdgん叩クeαた慮れβタ〃－gタββcれ‾1，α乃d兢epeαたぎαγ0Ⅶ乃d

J∫〟－Jβββm‾1加た臨書ん叩eαたぎ可Cβ，兢e乃兢叩eαたわクタ古β－

gタββm‾1盲ざ兢eみねあe娩epeαた扉C坑eγe乃び古土ね乃8f∫如乃タ．

SoifspectraldataaJeinaccurate（i．e．，SOmemea5uredpeakslooklikebut

arenotexaJ：tlythesameasreftrencepeaks），COnSideringqualitativecorre－

1a・tionsamongrelateddatamauleadtoqualitativeevidencefortheiden－

tifica・tionofinaccurateda・ta・Forexample）SupPOSethestrengthofa・Pea，k

isslightlyd脇rentftomthereftrencevalue，butboththeffequencyand
ShapeofthepeakarethesameaBthereftrencevaltleS）thenthestrength

Ofthepeakmaustillbeidentifiedsincebothofit8relateddatalffequency

andshape，SuPpOrtit・Simi1arly，ifpeaksatlowfrequencysection＄a，re

inaccura・te，COnSideringrelatedpeaksathighfrequencysectionsmauhelp
identi和tIleSepeaks；

3・Thequalitativecorrelationsamo皿grela・teddataaresimila．rtoevidenceof

inference，andidentifyingamina・CCura・teda・ta．itemissimila．rtomakinghy－
pothesesofinfbrence・Soto丘ndqualitativecorrelationsamongrela．teddata，

isactual1ytoseaJChforevidenceforhypotheses†andtopropa・ga・teprOba．－

bilitiesoninferencenetworks・Thesimi1aridea・hasbeenwidelyaJCCePted
inevidencetheoryandprobabilisticrea占Oning・However，thedi鮎rencelies

inthattheproposedmethoddynamicallycalculatesthevaluesof“di＠町，

and㍑Rj＠MDn，SOitdoesnotneedmanyassumptionsinadvance，andca，n

avoidinconsistencyinknowledgeandda・tabaBeSaBWell・Concemingthis
poizlt，mOredescriptionsaJeaNai1ablei皿thefouowingchapter・

4・5・2　Applicability

Datainadatasetarerarelycompletelyindependentingeneral，SOqualita，tive

COrrelation5amOngrela・teddatacanalw町SbeusedasevidenceofizlterPreting
inaccura・tedata・・Therefore†themethodcanbeappliedtomany8Cienceand
engl皿eenngprOblems・

Forexa・mPle，ininftaRedspectruminterpretatiozl）da・ta・COnCernlnga・＄1ngle

Pea・k（i・e・，theLfequencyposition，StreZlgthandwidthofthepeak）arerela．tedto

ea血other・IfoneofthemcaJlnOtbeidenti丘edduetoitsinaccur∝y，butalloth－

erscanbecompletelyidentifiedIthentheina・CCuratedataitemmaybe＄uPPOrted
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a・ndcompensa・ted，SincerelateddatashouldbepresentorabsentsimultaneotlSly・

Themoretherela・teddatasupporttheinaccuratedataitem，themoreitiscom－

PenSated・Analogously，dataconcemingthepatternofapaRtialcomponent（i．e．，
thepeakscreatedbythepartialcomponcnt）arealsorelatedtoeachother．If

Onepeakcannotbeidenti鮎dduetoitsinaccuracy，butallotherpeakscanbe

COmPletelyidentified）thentheinaccuratepeakmaybeco皿penSatedandhence
identi丘ed．

ThemethodcanbeeasilyemployedtosoIvetheproblem＄SuChaBhfrared

SpeCtruminterpretation・Asamatteroffact，IhavedonemaJlyeXPerimentson

applyingthcmethodtotheproblemofinfhred＄PeCtruminterpretati6n．Later

inCha・pter6，Iwillintroducetheapplicationofthemethodtotheproblen，and

glVeCOrreSPOndingexamples．

4・5・3　Comparison

Indeterminlnga・dynamicshiftintervalforaninaccuratedataitem，themethod

issimi1artofuzzymethod［Za・deh，1978］．Thedihrencesbetweenthcmethod

amdconventionalfu名石ymethodsinclude：

1・Themethoddynamical1ydetermines＄hiftintervalsfbrinaccuratedata・，

WllilefuzzyintervalsforinaJCCura・teda・ta・inconventionalfuzzymethod8are

usual1yprovidedandfixedbydomaincxpertBina・dvance・Consequently，

muchmoreinfoma・tiozLCanbeusedindetermininghowi皿a”11ratea

inaccuratedata・itemisallowedtobe；

2・Themethoddeterminesdynamicshiftintemlsonthebasisofqualitative

COrrelationsamongrela・teddata・IWhilefuzzyintervalsinconventionalfuzzy

methodsaresolelydetcrminedingeneral・Consequently，thein七erpretation

Ofinacc11ratedatacanbemorereliable．

hthecaseofproblem8Wherequalita・tivecorrelationsaJnOngrelateddata

exist，themethodisbetterthanconventionalfuzzymethod＄．hthecaBeOf

PrOblem8Wherequalitativecorrelationsamongrelatedda七a・areZIOtknowna

Priori，themethoddegeneratestoconve皿tionalfuzzymethods・

U8ingqualita・tivecorrela・tionsamozlgrela・teddata・tOde七erminethepossibility

Ofinterpretimginaccuratedata・isalittlebitsimi1aJtOuSlngevidencetotlPdate

thcprobabilitiesofhypothe5eSinBaye＄ianmethods［Duda，andetal，1977］．

Theadvadlt喝eOfthemethodovertraditionalBayesianmethodsisthatitneeds
鮎waBSumptionsinadvance）WhiletraditionalBayesianmethodsuBual1yneed
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manynumbersprovidedbydomainexpertsinadvance？SuChasthedegreethat

apleCeOfevidenceissuRicientfora・hypothesisandthedegreethatapiece

Ofevidencei5neCeSSaryforahypothesis・Iwnlfurthercomparetheuseof

qualita・tivecorrelationsamongrelatedda・ta・andtheprobabilitypropagationin
BayesianmethodsinChapter5．

4．6　S11mmary

InthischapterlIpresentedamethodforinterpretinglnaCCuratedatabycon－

Sideringqualitativecorrelationsamongrelateddataasconfirmatoryordiscon－
firmatoryevidence．

Idiscussedthewayofextra・Cting，rePreSentingandcalculatingqualitative

COrrelationsamongrelateddata，andthewayofrepresentingandcalculating
SCFofrelateddata・SCFre鮎ctsthetotalqualitativecorrela・tionsbetweenan

inaccura・teda・ta・itemanditsrelateddata・，andprovideseithercozlfirmatoryordis－

COnfirmatoryevidenceofinterpretingtheinaccuratedata・item・Then，Iproposed
anapproadtocalculatingdyna．mic＄hiftintervalsofinaccuratedatabasedon

SCFwhichdynamicanydetermineshowwideadlinaccuratedataitemisallowed

toshift，andanapproaJ：htocalculatingpossibilityofidenti＆inginaccllra．tedata．

inthedynamicshiftinterval＄・Final1y？basedonthea・bovetwoapproaches，Ipre－

8entedanalgorithmforinterpreting・1naCCuratedatabyconsideringqualita・tive

COrrelation8amOngrelateddataa占COnfirma七oryordisconfirmatoryevidence．Ⅰ

alBObrie且yaLnalyzedtheapplica・bilityandcomplexityofthealgorithm，andgaNe

thedi＄Ct188ionabouttheintuitionbehindthemethod，theapplicabilityofit，and

thecomparisonofitwithothersimi1armethods．
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PrdpagationofQualitative
Correlations

Inthischapter・Ipresentanovelmetho‾dforextracting，rePreSentingandprop－

agatingqllalitativecorrelationsamonghypothesesasconfirma・tOryOrdiscon鮎－

ma・tOryevidenceofuncertainreasonmg・Pa・r七ofthemethodisbasedonsome

extensionsofthemethodpre＄entedinChapter4・Theextensionsallowqtlalitar

tivecorrelaiionsamongrelateddatatopropagatewhichena・blethepossibilities

Ofinaccurateda・ta・bei喝interpretedtobeupdatedbyconsideringqualitative
COrrelationsamOngrelateddata・aSCOnfirmatoryordisconBrmatoryevidence．

Thefunctionoftheextendedmethodissimi1artotheproba・bilitypropagation
OnBayesia・nnetWOrks［Duda・，HaLrt，＆Nilsgon，1976］，buttheadvantagesofthe

methodareevident・First？itcanbeappliedtotheproblemswhereevidenceis

notexplicitlyglVen，OrisnotaNai1able・Second？fewernumbersandassumption＄

needtobebrovidedbydomainexpertsinadvance，Sinceboththedegreethata

pieceofevidenceenhanCeSa・hypothesis（i・e・，LSinSubjectiveBayesianMeth－

Ods）andthedegreethatapieceofevidencedoesnotenhanceahypothesis（i．e．，

LγinSubjectiveBayesianMethods）aJedynamical1ycalculatedfromqualita－
tivecorrelationsamongrelateddata・）ratherthanaJePrOVidedbydomainexpert＄．

Third，thekn0wiedgeacquisitionprocedureissimplerIandtheinconsistencyin

knowledgebasescanbeavoided，Sincemostnumbersaredynamical1ycalculated
intheinterpretingprocess，ratherthanareobtainedfromdoma・inexpertsbefore－

hand・A＄anadditionalresult，themethodcanbeusedtQqualitativelyinterpret

inaccuratesymbolicdataaswellasinacc11ratenumericaldata．

47
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5．1Introduction

Bayesianinferencehasbeenprovedtobeefrectiveforreasonlngunderuncer－

tainty，andhas′beenusedinmanyAIsystems［Dempster，1968］［Kleiter，1992］．

However，theproblemsofusingBauesianinferenceare：（1）evidencemustbe

explicitlyprovided）andtherelationbetweenevidenceandhypothesismustbe

explicitlyprovidedtoo・Unfortuna・telylinmanyca＄eS，eVidenceandtherelation

betweenevide皿Ceandhypothesisarenotalwaysavai1a・ble・haddi七ion，after

evidencehaBbeenconsideredandhypotheseshaNebeenmade，itisstillpossible

torefinethehypothesesbyusingotherknowledgeandinfomation；（2）Bayesian
inferencerequlreSmanySta・ti5ticalnumbersinadvance・Unfortunb・tely，inmany

practicalproblems，itisimpossibletoha・Veal1工川mbersprovidedbeforehand．

AlthoughsubjectiveBayesianmethodsprovideapracticalfhmeworkforuslng
Subjectivestatementsora・SSumPtionstotaketheplaceofstaiisticaldatawhen

theyareinsuiBcientorabsent，theproblemsstnlremainsincesubjectivestate一

皿entsarenota・lwaysaNai1a・bleandtheinconsistencyinknowledgebasesishard

toavoid【加da，HaJt，＆Nilsson，1976ト

Chapter4providedamethodforinterpretinglnaCCura七edatabyconsider－

ingqualitativecorrelaiionsamongrelateddata，anddiscussedtheeGectivenessof

u81ngqualitativecorrelationsamongrelateddataasconfirmatoryordiscon丘rnaT

toryevidenceininterpretinglnaCCuratedata・TheqllaIhtativecorrelationsamong

relateddataarealwaysavail血1ewithinadataset）SOthemethodisapplicable
ingene一山cぴeS．

Sincetherearequalitativecorrelaiionsamongrela・teddata，ifthepossibili－

tiesofinaccuratedatain・adataBethavebeencalculatedorprovided，thenthe

qualita・tivecorrelationsamongrelateddatamaybeusedasconfirma・tOryOrdis－
COnfirmatoryevidencetoupdatetheknownpossibilitiesofina，CCllratedata．

Inaddition，inmostcases，dataina・datasetarenumericaldata，SuChaBthe

position・Strengthandwidthofapeak，thelengthandfrequencyofasignal，
andthevoltageandcurrentintensityatanelectriccircuit．Numericalda，taare

ObjectsthaithemethodpresentedinChapter4concernS・Fromawiderscope，

however，datainadatasetmayalsobeinotherforms，SuChassymboIsand

letters・Forexample，Whenthestrengthofapea・kisconcemed，thestrengthisa

numericaldataitem・Ontheotherhand，Whenapeakisconcemed，thepeakis
asymbolicdataitem．Similarly，aletterinaworda．ndawordinasentenceare
bothsymbolicdataitems．

Nomatterwhetherdataa・reinmumericalor＄ymbolicEbrITIS，therearethe

fo1lowlngpreliminariesconcernlngqualitativecorrelations：
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1・Somedataitemsina・datasetareusuallyqualitaiivelyreLatedtoeachother；

2・Therearequalitativecorrelationsamongrelateddata；

3・Qualitativecorrelationsamongrelateddatacanprovideconfimatoryor
discon丘rmatoryevidenceofinterpretinginaccuratedata：

Basedontheprehminaries，themethodpresentedinChapter4canbeex－

tendedtoa・neWfornwhichenablesqualitativecorrelationstopropa＄ateamOng

rela・tedda・ta，andatthesametime，Canbeusedtointerpretinaccuratesymbolic
dat乱

Whatismoreimportant）Onthebasisoftheextensions，a・newmethodcan
bedevelopedforuncertahreasoning・

hthefouowingsectionsofthischapter〉Ⅰ触tbrie且yintroducetheprobability
PrOpa脚tiononBayesiaJlnetWOrks，thendiscusssomeextensionsofthemeth。d

PreSentedinChapter4・Bisedontheextensions，Ipresentanovelmethodfortn－

CertainreaLSOning・Themethoda・utOmaticallyextracts，rePreSentSa血dpropagates

qualitativecorrelationsamonghypothesesasconfima・tOryOrdisconfirnatoryev－

idencetoupdatethepossib山tiesofthehypotheses・Thefunctionofpropagating

qualitaiivecorreLa・tionsazldupdatingpossibilitiesofhypothesesintheproposed

methodissimnartothefunctionofpropagatingandupdatingtheprobabilities

OfhypothesesinBayesianinference・ButunhkeBayesianinference，theproposed

methodautomatical1yobtainsandusesqllalita・tivecorrelationsamonghypo

SeSaSquahtativeevidence〉SOtheaboveproblemsofuslngBayesianinference

Canbeeasilya・VOided・IputforwaJdanewconceptcal1edqualitativecorrelations

amonghypothesesandanewconceptcal1edqualitaAivecorrelationpropa脚tion・

ThenIproposeaAalgorithmforextractingandrepresentingqualitativecorre－

1ationsa皿Onghypothesesandanalgorithmforpropagatingqualita・tivecorrelaT

tionsandupda・tingpossibihtiesofhypothesesrespectively・Afterpresentingthe

method，Ⅰgiveanexampletodemonstrateitsapplications，andcompaJeitwith

5・2　ProbabilityPropagationonBayesianNet－
works

Bayesianmethodsprovidemathematicalfundamentalsforupda・tingprobabih－

tieswithconditionalprobabihties［Dempster，1968］［Kleiter，1992］．Subjective

BayesianmethodsareprovedtobeusefulinuslngSubjectivestatementstotake
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theplaceofstatisticsofdata・Orevidencewhenstatisticalsamplesareinsu瓜cient

Orab8ent［Duda。・Hart，＆Nils紺n，1976］・Manysystem＄uSeSubjectiveBayesian

methodstohandleinaccuracyanduncertainty［Duda，andetal，1977］【Ramer＆

I皿der，199叶

SubjectiveBayesianmethodsupdateprobabuitiesbycalculatingtheproba－

bnitypropagationfortheinferencerulewiththefo1lowingform：

Jダ錘，タ（β））兢肌（g，ク岬））（エg，上Ⅳ）

where

l・EisapleCeOfevidence；

2・P（β）ktbeprobab罠けtktβktrじe；

3・gkabypothesk；

4・P（∬）臨地eprobab揖吋th出方始true；

5・LSrepresentsthedegTee＄thatEenhancesH，LS＝謂乳

6・川叩胱n七stbedegr増thatrβe止弧昭∬，エ〃＝棉・

P（E），P（H），LSandLNaxeal1providedbydomainexpertshadv弧Ce．

WhenEi80btained，P（H）isupdatedwithtwoconditionalprobabilities：

P（glβ）＝

P（勘「β）＝

エgxタ（g）

（エβ－1）タ岬）＋1

ムⅤ×タ（g）

（ムⅣ一1）タ（g）＋1

α几d

ThefinalconditionalprobabilityofHcanbecalculatedwiththefo1lowing
rormula二

戸岬l∫）＝P岬）＋
ア（glβ）一夕（ガ）

1一夕（β）
×［ア（利∫）一夕（卯

Wllere5－standsforrdevantobservations．

Theaboveprocesscanbegraphical1yrepresentedinFigllre5・1■
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P（β）

ムⅣ→・

エ．ヾ…・

〟

Figure5・1‥ProbabilityPropagation
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IfaninaccuratedataitemisviewedaBahypothesis，anditsrelateddataare

viewedaspiecesofevidezICe，thentheformofsubjectiveBayesianmethodsis

Simi1artothemethodpresentedinChapter4・However）theproblemsofuslng
SubjectiveBa，yeSianmethodsare：

1・Thedegreethatapieceofevidencesuppor七sordoesnotsupportahypoth－

esisis－determinedinadvance？therefore〉uSefuldynamicinformationcan

notbe11Sedproperly；

2・ManyaBSumPtionsandnunbersISuCh揖LSalZldLN，areneeded，therefore，

thekn0wiedgeacquisitionprocedureisverytediousingezleral；

3・Theinco皿Sistencyinkn0wiedgebasescanhardlybeavoided．

5・3　PropagationofQualitativeCorrelations

Iha”ediscussedthattherearequalitaltivecorrela・tionsa・mOngrelatedda・ta，and

thatqualitativecorrelationsamongrelateddatacanbeusedasconfirmatoryor

disconfirmatoryevidenceforinterpretinginaccura七edata・Ipresentedamethod

tocrystal1izetheuseofqualitativecorrelationsamongrelalteddataascon丘r－

matoryordisconfirmatoryevidezICeininterpretingnumericalinaccuratedata，i皿

Chapter4・Whenpossibilitiesofinaccuratedata・havebeenknown，qualitative

COrrelationsamongrelalteddatacanbeu＄edtoupdatetheknownpossibilitiesas

COn鮎matoryordi＄COnfirma・tOryeVidence・Orinotherwords〉Whenhypotheses

havebeenmadewithcorrespondingpossibilities）qualitativecorrela・tionsa・mOng

hypothesescanbeusedasevidenceofunCertainreasonlng・
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5．3．1　Two Extension5

Withthefo1lowingtwoextensions】themethodpresentedinChapter4canpropa－

gatequalitativecorrelaiionsamongrelateddataIaJldcanusequalita・tivecorrelar

tionsamongrelateddataasconfirnatoryordiscon丘matoryevidencetoiIlterpret

inaccuratesymbolicdata・Basedontheextensions，Iproposeanewmethodfor
皿Ce出血rea∽mg：

1・hChpter4）IuseddotoexpressthestandardfuzzyreglOnOfinaccurate
nunericaldata・domea・nShowmuchanumeralisallowedtoshift，andcan

actual1ybeviewedaBtheq11alitativecorrelationbetweenadataitemand

itself・TotheproblemswherethepossibilitiesofinaJmatedatahavebeen

knownandtheproblemswherethedatasetsconsistofinaccuratesymbolic
data，the q11alita．tive correlation betweenよdataiten anditselfcan be

扇ewedasl・hthe紀Ca引謂，も＝1；

2・hChapter4，Iuseddttoexpressa血inaL＝Curatedata・item】andrブptO

expressareferencevaluecorrespon4ingtodi．Then，thepossibnityofd．

bei関山terprdd揖γみk：

擁＝ト也＿1
△量

Whenthepossibilityofaninaccuratedataitemhasbeenkn0wnaSFLf，Or

diis弧haJmateSymbo辻cdataitem，“rdi－rjpl”is“1－Pf”・

5．3．2　Concep七sa皿dDefinitions

hinfbrence，hypothesesarerarelycompletelyindependent・Agroupofhyl”theT

SeSmayrefertothesameobject，i．e．，dilrerenthypothesisreferstothedi鮎rent

aspectoftheobject・Forexample，inmedicaldiagnosis，SeVeralsymptomsmay
refertothesamehypothesis，aJndseveralhypothesesmayrefertothesamedis－

eaBe・Thehypothesesrefmigtothesamediseasemayhavesomequalitative
correlations．

Duetothequalitativecorrela・tionsamonghypotheses，SOmehypothesesmay

berelatedtoeachother・Hthepossibilitiesofhypotheseshavebeencalculated

OrprOVided〉thentherelatedhypothesesmaybeuseda5COn鮎matoryordiscon一

鮎matoryevidencetoupdatetheknownpOSSibilitiesofhypotheses．
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ThefollowingconceptsaJeglVentOdefinetherelatedhypotheses，thequali－

tativecorrelationsamongrelatedhypotheses，andtheco血matoryanddiscon一

丘matoryevidence丘omthequalitativecorrelationsamongrelatedhypotheses．

De且n比ion5・1PRe払tedhypotheses：Hhypotheseshl，h2，…，andhmreJ＆tothe

gαmeOむe殉娩∽焼印00乃如かeαfd∽re払子dん脚0娩∬錯．

IuserhatoTePreSentagrOupOfrelatedhypotheses〉andtlSehi＆hjtOreP－

re5蝕tt丸山毎払rel扇dbゐブ，thenγゐα＝（毎l∀ん財（（んか∈γた。）∧（たか≠ん鳥）→
（んた＆九封）））．

Forexample）thehypothesesdescribingvarious鮎turesofa criminalare

reLatedhypothesessincetheyrefer・tothesamecriminal・∬weconsiderastring
asa瓜Object，thent血ehypothesesforal11ettersinthestringcanbeviewedas

rehtedhypotheses・Ifweconsiderasentenceasanobject，thenthehypotheses

foral1wordsinthesentencecanalsobeviewedasrelatedhypotheses．

De丘山tion5・2帥勉励ecmね露和αm叩痛α絨九脚ぬe㌫〝わ∽dち
α代加rぬねd九脚兢e5eざ召・eリわ如ブノ，仇∽鮎卯eαfpoざ扇は和好ち叩g血一

助的e戒α那eざんブ，α扇翫mdJ卯ざ劇物〆ち即和地如egyde匹βeβち．乃ね
肌げq酔cねαm叩代ねfdゐ卯0払eざ田α門∽～崗画ねf加comJα血αm叩
reねねdん卯娩朗郎．

Itmqcitorepresentthequalitativecorrelationsofh］tOhi．Thegreaterth。

possibilityofhi，themoregreatlyhtqualitativelysupportshnandthesmal1er

thepo8Sibihtyofhi，themoreweaklyitqualita・tivelysupportshj（orinother

WOrds，themoregreailyitqualitativelydepresseshj）・

Themaineifectivenessofqualitativecorrelationsamonghypothesesinclndes：

1・Greatqualitativecorrelationsimplystrongsupportamonghypotheseswhich

arerelajtedtoeachother・Thegreaierthequalitativecorrelations，the
Sはongert王IeSⅥppOrt；

2・Smal1qualitativecorrelationsimplyweal（SuPPOrtamOnghypotheseswhich

rerelatedtoead”ther（orinotherwords，Smal1qualitativecorrelations
LlmPlystrongdepressionamongrelatedhypotheses）．Thesmal1erthequal－

itativecorrelations，theweakerthesupport（orinotherwords，thesmal1er

thequ誠tative∽Ⅳektions，仏estronger仙edepre∬ion）．

ForexaJnple｝SOmeSymPtOmatichypothesessuthast占mperature，bloodpres－

Sureandpulserefertoacertaindisease・Indescribingthedisease，allofthese
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hypothesesarerelatedtoeachother・Ma・kingadefinitediagno＄isofacertムzl

diseaseforapatient，al1related hypothesesrefemngtothediseaBeShould be

COmPletelyconむmed・SoinpraJ＝tice，ifsomesymptomatichyp．othesesofapa－

tientpresageacertaindiseaBe，theotherhypothesesrelatedtothesehypotLeses

WhichreferstothediseaBea∫euSual1yrequiredtobemadeandcon鮎med．

Considertheinfta・redspectruminterpretation．Thehypothesesthat some

peaks are created by acertain partialcomponent aJe related to ea．ch other，

Becauseal1peaksthat apartialcomponent can create shouldbe present or

absentsi皿ultaneously，identifyingapartialcomponentrequiresthatal1the＄e

relate坤ypothe＄eSbemadeandconfirmed・Asaresult，maldngsomehypotheses

withgTeatpOSSibilitiesmaypromptandenhancemakingotherhypothesesthat
a，re relatedto theseones．

De丘n紙ion5・3仇m－deタ門eq′9祝α肋如ecomJα如乃βαm∽gregαねdゐ膵0がほβe5：

〝仇ereαγem－1ゐ汐0統eβeβγe払ねdわんゎ兢e乃娩e5■那m－deタreeq′す鶴αg宜ね如ecor－

reね如乃gαmOれgγe払ねd九汐0娩egegげれrぴecfg娩eわねJ9伽α吉富ね如ecor代ゎ如乃5

るe如ee乃んiα乃dαgg扉盲ねreねねdん膵0娩eβeβ．

IuseSDitOrepreSenttheSum－degreeofthequalitativecorrelationsbetween

ん1anditsrelatedbypo仏eses．

For占ⅩamPle，COnSiderthefo1lowingfourstringsagain：

（a）壱一花－¢－C－C一視－r－α－才一e

（b）盲－m－α－C－C－ひr－α－f－e

（c）宜一打レα－C－C一視一g－かf－e

（d）豆－m－α－C－ひ一言－α一書－e

（a）isacorrectword，but（b），（c）and（d）areal1spe11edwrong．Forawrong
＄pelled word，determinlngWhat aletterin the word should beis to make a

hypothesisfortheletter・Becauseal11ettersinawordrefertothesameword，

thehypothesesfortheselettersarerelatedtoeachother，andhavequalitative

COrrelationseachother・Thereisoneletter，“m”，in（b）di仔erentfromthatin（a），

＄OtheSum－degreeofqualitativecorrelationsfromotherletterswhichsupport

interpreting“m”in（b）aB“n”isquitegreat・A5a・reSult，（b）ca，nbeeasily

interpretedas（a）・Further，therearetwoletters，”m”and“l”，in（c）different

fromthosein（a）・Although（c）maγbeinterpretedas（a），theSum－degreeof

qualitativecorrelations免・OmOtherletterswhichsupportinterpreting川m‖and

“L”in（c）as“n”and“r”wouldnotbegreat，Finally，therearethreeletters，
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“m”，“C”and“l”，in（d）diGerentfromthosein（a）・Asaresult，（d）wi11haJdly

beinterpretedas（a）sincetheSum－degTeeOfqualita，tivecorrela七ionsfrom。ther

letterswhichsupportinterpretingthesethreeletterswillbeverysmal1（even

Smal1erthanthatforinterpreting（d）asword“immaculaie”）．

Theprinciplefbrde鮎血gandcalcula・tingtheSum－degreeofqualita・tivecor－

relationsamongrelatedhypothesesisthatthequalita・tivecorrelationsamong

relatedhypothesesshouldreflecttheratioofhowmanyandhowmtlChrelated
hypotIleSeSqualitativelysupporteachother．

Mymethodba5eSO皿thea・bovetwodefinitions・Themethodextractsqualita－

tivecorrelationsamongknownhypotheses）andpropaJgateSthemamozlgrelated
hypothesesasconfimatoryordiscon丘rmatoryevidence）andupdatesthepossi－

bilitiesofthehypotheses．

De丘山tion5・4C■0頑mめ呵eV壱de乃Ce♪・Om9匂α肋如eco汀eね孟加川m叩クre－

Jαfed物0触eざ：榊e乱m一極化e扉すむぬ触co汀e肋乃ざαm叩regαねdんy－
po銑eざegげ九；毎夕reαねr娩αれααγね壱花町血eタねeれ∂ydomα3乃e坪er吟娩e乃娩e

す髄α勉励ecomgαf加βαm叩ダre加ed九汐∂娩eβeざ叩V盲deco頑γmαね叩eγ壱de乃Ce

かん盲・Agαreβ蝿塊epo£ざ盲あ夏物好もm叩わcreαge．

De鱒n比ion5・5上）ぬco頑mめ叩飢壱deれCe如m9Uα払肋ecomgα如乃∫－αm叩ク

reねねdん卯0触eg：〝鮎β那m一句reeq′曾むα払如eco汀e肋乃ミαm叩re払d
九脚0肪eぶeg好ん‘ねβmα〃訂翫乃αCerね盲…血eタねe乃あydomα3乃e甲e叫£んeれ

仇e9uα払如ecom混血ざαm叩クreJαねdん卯0塊eβe叩γロγ豆deゐco頑mめ叩eγ－

宣あもCeノbr九言・A∫αreg叫伽poざざ豆み豆物〆た‘m叩dec7℃αβe．

Forexample，PartialcomponentCH3uSual1ycrea・teSnumerOuSPeakseachof

Whichshouldhaveanexactlocationoninfraredspectra・Becausethepeaksof

CH3Onrealin鮎redspectraarealwaysinaccurate，eSpeCiauythepeaklocated
a・t2900cm－1〉realpeaksoninfraredspectracannotbedirectlyidentifiedasthe

PeaksofCH3・Instead，hypothesesneedtobemadetoassumethesimi1arpeaks
tobethoseofCH3．Supposea．peaka，rOund2900cm－1isass11medtobethe

peaLkofCH3・SinceCH3CanCrealtemanypeak5besidesthatat2900cmTl，the

qualitativecorrelationsamongthehybothesesforthesepeakscrea．tedbyCH3

Canbeusedasconfirma・tOryeVidencetoenhancethehypothesisforthepea・k

around2900cmTl，OraBdiscon鮎matoryevidencetodepressthehypothesis．

ForinstanceIifotherhypothesesa111haveverygreatpossibilities，thenthese

hypothesestendtosupportthehypothesisforthepeakaround2900cm－1，and

theSum－degreeofqualitativecorrelationsamongrelatedhypothesesofthepeak

around2900cm‾1willbeverygreat・Asaresult，thepossibilityofident勒ingthe
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Peakaround2900cm「1wiuincreaBe〉tha・tis，thepossibilityofthehypothesi＄fbr

thepeakwi11beupdaiedwithagreaterone・Simi1arlyIiftherelatedhypotheses
al1havequitesmal1possibilities）thentheytendtodepressthehypothesisforthe

Peakaround2900cm－1，andtheSum－degreeof・qualitativecorrelationsamong

relatedhypothesesofthepeakwiubequitesmal1・Asaresult，thepossibilityof

identi＆ingthepeakalrOund2900cm－1willdecrease，thatis，thepossibilityof
thehypothesisforthepeakwi11beupdatedwithasmal1erone．

5・4　MethodforQualitativeCorrelationProp－
agation

lhavediscussedthattherearequalitativecorrelationsamongrelatedhypotheses，

andthatqualitativecorrelationsamongrelatedhypothesescanbepropagated

aBCOn鮎matoryordisconfirma・tOryevidenceforreasonlngunderuncertainty．In

thissection，Ipresentamethodtorealizetheuseofqualitativecorrelations

amongrelatedhypothesesaBCOn丘rmatoryordisconfirmatoryevidence・First，

Ipresentanalgorithmforextractingandrepresentingqualitativecorrelations

amonghypotheses・Then，Ipresentanothera・1gorithmforpropaJgatingqu山a－
tivecorrelationsandforupdatingthepossibihtiesofhypothes甲bypropagating
quahta・tivecorrelationsamongrelatedhypothesesascon五rmatoryordiscon鮎－
matoryevidence．

5・4・1AlgorithmforObtainingQ11alitativeCorrelations

IdescribethealgorithmforobtaizlingqualitativecorrelaJtionsamonghypotheses
withthefo1lowlngStePS．

g吻J了Gro叩如reJαねdん脚0娩eざeβ

Supposetheknownhypothesesarehl，h2，・・・，andhnwhichformahypothesis

SetH・IfsomehypothesesinHrefertothesameobject，theycanbetreatedaB

relatedhypothe＄eS・Therefore）Hi＄dividedintosomesubsets，thatis，

ガ＝（ん1，ん2，・・りんれ）＝γん1∪γ九2∪…∪γん鳥
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Whe代（1）鴫＝（毎l転∈g∧∀毎（毎∈γれ∧毎≠転→転＆転）），

（2）γち≠¢，弧d

（3）γち∩γち＝¢　or　7句∩巧≠¢，壱≠j．

蝕pgご助加ⅦC血タす祝α肋如ecm払血αm∂れg代ゎねd九押0娩eざeざ

Forea血犯b引戎Ofg，Le．，

γち＝（も1，毎2，…，ん㍍），壱＝1，2，…，克，

肌ppO紀tbecorr朗pOndiI増光tOfpos由bi批iesis

疋＝（〝㌃鴎，…，〝L），盲＝1，2，…，ゐ・

The prlnCiplefor definingthe q11autative correlation between two relaied

hypothesesisthatifthepossibnityofahypothesisisgreaterthanacertainvalue，

thenitisqualifiedtoqualitativelysupportit＄relatedhypotheses；Otherwise，it

isnotqualified・Forexample，SuppOSeO・5isgivenasthec甲tainvalue，then

攻＝〈去恕≡浩二託…：完工箆
≧0．5

wh椚曾攻＝1me揖tbat転適qⅦa止血Ⅴ如叩pOれdbyんち，弧d璃＝O
mea鮎tb扇転適notqⅥ濾ねtivdys叩pOrted．by転・

g孟甲βJCαkdαfわタ馳m－deタ陀eげ叩αg盲ね血ecm仏書血

Thereammhypothesesinrhirela・tedtoeachotherISOtheSum－degreeof

qualitativccorrelationsofh．，iscalculatedbyconsideringqcU＝1，2，…，mand

J≠p，tIlatis，

・叩：r＝
1＋∑毘1胸璃

WbereO＜βかち≦1・

SDip eXPreSSeSthetotalqualitativecorrela・tionsbetweenhipandallofits

reLa・tedhypotheses・Ⅱm＝1，thenSDip＝1・Whenm＞1，SDi，isin■the

directratiotothenumberoftherehtedhypothesesinrhiWhicharequaliAedto

qllalita，tivelysupporttheirrelatedhypotheses．
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5・4・2　Algorithmfor Propagating Qualitative CorrelaT
tions

Idescribethealgoritbmforpropagatingqualita・tivecorreLa・tionsamonghypothe－

SeStOuPdatethepossibihtiesofhypotheseswiththefo1lowingsteps・

幻epJノCαk止血gク0β刷物クr叩αタα如mカcねγ

ⅠⅦ詑鷲brepr胱nt仏epo戚bi揖ypTOpaga鮎n如もorof九り鮎皿班ofi七5

rAntedhypotheses，andcalculate鷲■byconsideringtheconhnatoryordiscon一

五mabⅣddenceob旭皿d缶om5’βち：

鷲＝
（2γ几－1）×gβら

Wb耶ββち＜鷲＜2∫刀ら・

電通htbe血血ra七iotogβち・Ⅳm＝・1，仙e皿∫βち＝1，弧d鷲＝1・h
Otherwords）WhenqualitativecorreLationsamonghypothesesaJenOtaVana・ble，

SDi，＝1and鷲＝1・ThisistheonlycaBetOWhichthemethodisnotapphca－
ble・However）inpradcalproblems）qualita・tivecorreLa・tionsamonghypotheseB

aJealwaysavana・ble，SOthemethodcanalwaysbeapplied．

m弧mis丘Ⅹd，仏eg∫組ter払enⅥmbeTOfTd扇dhypoth関田Wbid＝誠e

madewithgreatpossibilities，thegreatertheSDi，，thereforethegreaterthe母
WhenSDi，is鮎ed，鷲dependsonthenumberofreLatedhypotheses・

β孟甲gニ丹叩叩α正明印加勉励ecm払出0耶αざ作中ノcのポmわ叩e扇dm

Thepossibuityofhi，haBbeenkn0wnaSFL乙，andthepossibuitypropagation

iktorofhL，h揖beezICalculatedasPZ・Soanewpossibihtyofhi，Canbe

CalculatedwiththefouowingfomuLaafterusmgqualitativecorrehtionsamong

relatedhypothesesasconfirnatoryordisconfirma．toryevidence：

梅＝1－ヒ也
鷲

WbereO≦〝ら≦1・

ThefunctionofSDi，issimiLaRtOthefunctionofLSaJldLNinSubjective

Bayesianmethods・However，bothSDi，andj宅areautomaticallycalculated
byconsideringqualitativecorreLartionsamongrela・tedhypotheses，WhileinSub－

JeCtiveBayesianmethodsbothLSandLNareprovidedbydomAnexpertsin
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adv弧Ce・haddition，uSing鷲tocalculatepi，isalsosimi1artouslngeVidence
toupdatetheproba・bilitiesofhypotheses・However，themethodi5aPplicable

toanyproblemwherehypotheseshaNebeenmadewithcorrespondingpossibil－

ities，WhileSubjectiveBayesianmethodsareusual1yapplicabletotheproblems

WhereevidezICeandtherelationsbetweenevidenceandhypothesesareexphcitly
provided．

β孟甲βニニウ血加わタpOββ盲あ盲J立地∫扉九脚0亡んe5e∫

Forhi．∈rhi（l＝1，2，・・・，m），ifpi，eXists，thenFLi．isusedtoreplace堵・

5．5　AnExample

Idiscussthea・pplicationoftheproposedmethodthro11ghthefonowingexamPle．

Fig11re5・2showsthepeakofpartialcomponentCH3in3000cm－1to2900

Cm－1・TheaccuratepeakofCH3inthisregionshouldbeas七rongpeaklocated

a・t2960cm－1，butinthisexa・mple〉therealpeakofCH3isonlyamediumpeak
locatedat2918cm－1・Byconsideringthepea・kitself，thepossibilitythatthe

realpeakat2918cm‾1isidenti丘edasthepeakofC筏at2960cm－1isO．352

【Zb∽＆Nisbida，199叫，thati5，

脇…＝0・352・

CH3Canmainlycreate4peaks，P2960，P2870，P1460andp138。．Thesepeaksare
related to eachother．

IfCH3iscontainedbytherealinfraredspectrum，thenal1peaksofCH3

Shouldbeidentified・ThereEbre〉ifotherpeaksareal1identifiedwithgreatpos－

Sibilities†CH3isquitelikelytobecomtainedbytherealinfraredspectrum，and
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theotherpeakwi11q－1alitativelysupporttheidentificationoftheinaccuraiepeal（

at2918m－1a5tbepe濾at2960cm－1．

‾■■■■・－＼

a∝ura托peak

′■

lJ

．1I

IJ

IJ

V r血p血

l■…＝＝■＝＝＝■＝■靂

Fi卯代5．2：PeaksofC月■3

Supposethepossibilitiesofotherpeaksareobtainedwiththesamemethod：

砿，。＝0・850，砿…＝0・921α血塊∽。＝0・975・

Accordingtotheproposedmethod，theq11alitativecorrelationsbetweentwo

rela，tedpeakBaJereSpeCtivelycalculatedas：

曾窃：：：＝1，曾環㌶＝1α扇曾環㌶＝1・

nen

封ち…＝1，α扇島拍＝

巧咄朋＝1－

2〉く4－1

4

1－0．352

1．75

×1＝1．75．

＝0．629．

So

Therefore，thepossibuitytha．t therealpeakat2918cm‾1isidentifiedas

peakp29600fCH3increa5eSfromO．352toO，629duetotheq11alitativecorrelations

amongrelatedhypotheses．CH3CannOtbeidentifiedbeforesinceonemAnpeak

OfitcannotbefoundfromtherealinfraLredspectrum（i・e・，P；刑＜0・5）・After
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COnSideriⅠ唱qualitativecorrela・tionsamOngrelatedhypothesesa占COnfirmatory

evidence｝CH3Canbeidentifiedwithconsiderablygreatpossibility（i・e・，lL；，，6。＝

0・629）．

Theaboveprocessissimi1aJtOtheprobabilitypropa．gationinprobab辻istic

reasonlng・However）neitherevidencenorrelationbetweenevidenceandhy－

POthesesisrequiredbeforehand．

5．6　Discussion

hSection5・4，IpresentedazleWmethodforunCertainreasonlng・Inthissection，

Idisc11SSthepropertiesofthemethod，a，ndcompareitwit王1rela．tedwork．

5．6．1　Properties

Thefo1lowingmainpropertiesofthemethodcanbedrawn．

Property5・1：耶兢娩eざαme肌mあer扉柁gαねdゐ卯0兢eβeg，m，娩eg陀αねγ
払eれWm♭erげreJαねdん卯0娩eβeざW加∫eタロββ壱あ豆吉富≠盲e5αγegreαねr兢αれαCeγね去れ

わ血e叩γ豆dedあy血m扇乃e軍erね′f九eタ柁αねr兢eββち／0挽e門〟ぉち仇eβmαJJer
兢eβ♪ち・

Property5・2‥耶兢加古αmemノ亡んegreαfeγ兢egから，兢egγeαねγ兢e隠

Property5・3‥椚娩めeざQme5■恥，伽町eαねr娩em，f九egeββ鷲uαrぬαわ乃タ

Property5・4：耶兢鮎ざα爪印ち，亡んegγeαねr鮎鷲，兢eタγeα孟er娩e侮・

Property5・5：∫βf，アrOV血管餌α地如eco頑mめ叩Orゐco頑mαf叩eγ壱－
deれCeノbrんちβ去れCe〃－，3ざ宜乃兢ed壱γeCf相加fo鷲，α乃d鷲由豆乃才ゐed加c孟rα如

ノー－∫ハ▲－・

ThemethodcanbegraphicallyrepresentedinFigure5・3．
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Duetothepropagation－Ofqualitativecorrelationsamongrelatedhypotheses

hil，hi2，．．・，andhi仇，thepossibilityofhi，ChangesfrompちtoFLi，・

坑一－－叫，

tl・一

利ノ叫い拇、＼頭
h－1　　htユ　　　h，3　．．．軋

Figure5．3：Propa・gationofQualitativeCorTelations

5．6．2　Comparison

Thepropagationofqualitativecorrelationsamonghypothesesinthemethod

i＄SimihrtotheprobabihtypropagationinBayesialnmethods－ifweviewthe

qualitativccorrelations・amO？grelatedhypothesesaBpiecesofevidence［Duda，
弧detaユ，1977】・

hsolvingtheproblemswherequalita・tivecorrelationsamongrelatedhypothe－

sescanbeextraL：teda．ndllSed，themethodisbetterinthefo1lowlngaSPeCtS：

1．IntraditionaJIBayesia・nmethods）eVidencea・nditspr10rPrObability，hy－

pothesesandtheirpriorprobabilitieslandtherelationsbetweenevidence

andhypotheses（e．g．，LSandLN）areallprovidedandfiⅩedbydomain

expertsinadva・nCe，SOknowledgeaJCquisitionisadi伍culttask，andcon－

sequently，1nCOnSistencyca・nhardlybeavoided・htheproposedmethod・

ontheotherhand，Onlya・fewnumbersareneededina・dvanCe・Instead，

qualitativecorrelatiomsamongrelatedhypothesesa・ndmuchdynamicin－
formationareautomatical1yobtainedandpropagalted；

2．TraditionalBaye＄ianmethodsrequlrethattheevidencewhichsupportsor

depresseshypothesesbeexplicitlyprovided）andaJ・eOnlyapplica・bletothe
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problemswhere・therelationsbetweenevidenceandhypothesesareknown・

TheproposedmethodIhowever，isapplicabletotheproblemswherethe
relationsbetweenevidenceandhypothesesareunknown・aSWellasthe

problemswhere・therelationsbetweenevidenceandhypothesesareknown・

3．Insomecases，theproposedmethoddoesnotneedanyaBSumptioninad－

vance．Forexample，ininterpretinganinaccuratepeak，thepossibihty

ofthepeak，Whichcorrespondstothepriorprobabilityofahypothesisin

Bayesianmethod＄）Canbeautomatical1yobtainedbyuslngthemethodpre－

sentedinChapter4・Then，qualitativecorrelationsbetweenthei皿aCCurate

peakanditsrelatedpeaksaredirectlyusedtoupdaiethepossibility・

WhenqualitativecorrelationsamOngrelatedhypothesesareaNai1a・ble，and

asstLmptions・neCeSSaryforBayesianmethodsarehardtoobtain，theproposed
methodisbetterthantraditionalBayesia・nmethods・HoweverIWhenquali七ative

correlationsamonghypothesesaJenOtknownaprlOri，themethodisnota・pPli－

cable．Themethodisespeciallye鮎ctivetointerpretinaccuratenumericaland

symbolicdatabyconsideringqtlalitativecorrelationsamongknownhypotheses
ascon丘rmatoryoTdiscon五matoryevidence・

5．7　Summary

Inthischapter｝Ipresentedanovelmethodforpropagatingqualitativecorrela－

tionsamongrela血dhypothesesaBCOn鮎matoryordisconfirmatOryevidenceof
unCertainreasoning・Thefunctionofthemethodissimi1artotheprobability

propaga・tioninBayesianmethods・However，COmParedwithtraditionalBayesian
methods，theproposedmethodcalnbeappliedtotheproblemswhereevidence

ortherela．tionbetweenevidenceandhypothesesisnotexpucitlyglVen，Orisnot

avai1able．Inaddition，theproposedmethodneedsfewnumbersanda5SumPtions

ina．dvance．Therefore，itisquitesimple】andcaneHectivelyavoidinconsistency

inknowledgebases・Themethodisespecial1yefFectivetointerpretinaccuratenu－

merica．landsymbolicdatabyconsideringqualitativecorrelationsamOngrelated

dataasconfirmatoryordiscon丘rmatOryeVidence・
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Chapter6

Implementationand

Experiments

Ihavedevelopedakn0wiedge－basedsystemforinterpretinginfraredspectraby
applyingtheproposedmethods，andhavethorough1ytestedthesystemagaizISt
BeVeralhundredrealspectra・・Theexperi皿entalresultsshowthattheproposed

methodsaJeSignifi；antlybetterthantheconventional／methodsusedinmany

8imilarsystems．

6・1Infrared Sp．ectrumInterpretation

Theprimarytaskofinfraredspectmminterpretatioふistoidenti＆unknown

Objectsbyinterpretingtheirin缶aJedspectra，Inthischap七er，Iwillfocuson

theproblem tointerpretaiionofiⅡfraJedspectra，Ofcompoundst＿O determine

COmpOSitiomofunkn0wnCOmPOllndswithoutlossofgenerality．
InfraRedspectr11minterpretationisaverygoodtest－bedoftheresearchfor

thefo1lowingreaBOnS：

1・Interpretinginfralredspectraisaverysignifica，ntprObleminbothacademic
resealrChandind11＄trialapplication．Forexample，inchemicalscienceand

englneerlng，interpretinginfraredspectraofcompo11ndsisthemoste庁ec－

tivewavtoidentify血knowncompounds，andtoanalyzethecomposition

andpmityofcompounds【Colthup，Daly，＆Wiberley，1990］．

2・hterpretinginfraredspectraisaverydi氏cult problem．First，SpeCtral

dataarehugeinquantity，a・ndcomplexinrepresentation・Second，both

65
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Symbolic．reaBOnlngandnumericalanalysisareneededtointerpretinfraded

SpeCtraldata［Puskar，Levine，＆Lowry，1986］［Sadtler，1988］．

3・hterpretinginfraredspectra・isatypicalproblemdealingwithinaccllra．te
da，ta・SincespectraldataareofteninaJCClユrate．TheyofteIIShift蝕omtheir

theoreticalvaluesduetovariousreasons・Forexample，thefollowinglS

assertionforspectruminterpreta．tion：

乃e埴ん函9むe乃Cy阿見巾αrfぬJco叩0乃云乃舌PGねJocαねdαf軋

hpractice，however，thepeakofPCαmayirregularlyshiftaroundF；dlle

tonoiseorotherunforeseenreaBOnS．Whenthea，bovea5Sertionisu＄edto

identi＆realspectra，unCertaintyarises．

6．2　ApplyingtheProposedMethodstoInfrared

SpectrumInterpretation

hterpretinginfraJed spectrais aspecialproblem ofdia，gnOSis．Suppose the

in缶aredspectrumOfanunknowncompotlndcanbethredoldedandrepresented

aBafinitesetofpeaks（i・e・，themeasureddatasetMD）：

郎＝（pl，p2，…，恥），

Whereeverypeakconsistsofthefrequency（position）f，Strength（height）s，and
Width（shape）w，reSpeCtively：

釣＝（ん妬叫）　盲＝1，2，…，几．

BecalユSeんsiandwirefbrtothesamepeakpi，theyarerelateddata．This

iBOnekindofrelateddata・ininfra．redspectruminterpreta，tion．
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SllPpOSethereare＆zlitepartialcomponents（i・e・，referencevaluesIW）＝

クC＝（アCl，PG，…，P坑）

＝（i裾払，…，‰）lブ＝1，2，…，可

＝‡（（力〆βかWみ）座＝1，2，…，m）lブ＝1，2，…，り．

Because克，Si，aZld叫，alsorefertothesamereferencepeakpj，，theyaJre
related data．as well．

Thespectroscopickn0wiedgeforinterpretinginfra・redspectraisusual1yin

tbeformbke“如；ね印加αJわ払，偽e陀p；m叩あecreαfedあypαγfねJco叩0乃e乃f

Pq”，Where‘biiseq11altopj；’representsthatJ；，Si，andwiareequalto方，，

Sjp）andwj，reSPeCtively・

Thiskindofrela・teddatahaBthefo1lowingq11a，htativecorrelations：

1・h，SiandwiShouldbeidentifiedsi皿ultaneously，thatis，

●ifLcorre＄pOndstoh，，then．siCOrreSPOndstosj，，andwiCOrre－

5pOndstowかand

●ifsiCOrreSPOndstosj，，thenf‘COrreSPOndstohp，andwiCOrre－

SpOnd5tOWかa皿d

●ifwiCOrreSPOndstowjp，thenJicorrespondstofi，，a・ndsiissj，・

2・relateddatasupporteachother・Forexample，ifbothhandsihavebeen

identified，thentheywillenhancetheidenti負cationofwi．Conversely，iff8

andsihawenotbeenidenti丘ed，thentheywillweakentheidentificationof

祝／i・
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ThemethodsforidentibTingJ；，SiandwibasedonthequalitativecorreLation＄

amozlgthempresentedinCha・p七er4canbefomalizedaBthefo1lowingpredicate

dc血，re叩edivdyl：

は◎pか払◎釣）⇒（釣盲β併eαねd毎アq），弧d

（β‘◎払，払◎釣）⇒玩盲β打e扇dねタq），弧d

（叫◎払，払◎釣）⇒（動豆βαeαまd毎夕q），

where‘勿i8CreaiedbyPq”meanStha・t fりSiand wiCan bequalitatively

identi五dtobeた，βふ弧dt〟か

hgeneral，eaChpartialcomponentmavcreatehitepeaksatthesameti皿e・

SoifpiiscreatedbyPq，then＊ispartial1ycrea・tedbyPq；ifSpispaJtial1y
CreatedbyPq，thenal1thepeaksthatPqmaycreateshouldbecontAned
bySpsimultaneOuSly・Therefore，al1thepeakscreatedbyapartialcomponent

a代山sorel扇dd雨むT最5kano七山汀khdofrel餌eddatainh鈷ardspedm皿

bteTpre七ation．

Thiskindofrelateddata．hasthefo1lowingq11alitativecorrela七ions：

1．al1thepeaksofapartialcomponentshouldbeidenti五edsimultaneously，

tb山岳，

汀動COrre叩Ond5tO払，tbenp力∈軸（J＝1，2，‥リm，g≠p）・

2．thepeakscreatedbythesamePartialcomponentsupporte鋸血other・For

example，ifmostofthepeaksofapaJtialcomponentha”ebeenidenti£ed，

thesepeakswi11enhanCetheidentifica．tionLOftherestpeaks・Conversely，

ifmostofthepeaksofapartialcomponentcannotbeidentified，thenthe

identi丘cationoftherestpeakswiubedepressed・

1Theproce弱deBCribedinthischapterdoesnotconcerntheconstraintsati8factionproble

ininfrared8PeCtruminterpretat10nWhichwiubepre5entedinChapter8，
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Themethodforidentifyingrelatedpeaksbasedontheqllalitativecorrelations

CaJlbeformali2；edasthefo1lowingloglCeXPreSSion：

（釣◎クq，クq◎軸）⇒‡クq∈エⅣ（軸））・

6・3　SystemforInterpretingInfraredSpectra

ThesystemisimplementedwithCandMS－WmOWS．Figtue6．1showsthe
data且owdia騨amOfthes押tem2・

Sp伽b加d恥d加m

Fig11re6・1：DataFlowDiagramoftheSystem

Theinputdataofthesystemareinfrared8PeCtraOfunkn0wnCOmpOunds，

adldthesol11tionsaJePartialcomponentsthattheinputspectramaycontain．13e－

CauSein知encesarebasedonqualitative鮎turesofspectraldataandqllalitative

2Thi＄SeCtiononlybrie且ymention8thearchitectureofthe8ySten・Thedesignanddevel－

OPmentOftIleSyStemwiubepresemtedinChapter7．
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COrrelatiomsamongrelateddata，thesystemcangainhighcorrectinterpretaJ，ion
PerformancewithnoISySPeCtraldata．

AsImentionedbefore，therea，retWOkindsofrela．teddataininfraredspectrum

interpretation：aJlthefeaturesofasinglepeak（i・e・，j”SiandwiOfpi），andal1

thepeaksofa・血glepartialcomponent（i・e・，Pl，P2，・．．andpn）・Theinference
englneOfthesystememploystheproposedmethodstobothkindsoftherela七ed

datawbeninacc11工誠yadses．

6．4　Examples

Idiscus＄theperfomanceofthcsystenthroughthefouowingex＿amPle・Fig11re

6・2showsaninfraRedspectrumOfan11nknowncompound．Thespectrumisvery

haJdtoi皿terPretSiJICethepeal’withanarrow（namedpl）shiftssubstantiauy・

Thesystemcorrectlyidenti丘esthatpliscreatedbypartialcomponentbenzene一

拍叩．

hcontrast，manySim血rsy8temSCannOtCOrreCtlyidenti＆thepeak［Clerc，

Pretsch，＆Zurcher，1986］［HaBenOehrl，Perkins，＆GriBiths，1992】【Wythoff，Buck，

＆Tomellini，1989］，＄incethepeakofabenzene－rin9atthis丘equencyposition

（namedpbl）shouldbeastrongpeak（i・e・，Sbl＞1．000）accordingto＄peCtrOSCOPic

knowledge，nOtamediumone（sl＝0・510）asthecaseinthisexample．Systems

basedo皿COnVentionalfuzzymethodsusual1yaBS11mea・fuzzyintervalforeach

inaccuratepeak，thendeterminethemembershipdegTeethattheinacc11ratePeak
isinthefuzzyinterval・StlpPOSethereferencevalueforastrongpea．kisl．000，

andthefuzzyintervalforastrongpeaki80．300［Colthup，Daly，＆Wiberley，

1990］，thenonlypeakswithstrengthoflj＝0．300canberegardeda5StrOng

peaks・Obviously？byconventionalfuzzymethods？thepossibilityofplbeinga

StTO喝peakiszero，i・e・，侮几Ze几。一山れg（β1）＝0・

hferringonthe basisofqualitativecorrela，tionsamOngrelaAed data，the

SyStemmakesacorrectinterpretationofthespectrum．Throughthefo1lowmg
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twocases，Iintroducetheinferenceprocessofthesystem，andatthesametime

demonstTatetheuseofthemethodspresentedbefore．

0．000

重

富

1．200

ヽ

4m Fr叫OnC火脚1）

Figure6・2‥AnEbcampleofI血edSpectrum

6・4・1Ca詑Ⅰ：ConsideringtheFirstⅨindofRelatedData

BecausetheffequeチCy（position）andwidth（shape）ofplaReboththesamea5
tllOSeOfbenzene－rm9，thepossibihtyofflbeingidenti£edaBhlislOO％（i．e．，

抑ふ朋研一沌叩（fl）＝1），andthepo戚bilityofwlbeingidenti＆edaBWbli＄血0

100％（i・e・，抑血朋肌一正喝（叫）＝13，

3p．（d）meanBthepo滅bnityofdbeingidentiRedbyconventionalfuzzymethodB，Le．，SCF
k mt con扇dere孔
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AsIhavediscussedbefore，fl，Slandwlanerelaieddata，SOWeCaI10btain

COnfimevidenceforidcnti矩ng81bycon8ideringqtlalitahvecorrelationsamong
妬ムandwl：

侮M．e→郎g（ム）＝1，

so，C，1（fl）＝1（c51（＾）representsthequahtativeふrrelati。nbetween

β1andム），

拘㈹。九e一．如（wl）＝1，

SO，C＆．（wl）＝1（c．．（wl）representsthequalitativ？COrrelationbetween

β1andwl）

町方C且1＝苧＝1，弧d

△β1＝撃×1＝0．5叫弧d

β1◎恥＝1一旦認許＝0・02・

ByconsideringSC為1，thepossibilityofplbeingregad・dedaBaStrOngPeak

Ofbenzene－r2n9mCreaBeS蝕）mOtoO・02・ManyneaJ－missesmaybehan

bythe■negligiblepossibnity・Forexample，inmostsystensbasedonfuzzyand

othermethods（Clerc，i）retsch，＆ZtLrCher，1986］，itisimpossibletoident勒pltO

加“如mng”（Le・，胸板和一叫ダ（β1）＝0），bntcon或de血gqⅦ濾tativecorrdations

amongrelateddata・makesitpossible，althoughthepossibnityisonlyO．02（“p≦

0”me揖“血po威ble”，but“〝＞Omeamり0戚ble”）．

Asflandwlareboththesameasthereferencevalues，SOム＠玖＝1，and

ひ1◎凱1＝1．

Supposetheprioritiesoffl，81aJldwlare2，1andlrespectively，thenthe

po戚b此yof釣bei喝ident姐dび釣1ほ＝

拘＝釣1◎釣＝
2×1＋0．02＋1

4

＝0．755．

WhnethepossibilityofplbeingidentifiedbeforeisO，Sinceonedata．itemcan

notbeidenti点d（i・e・，川肋細仲州毎（β1）＝0）．
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6・4・2　CaseII：Consideringthe SecondⅨindofRelated
Data

TheprocessofconsideringthePsecondkindofrelatedda・taisquiteslmnar，

WehaNegOtthatthepossibnityofplbehgcreaiedbyabenzene－r富ngispl

（拘＝0・755）・Snppo朗＝血e施閻m鋸南岬∽皿打弧eγ？pe血払，鞠，…，軋），
thenthe叩peak8arerelatedtoeachother・IfpllSCreatedbythebenzene－

rin9，then軸ispartial1ycreatedbythebenzene－ring（i．e．，thebenzene－rin9
COntainedbytlleunkn0wnSPeCtrtm）；ifSbispartial1ycreatedbythebenzene－
rin9，thentheotherm－1peaksofthebenzene－rin98houldalsobeidenti丘ed．

ByuslngthesameprocedureasobtaiAmgFLl）WeCangetP2，P3，…　and

FLmaSWeu・AccordingtothemethodpresentedinChapter5，thequalitative

COrrehtionbetweentworelatedpeaks）Piandpj）isdehedas：

酌罰←短髪

．ぎJ、）．＝

So

nen

and

盲′　朽≧0．5

盲J朽＜0・5

1＋∑畏1，ブ≠。留d

ギ＝空ヒ±×餓，0＜ギ＜2，

釣◎肋z冊一門朋タ＝1一字＝動肋一門乃g≦1・
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Ro11gh1y，WhenSDi＞0・5，rela，tedpeakstendtosupportpi．Whenrelated
peab餌ppOrも釣，ギ＞1．Wh蝕ギ＞1，p盲◎録れZem≡一再叩＞拘．

Tbble6．1showstherela．tionamongpi◎benzene－rin9，JLiandj誉．

動◎k花Ze几e一正叩 擁

0．8

0．846

0．818

0．8

0．778

0．714

0．3

q・亜2
0．364

0．3

0．222

0

0

0．231

0．091

0

／

／

＿0．5

0．615

0．545

0．5

0．444

0．286

1

1

1

1

1

1

1．3

1．1

1

0．9

0．7

f㌘

亀ble6・1：Relationamongpi◎benzene－rin9，PiandP？

htheaboveexample，SDl＝0・850，and巧＝1▲658，SO

凱◎k乃Z㍑－わ几g＝1－
1－0．755

1．658
＝0．852．

Therefore，thepossibilityofplbeingidentiRedasphincreasesfromO．755to

O・852dllCtOqualitativecorrelationsamong代1atedpeaks．Theprocessissimnar

totheproba・bnitypropagationinprobabihsticreaBOnin岳．Hereidentifyingplis

ahypothesis，andqualitativecorrelationsamongrelateddataofplarepiecesof
eddence．

Afteral1thepeaksofthebenzene－rin9areidentiRd，thepossibilitythatthe

あ∽Ze眠－われタ誌∽nt扇ndby5bmbe蝕anycdc山出d．

6．’5　AnalysisofExperimentalResults

Icomparetwomethodsintheexperiments．Thefirstmethodr（called“AF”）isa

COnVentionalfuzzymethodwhichisusedbymostsimiLaJSyStemS【Clerc，Pretsch，

＆Zurcher，1986】【Wythoff，Buck，＆Tomellini，19891．TouseAF，eaChreference

ValuemustbeaBSOCiatedwithafuzzyintervalfordealingwithinaccuracy．Both
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referencevaluesa皿dfuzzyintervalsaDeemPiricallydetemiedtColthup，Daly，

＆Wiberley，199叶

¶止1e6・2鮎tssomer曲rencev山田弧dth由比z町regk瓜Su別記byAダ・

C月3 2900士15cm－1βか∽g土0・3　β九α叩±1

封70±15cm－1βか∽g土0・3　β厄叩土1

1450土10cm－1med言祝m土0・3　β厄叩土0・5

あ∽Ze耶－わ里7　3055土㌘km－　βfγ㈹タ土0・3　β九α叩±1・5

16亜士10cm‾1medねm土0・3　βたα叩土0・5

1550土30cm－17柁ed壱Ⅶm土0・3　βたα叩土1

1450土3m－1medねm土0・3　β玩叩土0

－C銭－Og　36謁土5m‾　βまγmタ土0，3　毎o出土1

鎚50土㌘km－1βまγのg土0・3　β玩叩土1

Tbble6・2‥SomeReferenceV五山esandTheirFuzzyRegions

ThemembershipfunctionofAFis：

（0十l芸ル（d）＝m00

〉，

Wheredisameasureddataitem）risareferencevalue，△disthefuzzyinterval
Ofγ，andO≦佑（d）≦1．

Thesecondmethod（cal1ed“AF”）isthecombina．tionofthemethodspro－

POSedinChapter4andCha・Pter5・JW＋usesthesamereftrencevaluesand

intervalsasAFinide血相inga衰nglepeak，b11tthefuzzyintervalsinAFare
OnlyusedaBStaJLdardfuzzyintervalsbasedonwhichdynamicshiftinterval＄aRe

determinedbyconsideringqualitativecorrelationsamongrelateddata・

AFandAF usethesamerefbrencevaluesandempiricalfuzzyintervals．

ThefomulaforcalculatingmembershipdegreesinAF（i・e・，FLr（d）＝maX（0，1－

1碧））isal80＄imilartothefomulaforcalculatingpossibihtyinAF・（i．e．，拘＝

1一皆）・However，inAF，△dissimplyanempiricalf。ZZyinterval，Whne
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inAF■I△diisadyna・micshiftintervalba占edonqualitativecorrelationsamong

relateddata．

IhaNeteStedthesystemagalnStaboutthreehundredrealinfraredspectra

Oforganiccompounds・TheexperinentalresultsshowthatAP＊issignifica，ntly

betterthanAダ．

TherearetwoimportantstandaJdmetricsforevaluatingsolutionsofinfrared

SpeCtruminterpretation：

De丑山tion6・1月αfeげc8汀℃Cれe∫g伸q‥娩e mfe兢α王統ejde71瑚ed卯rfぬJ

eompo乃erlfβe≠盲βe〇αC軸娩eβαmeαβ娩epαr如Jcomp∂れeれまβe孟れ娩e co汀e亡ま

βOgむ亡ぬ氾∫．

De丘血tion8・2加ねげ盲de几舌殖α如乃伸ガ：払eγ℃fe娩αf加ひmαれypαr子吉αgCOm一

夕0乃e†ぬ血統ec〃汀∝f£0血如れβαγe豆derl郷ed．

Table6．3show8thecompaRi80nbetweenAFaLndAF＊withthetwostandard

metrics．

RC（error－rate）　Ⅲ　（error－rate）

A∫　0・455　（0・545）　0．812　（0．1縄）

Aダ■　0・736　（0・264）　0．894　（0．106）

恥ble6．3：EvduationofAダ＆Aダ■wit九月Cand属J

恥ble6・3denlOnStra鳥esthanoththeRCand RIincreasebyintegrating

SCFlbuttheRCincreases moresigni五cantly・Thereasonisthatalthough

AFcanidenti＆most．partialcomponentsofunknowncompounds，itishardto

identi＆al1partialcomponentsofunknowncompoundsbecausethereaJealways

SOmePartialcomponentswhosemeastLredpeaks5eri011Slyshi允fromthereference
Yalues．

Tb・ble6・4and6．51ist part oftlle eXPerimentalresultsin which thefirst

COlumnindicatesthesolutionsobtainedbyAF；thesecondcolumnindicatesthe

SOlutionsobtainedbyAF；andthethirdcolumnshowsthecorrectsol11tions．
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AF（WithoutSCF）　　AF＊（WithSCF）　　CorrectSolutions

＠J：H2－　CH3－　－【CH2P－　㊥　－C＝2－　CH3－　－（CH2］n－　J＝H2－　CH3－－（CH2】n－

「

◎　■佗－　－レ
l

㊥　－CH2－　CH8－
l

C－

l

ぺH2－　CH3－　　＿C＿

CH3
1

㊧　－CH2－　　CH3－　　－CH
I

CH3

㊥　－CH2－

CH3
」

C旧－　　－CH
I

CH3

CH3
l

－CH2－　　CH3－　＿CH

I

CH3

－

＠　イH2－　CH3－　イン ㊥　ぺ佗－　CH3－
l

・£
】

ゴ

ーCH2－　CH3－　　＿tン
l

CH3

⑳　c伯－　一別
I

CH3

CH3

㊨　CH3－　■H　　⑳
l

CH3

CH3

CH㌻　－CH　　田
I

CH3

㊤　－㈹－　C昭一　カ式廿 ◎　4H2－　CH㌻ ＞C＝CH －C佗－　CHみ　＞C＝CH＿

①　　　　　　　　⑳

㊥　CH㌻ 0 ㊤JH2－　CH㌻　①　　　cH3－　⑳

㊥・1d・上巳1山・dK－・＝■th‥uutもー打■●＝n血。。fr．。＝。1再。n伽仙。恥員＝．1〉

①…1d・即豆引hd・CJ・‥。b。＝h‥仙叫加代．亡亡1。亡も‥。r－，。‥。1山和．血n血．ご1n。1。血亡h．獣‖

nble6・4：ExperimentalResultswithAF＆AF■（Partl）

77
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AF（WithoutSCF）　　　AF＊（With SCF）　　　CorrectSolutions

⑳　4H2－　CH㌻ ㊤　＿C佗＿’cH㌻ 4H2－　CH㌻　⑳

◎　甜ト　　　　　　　㊤　c称　蹴H－　　　　　C≠　姑αト　⑳

＠　伸　べ≡CH O　　㊥1CH2トーC≡甜　O　　　伸　一C式H　∈カ

◎　一M－　CH3一　蹴H－　㊥　－CH2－　CH3－　＞C＝恥　　イH2－　CH3－　＞C式日一

明2　　　　　　　　　－C叩：日印0　　　　　　瑚2　⑳

◎－C佗－　∞　　　　　㊥　一C服－　C≠・（迎　　　－C佗＿　C仏・∈脚

、さc…　　　・－Cい：…：・－ごく一　こ…－

㊤C恥　⑳　N賂　　＠　C仙＋⊥．Q c仙＋⊥．①
N賂　」　　　　昭一　l

＠　－1一山1fl一門鵬ヒh仁山伽■朋ヒ鵬陀火ヒhヒ鵬印rr絨t抑1血○几th血c…．m＝11

0 一　肌1●d Pe■●ヒ山賊抽○隕■●山ヒho PC叫ヒl爪亡h8亡○打●ぐt■01此10ntu柑m血rlndlc血亡he RI〉

Tbble6・5：ExperimentalResultswithJW＆AF＊（Part2）
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6・6　ComparisonwithRelatedSystems

Related5yStemSmainlyfallintothefo1lowingfourca尤egories：（1）Systemsbased

OnY／Nclassification，（2）Systemsbasedonfuzzylogic，（3）SystemsbaBedon

PattemreCOgnition，and（4）Systemsbasedonneuralnetworks．

6・6・1SystemsBasedonYes／NoClassi丘cation

Themethodcommonlyusedbyspectroscopistsinpracticeisnumericalanalysis

【Colthup，Daly，＆Wiberley，1990］．Numericalanalysisisprima．ri1ybaBedozI

COmParison betweenspectraldataandreferencevalues．Reference valuesare

usual1ysomeregionslikefrequency：3615j＝5cm‾10rSlren9th：1．000±0．300．

Ifspectraldata・areincertainreglOnS，theanswerofclassi五cationisyes；Otherwi軍e，
tもe answerisno．

MostsystemsforinterpretinginfraJedspectrausethismethod［鮎senoehrl，

Perkins，＆Gri瓜ths，1992】［Puskar，Levine，＆Lowry，1986］［Wythoff，Buck，＆

Tbmellini，1989］・Forexample，inWythoif｝ssystem，rulesforcomparingspectral

dataareinfo1lowingformsasshowninTb，ble6．6．

AⅣyアβA∬（刃　　　　ダ虎β¢α毘ⅣCnJ叩β一J叩7　■　βm且ⅣG門計β．γJ．β

Imn凱且訊4月アrO月見OAβ

A〃方lγ茸点－y茸β－

AC■770〃一拍ナ

Table6・6：RulesforCompa血gSpectralData

TheadvantageofthesesystemsisthaAtheyareveryea5ytOdevelopbecause

theycandirectlylほeSpeCtrOSCOpicknowledge）anddonotneedfurthercompu－

tation・However）theproblemisthateachofthesesystemsisonlyapplicabletoa

SPeCificclassofcompounds〉OrpureCOmpOundsbecausewhenspectraldataare

Seriouslyinaccurate，therefbrencevalues（regions）cannotre丑？Cttheinaccuracy・

Forexample）Hasenoehrl，ssystemi80nlyfordistinguishingcompoundscontain－

1ngatleaBtOneCarbonylfunctionauty缶omothercompounds，althoughthelU

Ofthesystemisabout98％（n血rally，theRCisnotavailable），andPuskar，s
SyStemisonlyforidentifyinghazardoussubstamces．
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hfactISpeCtrOSCOPistsalsolmqualitativeanalyskinsomespeci＆cc

inadditiontotheformalspectroscopickn0wiedge，SuChas“げthepeaksin600

m‾1一夕ββm‾1ゎ8た兢e続e画げk陽e眠一拍矧ち仇eれ娩epeα鮎慮れββββm‾1一

朗剖＝m‾1α代四左ねg舶yわ録mねd毎αあe陽e乃e一元叩．”Un払出Ⅷatdy，七山

qualitativeanalysiswa占hardlyappliedtothesesystemssin＿Ceitcannotbeused

directly・hcontrast）mySyStemCanSuCteSSfuuyusethequalitativeanalysishke

SPeCtrOSCOPists・ThewayofuslngitisthemethodsproposedinthisChapter4

andChapter5・Asaresult，thesystemisapplical）letoal1compoundswithvery
highcorrectperformance．

6・6・2　SystemsBasedonFu2；ZyIJOgic

Sincespectralda・ta・aLrealwavsinaccurate，andtherepresentationofspectroscopic

kn0wiedgeisquitelikethatizlfuzzylogic，SOmeSyStemSnatural1yusefuzzy

logicorsometechniquessimi1artofuzzylogic［Clerc，Pretsch，＆Zurcher，1986］．

hthesesystens）fuzzyintervalswhicharesimilartotheregionsdescribedin
Section6・6・1a代glVenforreferencevalues，andmembershipsofinaccuratedaAa．

arecalcuhtedonthebasisofthedegreesthattheinaccuratedataaTeinthe
fuzzyintervals．ThesesystensarebetterthanthosedescribedinSection6．6．1

insomecaBeS，butthedegTeeSthaiinaccurateda，taareinfuuyintervalsdo

notnecessarnyre且ectthepo戚bihtyoftheinaccurateda・tabeingthereibrence

ValtLeS・ForexampleIinFiglm6・3〉itisdiEiculttodeterminewhichpeakiscloser

totherefbrencevalueonlybyconsideringthedegreesthatpeakaandpeakb
a代htbehz町hterⅦユ．

eak a

r◎f8renC8Value

恥ZZy血eⅣ創）

ak b

FigtLre6・3＝TwoPeaksinaF11ZZyInterval

However，byapplyingthemethodsproposedinCbapter4and Chapter5，

the aboveproblem can be easilysoIved・AsIdiscussed before，in practice，

SpeCtrOSCOPistsalsofrequentlyuseknowledgeaboutcorrelationsamongpeaks

inadditiontotheformaliza・blespectroscopicknowledge・Thiskindofknowledge
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i8eSSentialtomymethodswhichenablequalitaiivecorrehtionsamongrelated
datatobeusedaLSevidencefortheidentifica．tionofinaccuratedatah

Ihavecomparedthefuzzymethodusedbythesesystemswiththeproposed

methodsinsection6・5・So知asIknow，theRCofmysystemisthehighest
amongth畠8imnarsystens，andtheRZofmysystemishigherthanthatofmany

S山野或m．

6・6・3　SystemsBasedonPat七ernRecognition

Somesy8temStほePa・tternreCOgnitiontechniquestointerpretinfraredspectra

【Jalsovszky＆Holly，1988］［Sadtlcr，1988】，OfwhichSadtleristhemostpopuLaJ

COmmerCiaJsystem・Thesystemcomparesknownpatternswithunknownones7

anddeterminesthepossibilityofa・nunknownpatternbeinga・knownoneby
Calculatingthequantitativesimi1arityorclosenessbetweenthetwopatterns．

Unukefuzzyteclmiques，Pat七emrecognitionionsidersagroupofdata（i．e．，

apattem）atthesametine．However，PattemreCOgnitionisprimari1ybasedon

？u弧ti七山iveanaly血Ihave山北闇edtb血hmyc睨SeSped迅ywh蝕the
lnaJCCuraCyOfspectraldatai5nOtSlight，qualita．tivefea．turesofspectraldataahe
muchmoreimportantthanquantitativeones・Forexanple，Figure6・4shows

twosimplecaBeS・ThediLrerencebetweenthetwopa・tterZISin（a）issmal1erthan

thatin（b）・FromtheviewpointofSadtler，thetwopa．ttern＄in（a）aredoser

thanthosein（b）・However，thetwopa，ttern＄in（b）maubethesameinBOme

Ca8eS，Whilethetwopatternsin（a）maynotbethesameinanycaBe．ThereaBOn

isthatthequalita＜tivefeattues（＆equencypositionsofpeaks）ofthetwopatterns

h（a）a代di触ent．

diⅣ血e

（a）

pa比椚Z

paltml
pattemヱ

patkml
r、・・：・
挽・．　diぽerm

tbI

Figure6．4：QuantitativeDi鮎rence8betweenPatterns

Becauseqtlantitativesindarityahd closenessarenotalwayssound，mOSt

SyStem＄basedonpatternrecognitionhcludingSadtlercannOtgiveconcre
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SOhtions・hgeneral，thesollltionsofthesesystemsareonlyaseriesofcandidates

丘omwhichusershaNetOfinallydecidethepossibleonebythemselves．

Itisdi伍mlttocomparethesesystemswithminebecausethesollltionsof

thesesystemsaRequiteloose，andneithertheRCnortheRIisavaikble．Sadtler，

forexample，uSual1ygivesthehstofal1knownpaiternsaBSOCiaiedwiththevalues

Ofquantitativedilferencesbetw℃entheunknownpaiternsandtheseknownones．

6．6．4　SystemsBa5edonNeuI・山Networks

Recently，neuralnetworkshaNebeen・apPliedtoinfraredspectruminterpreting

SyStemS【Anand，Mehrotra，Mohan，＆Ranka，1991】【Becraft，Lee，＆Newe11，

1991】IRobb＆Munk，1990J・InAnand，s町8tem，aneuralnetworkapproach

i＄uSedtoanalyzethepresenceofaminoacidsinproteinmolecule8．Tothis

SpeCificdaBSification，theRIofAnand，ssystemis．about87％，andtheRCis

notavahble・hRobb’8SyStem，a・1heaRneuralnetworkmodelisdevelopedfor

interpretinginfraredspectranThesystemisforgeneralpurposelikemine・With－
O11tPriorinputofspectrum－StruCtureCOrreLations，theRCofRobb’ssystemis

AlthoughtheRCaJldRIofmysystcmチ干ebothhigherthanthoseofthetwo
SyStenB，uBingneuralnetworksissti11promising，eSPeCiallywhenmodeltraining

OrSyStemlearmingisamust・

臥7　Summary

hthischapterlIintroducedtheimplementationoftheproposedmethods，and

discussedthecorrespondingexperiments．Ia．ppliedthemethod＄tOapraCtical

SyStemforhharedspectruminterpretation，atypicalproblemdealingwithinac－

Curatedata．Ifullytestedthe＄yStemagainstaboutthreehundredrealinfrar

SPeCtraOforganiccompounds・Theexperiment＄Showthatthemethodsaresig－

ni＆cantlybettertha．ntheconventionalmethodsusedinmanysimi1aJSyStenS．

Ⅰal80gaNetWOeXanplesinthiBChaptertodemonstratehowtouseq11alita－

tivecorrelation8amOngrelateddataasevidencetoidenti＆inaccuratedatain

PraCticalproblems．haddition，Icomparedmysystemwithsimnarsystens，the
RCandRZofmysystemaJehigherthntho9eOfotherssoiaJaBIknow．Ⅰalso

COnPad－edthemethodswithrelatedmethods，aJlddisc那Sedwhenandhowthey
arebetterordi触ent．
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Chapter7

Knowledge－BasedSystemfor

InfraredSpectrum

Interpretation

hthischa．pter，Ipre8enta．knowledge－basedsystemforin缶aJedspectruninter－

Preta，tion．hChaptez・6，Ioncediscussedthea．pplicaiionofmymethodstothe

SyStemforinterpretinginaccuratespectrald扇a．Sinceinterpretinginaccurate

SPeCtral血ta，isonlyoneofthedi伍cultissuesofsy＄tem，inordertoglVean

OVeral1pictureofthesystem，inthischapter，Iintroduceotherissuesofthesys－

tem．First，Ibrie且yintrodllCethedesignanddevelopmentofthesystem．Then，

Idemonstraictheworkingprocessofthesystemwithexamples．

7．1　htroduction

Thditionalmethodsforinfraredspectruminterpretationrequuecomparmgm－
fraJ・edspectraofunkn0wnCOmpOundswithinfraredspectraofknowncompound＄

tointerpretwhattheunknownonesare・Theprindplebehindtraditionalmeth－
Odsi8thatcompotlndsexhibitingsim血infraredspectrawi11ahohavesim述ar

ChemicalstruCtureSWhichcanbeexpressedasthefo1lowingformula．

〈軸＝ダ（∫f）封＝ダ‾1（郎），

WhereSpmeansspectra，Ofcompotlnds，andS電meanstheirchemicalstruCtureS．

83
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Performingtheta5kofcompannginfra．redspectraofuzlkn0wn・andknown

COmpOundstraditional1yreliesonquantitativeanalysi＄・However？Onlyuslng

quantitativeanalysishastwocriticalproblems：

1・Q11antita・tiveanalysisisgeneral1yverycomplex，andinsomecasesitmay

evenbecomeintracta．ble．Forexa．mple，thenumberofknowncompounds

isverylaJge，andthecompaJisonbetweenllnknownandknowninfraJed

SpeCtra．isverycomplex，SOred11CingthenumberofknowTICOmpO11ndsto

becomparedmllStbedonebeforequantitaAivea．nalysisstarts；

2．Spectralda，taarealwaysinaccurated11etOnOiseandotherunforeseenrea－

SOn8・Whenspectraldataareinacctlrate，OnlytLSlngq11antitaiiveanalysis

ishadtdtogiveconcretesolutions．

Asweknow，aCOmpOundusuallycomsist50fseveraldiHerentpaJtialcompo－
nent＄，anddi瓜！rentpartialcomponenthasdi庁brentspectralpa．ttern．Therefore，

thein丘ared8peCtmlmOfthccompoundwillBOmeWhatexhibitthepatternsof

thepaJtialcomponents，thatis，

〈

and

タαγ血J一郎i＝Gi（アαγ如J＿C8mp爪印り

Pαγ如J＿Co一昭me鴫＝町1（アαγ血JJ恥），

（み＝∑（アαrfぬJ＿郎）封＝∑（タαγ血g＿Comp∽e扇）

Mysysteminterpretsinfraredspectra．withthreesepara．tephaBeS．Insteadof

hve＄tigatingallknowncompoundstodirectlydeterminlngWhatcompoundsthe

unknowncompoundsaJe，thesystemfirstqualitativelya，nalyzesthellnkn0wn

SPeCtratOdeterminewhatpartialcomponentstheunknowncompoundscontain．
Then，atthesecondphase，itgives，ba占edonthepartialcomponents，a．Verylim－

itedlistofcandidatesofcompound・Final1y，ahthethirdphase〉itinvestigates

thelimitedcompoundc血didatestodeteminethecorrectonebyusingq11anti－

tativeanalysis．BecallSethenllmberofpartialcomponentsisntLChsmal1erthan

thenumberofcompounds，a．ndqualita．tivera．therthanquantita．tiveinformation

Canbeusedinanaly2；ingpaJtialcomponents，thefirstphaseisquitesimple．And

becallSethenllmberofcompoundstobecomparedwithunknownCOmpOunds

Canbe8igni丘ca・ntlyTeducedbyqualitaAivea・nalysis（Usuanythespa・CeCanbe

narrowedd馴椚1血omovertho11Sandknowncompotlndstoseveralcandidate），
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thequaJltitativeamalysisa．tthethirdphabebecomesveryconvemient．haddi－

tbn，qⅦdiねt行eandys適reh鮎Onq血山ativeぬ妨m朋Ofin丘鋸d叩edTamOfe

tknqu弧扇七山ive鮎tur朗Ofh鉦ardspedrちiMm肛yOfspedrdd扇ac弧be
血dledwemattbesametime．

7．2　DesignoftheSystem

ThreephaBeSOfthesystemdescribedinSection7．1，CaAbero11ghlyviewedas
twodi鮎rentprocesses，thatis，a，qualita．tiveprocessforanaly扇ngwha，tPartial

COmpOnent＄anunknownCOmPOundcontainsbyqualitativelyinterpretiI唱the

infraiedspectrunOfthecompound，aJLda・quantitativeprocessforanalyzing

partialcomponentstoprod11Cea．1istofcandidatesofcompoundwhichcontains

thepartialcomponentsidentifiedbythequalitativeprocess，andforanalyzing

thel厨ofcandidatesofcompotlndtodetemiewhattheunknowncompound
is．

ThetwoprocessesareshowninFigtLre7．1．

、－、、、

Qu8n一触o
Anl～顎■

Ctnd血t●l

ヽ●

Fi訂1托7・1：Q“山ねtiveandQ11antitativePTOCeSS朗

Bydoizlgqualitativeanalysisfirst，thesystemonけzleedstoapplycomplex
quamtita＆iveanalysistoaverylimitedlistofcaJldidates．Themethodforquaユー

itativelyinterpretinginamatedatapresentedinChapter4andthemethod
foruncertainreasoningpresentedinChapter5areemployedbythequalitative

rea占0皿g・
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7．2．1　QⅦditativeProcess

BeforeizltrOducingthequalitativeprocess，Ⅰfirstputforwardthefo1lowingthree

newconcept5．

De丘山tion7・1（タeα如′仇如eタα抽γ几）：アeα鮎′伽曾祝eタ加ゎmげぴタノねα

COm肋α知れ扉ざOmepeα鮎げ叩αr舌富αJc¢γ叩8れ帥古び九壱cんゐf如祝盲ざ加ざ娩epαγ孟ぬJ

甲〝甲8乃印f一わmo伽rβ・乃叩eαたβわ£んef〉打ダガ叩αγ如g－com卯乃eれfα柁CαヱJed

鳥eypeぬ扉豪ゐe卯r如Jcomタロ几e乃f．

Forexample，thepeaksofmeia－8ubbenzenearedistributedfrom4000cm．1

to600em－1・In封00cm－1to3000cm－1，Onlyα肋乃eCg，meね一β髄ああe犯Ze乃e，

Orlho－9tAbbenzene，mOnか8ubbenz印e，andpara－8ubbenzeneha・Vepeaks・There－

fore，peaksofthesepartialcompomentsin（3100，3000）canbeselectedasone

Oftheirkeypeakstodistingllishthemfroznothers・Simila・rly，in900cm－1to

800cm‾1，Onlybe几Ze乃e8h訓epeab・Tberefore，peaksofるeれZe几eSin（900，純0）

CanalBObeselectedaBtheirkeypea・kstodistinguishthemfromothers・Among

ゐe雅之eれeSiOmly一花eね－∫址あわe71Ze几eb揖peaksin800cm－1to700cm－1，SOthe

Pea・kin（800，700）canbeselectedasitskeypeakstodistinguishitfromother

あ印ZeすIeS・A5are5nlいbepeabin（3100，3000），（900，800）and（800，700）can
払maタぴアofmeね一∫髄あぁeれZe71e．

Thefo皿owingtheoremcazlbedirectlyglVen缶omthede五nitionofPUP．

Tbeorem7・1‥〝タぴろだ鞄，触れクq≠∫エ，ひゐeγePq壱β叩αr如gcompo一

犯e叫アぴろr甲柁ざeれね仏ef〉ぴタガタq，郎ぬ班e坤eCれm扉Ⅶれ尾花0肌COm－
poむ乃d，d乃dβエね娩eざ8Jび如乃おβf．

Prooた1）邦明⊆クエ（Pq），Wbereクエ（タq）kthepeakl適toff〉q，

SOifPⅣろ¢鞄，thenクエ（タq）¢∫p；

2）ifクエ（アq）¢∫p，tbenアq≠∫ム ［コ

Ifthe PUP ofapartialcomponent can beidentifiedfromthe軸ofa，n
tlnknowncompound，thepartialcomponentisperhapscontainedbytheunknow71

COmpOund；ifthePUPcannotbeidenti丘ed？thepartialcomponentisdefinitely

notcontainedbythe11nknowncompound．
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Withthetheorem，WeCaneaSilyekminateobviouslyimpossiblepartialcom－

POnentSなomourconsiderationbyonlycheckingthePUPsofpartialcompo－
nents．

De丘血tion7・2（gがi混edβ匹dγd∫ec電盲仇）：命お抽痛旗cかd∫ec如那鰐ββノα代

印比れdregわ那0托甲∝かⅦれe∝ゐ呼び九ね九0扉y兢eた叩peα厄げβ8me甲eC所c

pαr紬cの卿ね呼peαれ

Fc・reXample，intheregionof3700－3100cm－1，partialcomponentsOH，NH

andCHareactive・ThekeypeakBOfthesepartialcomponentsalwausappear

inthisregion・SothisregioncanbcselectedaBanSSS．Simuarly，thereglOnOf
3100－3000cm，1canalsobeselectedasanSSSinwhichSubsliiuted＿benzenes

andA沌肌かCg甜ealwaysaにtive．

げtherearepeabhan5■∫g，ab叩Othesk，f毎夕αγ上古dm匹me而βひん虐め

havekeypeaksinihi8SSSpossiblyecisl，ismade．Thefurtherma，tteristo

findevidencetoprovethehypothesis，OrtOnegateit．ぴotherpeaksofthese

Partialcomponent5arCalsofound，thehypothesisisenhanced．Ifallpeaksof

thesepartialcomponentsarefound，thehypothesisgetsproved．

Tbe払uowingtlleOremCanbed柑Wn丘omthede丘n玩ionof5■∫∫．

T鮎orem7・2：〝釣≠∫∫ち，仇∽タq≠gエ，ぴゐ椚釣ねα吻pe成げPq，
αmゴββちねα乃g∫gげクqわび九ねん釣ざ九∽粛軍騨氾r．

Pmof±1）∫ぶち由a5e血onof旦pwbe代p；Sho山dbe，

和好釣≠g∫ち，tb蝕釣≠∫p；

2）釣∈アぴろ，

和江釣≠軸，仏ⅧPぴろ¢郎，クエ（タq）¢βp；

3）汀クエ（アq）¢軸，th弧タq≠gエ ロ

hasingleSSS，itisimpossibletoidenti＆whatpartialcomponentsexist，

b11titispossibletoidentifywhatpartialcomponentsdonotexist．Because

thekeypeakofa・partialcomponentsshouldbebutcannotbefoundinanSSS，

thenthepartialcomponentisdefinitelynotcoILtainedbythe殆．

ぴakeype止ofapa畑山∽mpOnentヲmbefoⅦndinan∫β∫，thenthe
partialcomponentis比elytoexist．Thefurtherworkisto負ndotherpeaksof

thepartialcomponent丘om5b．

De丘山tion7・3（Ⅴα押eダγe叩e叩タ0β盲電壱m）‥伽e輌アロ最知那〝∫Pノ
α代価豆乃ね和也ゐげ卯氾加α両統扇r5ね乃血摘輌卯衰弱∽∫．

BecaⅦ卦巳Sped一山d雨aa代dw叩8maCCWateduetonoi詑OrOtbeTⅦn払rese弧

reasons，therealpeaksonSpaJealwausslightlydi鮎ren七色omtheirtheoretical
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POSitions・hqualitativeanalysis｝thelocationofapea・kismoreimporta・ntthan

itsexact丘equencyposition・IneliminatinglmpOSSiblepartialcomponents｝the

locationofapeakinaspecificSSSisusedtorepresentthevaguepo8itionof

thepea・kwhichiscauedVagueFrequencyP9Sitiozl（VFP）．Nomatterwhat

their丘equencypo5itionsare70nCethepea・kshuhtosomeSSSs，COrreSPOnding
hypotheseswi11bemade．

UsingVFPcansigniBcantlyreducethecomplexityofcheckingpartialcom－

ponents，andmoreimportantly，Canenableustoavoidhandlinginaccuracyof

SpeCtra・ldaia・intheprocessofeliminatingobviollSlyimpossiblepa．rtialcom－

ponezlt＄，butleaveina・CCuraCyhandlingfortheprocessofdecidingthecorrect

partialcomponents．

Thefo1lowlngl＄aSimplealgorithmforthequalita・tiveprocessofanalyzlng

partialcomponents．

AlgoritbmダγOm一郎－むトPC

ProcedlⅣeダγOm一郎一子かタ0ββ砧ge一戸C

ク仇”出直LFC＝（タqlJ＝1，2，…，Ⅳ）；；；；〃拍

ゎー盲＝1toエ（；；；ム5∫5．

ク0ββ盲批Jq＝（アCwbosej⊃Ⅳタ誌h夕方筑）；

か叫抑止血封鳩

A池沼舶J℃＝タ0ββ査あJe一戸C一夕0郎盲鋸eJq；）

return†ア0朋査批JC）；；；山，。．仙PC．

endprocedure

ProcedlⅣeダγOm一夕oββ盲あge一夕C一丈かぶoJ≠fわ几β

∫エ＝¢

払r盲＝ 110．1J ；；；〟PC・inP…iむJ・」打C

ifj⊃q⊂郎
βエ＝gエ∪（βG）；

re血rn（gエ），；；血■．。1。ti。n

e皿dprocedlⅣe

endalgorit血m

Thewavofhand血ginaccuratespectraldatainqualitativelya皿alyzingpar－

tialcomponemtshasbeenextensivelydisc11SSedinChapter4，5and6，SOImade
nome皿tionofitinthissection．
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7．2．2　QuantitativeProcess

Beforedescribingtheqtnntitativeprocess，ⅠfirstintroducetworelevantCOnCePtS．

De負山tion7・4（ββ1）＝ββ1ぬ兢e血ねあ那e扉00叩川mおひゐねんc皿ね扉

班如肌m00明肌血如m用痛再転画払血闇．

Theclassi丘cationofa，COmPOundincludestheclassandsubclassthatthe

COnpOundbelongsto．

hthesystemIDBli”rganizedinthefollowingfom・

Class Subdass Compomi
勒か0∽γ玩れ　乃一夕αγαJ〆れ　C仇－【Cガ2】5－Cg3

C月3－【C筏≧】10－C〟ユ

Jβ呼¢rα′J去れ　C哉－【C月‘一Cg2トC偽

De丘n辻ion7・5岬β2）‥ββ2由肪e血ねあがeげクCざぴんね九c∽ざねね扉d～玩翔乃

卯r如J∝叩ねαmJ鮎rcんば御伽那．

Theclassi丘cationsofPCsaredetemiedbytheclassi点caiionsofcompounds

hwhidltlej⊃Cs五戒app皿・Foremple，C為，C筏弧dC一方む如叩pe打

払tbedaぷOfgydγ∝α沌m，∽theybdongtothecla∬Ofgyか0∽γわ㈹．C筏

andCH3a・PpearinboththesⅦbclasse＄Ofn－ParaffinandI叩araffin，but

appearinn－Paraffin鮎st，SOtheybelongtothesubcLaBSOfn－Paraffin．

hthesy如em，か月2i50rgani次dhtbe餌lowhg氏〉m・

PC Cla5S Sdkla5S

C筏，C為，【C耳2】九　勒dγ0∽γあの　恥タαγαJJわ

C月■　　　　　　　gyか細r払几Jβ呼α和才J盲兜

Afterpartialcomponentsthataninfrared8PeCtrunCOntain8havebeende－

terminedbythequalitativeprocesspresentedinSection7・2・1，DBlandDB2
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aJeCheckedtoprodllCea．1istofcompound＄aBCandidateseachofwhichconsists

Ofthesepartialcomponents．

Thealgorithn血owninFigure7．2performsthetaskofproducingcandidates

h）mpartialcomponents・hthealgorithm，Lpcisthelistofpartialcomponents・

S』Lpc

yO皇
きl－Nl」？　　　　　　　End

漂．望芸tぎょ

B■tho≦lub¢l■■≦lさOf

Pd＝n DB2

C恐仁志話語昔貯もど1

「lく＞

y●争
⊂kNlし？

110

＜〉一正ho刑rさtく＞f C
C－th●　r●●t＜〉†C

＜＞05く〉血n t■ll
C皐in SL？

y08
el■■　011●

Figure7．2：AlgoritlmforGeneratingCandidateList

SincecompoundsconsistingofthesamepaKtialcomponentsamverylim－

ited，thenumberofcompoundsinthehstofcandidatesisgeneral1yverysmdl．

Therefore，uSmgCOmplexquantita．tiveanalysis to determinethe correct com－

POund丘omtheustofcandidatesbecomesverysimple・

Thealgoritlmi皿Figure7．2cancreateahtofcompoundcandidates・How－

ever，decidingwhichcandidatetheunknowncompoundisstnlrequiresqtlanti－
tativeanaly8is．Forexanple，SOfarwemavbestuetha鳥anunknowncompound

iseitherCB3－【CH2］5－CH30rCH3－［CH2］10－CH3・The加therworkde－
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teminingthenumberninCH3－［CH2］n－CH3haBtObedonebyqⅦantitative

analy由．

Iadopt acommonlyllSed methodfor quantitative analysis．The method

Calculaiesthequantita，tiveclosenessbetweentwoざpsasthepossibilityofone

beingtheother，andgivestheknowncompoundwiththegreatest possibility

Ofbeingtheunkn0wnCOmPOundaBitss？1ution［Colthup，Daly，＆Wiberley，

1990】【Sadtleり9呵・
Therearetwocriticalrequirementsfor qllantitativeanalysisofSp．First，

thecorrectsol山ionmustbeincludedinthecompotlndcandidates．Second，the

numberofcompoundsinthecompoundcandidatesshouldbeasfewaspossible．

BecausethequditativeanalysisisbasedonwhatPCstheunknowncom－
POundscontain，the鮎strequirementcambesalis魚edingeneralcases・Concern－

mgthesecondreq111rement，thesystemisalsoquitesatisfactory・Theaverage

m11mberofcompoundcandida．tesinmyexperimezltSisa，bout3．76whichism11Ch

bettertha．notherknownmethods．Forexample，inSadtlcr’ssystem，thea・Verage

nⅦmberi8abouttwenty【Sadtler，19呵・

7．3　Architect11reOftheSystem

Thc＄yStemisdevelopedbyusingC11nderMS－WINDOWS．FigllrC7・3showsthe

arcbitect11reOftbe5yStem．

hthesy＄tem，mainpa，rtSinclude：

1・Im良一enceEmgine

Inferenceen9ineisthekernelofthesystem∴Itanalyzesthespectraof

unknowncompoundstoidenti＆what partialcomponemtsthe11nknown
COmpOllndscontain，andwhatcompollndsthe11nknowncompoundsare．It

alsoperformstheta5kofdea・血gwithina・CC11ra・teda・ta・・

2・ⅩnowledgeBa5e

‾Knowled9ebaseprovidesspec七ro＄COpicknowledgeforinterpretinginfraRed

SpeCtra，identi＆ingpa．rtialcomponentsandcompounds，anddealingwith

relatedda，taandqualitativecorrelationsamongrelateddata・

3．Da七aBa5eS

Database8COnSistofspectroscopicda．ta．，refbrencesofcompollnds，and

PattemSOfpartialcomponents．
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4．Explanation

Explanaiinisdevelopedfordisplauingvari0usSOlvingpathsandsoIv－

ingmethodsofthesystemtohelpuserstounderstandwhyandhowthe

in缶代nCeen訂negiv田地eTeS山地．

ゞノニご●●・・1

－　■伽′Jおゆα‾・
■－・・・・・－－－－－■∴　■U■‾　‘“川∫ノ叫p■・・・．　一：■‘‾

Fll●■

Lo別l Explanatlon

In鮎ren eEn如

OWO□□○【コ8さ

R山eI坤r

E：法，

Add

Figure7．3：ArchitectureofIRSpectrunhterpretingSystem
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5．R山ehte叩代t即

Therulesinkn0wiedgebaBeareWritteninsemi－natural1anguageforthe
COnVenienceofoperatiozl．Asaresult，aruleinterpreteris necessaryto

tran血variousrulestothefomsthanheinferenceengmecanunderstand．

6．UserInte血e

MicrosoftwindowssoftwaJeSaJeuSedtodeveloptheuseri皿terfaceofthe

‾SyStem・Userscanusethesystemundertheconvenientworkingenviron－

ment．

7．Lod

Userscansearchhbrariesofreferences，Orloadfi1e5indiskstlndertheuser

hte血eby闇ing加αd・

8．Add

Userscanaddnewrefむ弧CeStOthelibraries，Orinputnewunkn0wnCOm－

POtndsintheprocessofoperationbyusingAdd．

Fi酢胱7・4sbowsanempleof仏esys厄m・Fi卯代7．4（a）近地e郎ofan

unknownco甲POund・Figtm7・4（b）showsthesolutionofthequalitativeprocess，
andFigure7・4（c）showsthe＄OhtionofthequaJLtitativeprocess．

7．4　Summary

hthi8Chapter，Iintroducedaknowledge－basedsystemforin鈷aJedspe

interpretation・ImentionedthesysteminChapter6asthebackgroundpねblem

Ofapplyingthemethodsforqtlalitativelyinterpretingina，CCuratedaiah hthis

Chapter？Igawetheoveral1introductiontosystem・First，Idescribedthedesign

andarchitecttlreOfthesystem・Then，Idemonstratedtheworkingprocessofthe

Sygtemwitharealexample．

Qualitativerea紺ningiswidelybelievedtobeableioguideandsinp均
quantitativeanalysi＄fForbus，1984］［Nishida，1991－1994］［Yip，1991］．Thecentral

ideaofmyresearchistoconductqualita．tivereaBOningtomarrowdownthespaにe

Ofobjectsatthefirststage・Then，atthesecondstage，COmPlexquantitative
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analysiswi1lonlybeappliedtothecandidatesgeneratedatthe五rststage・Both

thee侃ciencyandqualityofthesystemareimprovedthisway・

．▲i：て∴▲

′■「レへ‾

刑〉Xl O】○

一カ■

九●　血　“叩■▲血■
也●　蜘吋抑l■1引叩t■l

慧
0－bo瓜

●叫○ ●】○

（b〉

伽血“叩佃“t　′

子汁トニムソトーたミ・l・
■000 000

Figure7・4：AnExampleofthe・System
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Chapter8

AMethodforSoIving
Constraint Satisfhction

ProblemsinInfraredSpectrum

Interpretation

hthischapter，Iintroduceasimplemethodforconstraintsatishctionsolving．

hi血edspectruninterpretation，gettinganinitialsol11tionismuchmored路
ficultthanreSningthcinitialsol11tion．Therefore，themostdi侃cultconstrmits

COnCemingthaAdi鮎rentvariablescamottakeonthesamevalue（calledcon－

Straintα）adTeCOnSideredaftertheotherconstrmits（calledconstraintβ）haNe

beenconsidered・Ane伍cientpaitern－drivenalgorithmisproposedtogenerate

i山tid」和1tltiomswbicb組tis伊∽n或r由ntβ．Thenan oγ訂Jα㌢γedMe be揖istic

isappliedtominimi次theredundancyintheinitialsolutionstLntilallconAicts

amongthevaria．blesareeliminated．

8．1　htrodudion

ConstraintsatiBfactiomproblem（CSP）i8animportantprobleminreasoningand

PrOblemsolvingPechter＆Pearl，1988］・Theproblemaris朗inthediagnosis，

皿dy血；，hterpretationandoth即封sy或emりM血on，弧de七山，1990］［Ste五k

1981】・

rmketheinfraredspcctruminterpretationforexanple．Theproblemvariables

aJeaSetOfpeaksonaninharedspectmnofanunknowncompound‥

95
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Sp＝（pl，ク2，…，pn）

Wherep戸（J；，Si，Wi）representsapeakontheunk鱒0wnSPeCtruminwhichfi，8i

andwia・rethefrequencyposition，Strengthandwidthofthepeak，reSPeCtively・

TheaBSOCiateddomainsofthevariablesaJeaSetOfkn0wnPartialcompor

PC＝（♪q，PG，…，ア㍍）

WherePq＝†pjl，振，・り，Pj，）’representsaknownpa，rtialcomponentwhichcan

Createpeakspjl，払，・・・andpj．ifitiscontainedbytheunknownCOmpOund・
ThetaBkofIRspectruminterpreta・tioninvoIvesa5SlgnlngaValueforevery

variable：

J・・iミf一（1

Wherepi∈SpandPq∈PC，thatis，determiningbywhichpartialcomponents
insetPCthepeak＄Ontheunknownspectr11maReCreated，■andwht paJtial

COmpOnentSthe－1nknowncompoundcontains．SothesolutionofIRspectrum

interpreta．tionisa，StlbsetofPC：

SL＝（アCl，アq，…，アG），SI」⊂PC

where

タq＝（pll，

PG＝（p21，

，pl，

、J一ご。

lpl‘∈Sp∧p≧1）

‡ァ2i∈Sp∧9≧1）

クG＝（凱l，…，軋l恥∈Sp∧γ≧1）

（

and

アClリアGu．‥Uf，Cた＝Sp

タqnjフq＝¢（豆，ブ＝1，2，…，た，盲≠ブ）

AsBignlIlgValuesforauvaJiable＄inSpissimilartosearchizlga，COmPlete

graphconstruCtedbySptofindthepossibledivisionswhichhasbeenproved

tobeaNPCompleteproblem［Karp，1975］．Theconstraints，eSpeCiallythose

COnCeml皿gthat severalvariablescannottakeonthesameValue，Orthaione

Variablecannottakeonseveral■values，maketheproblemhardertosoIve．
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Theprimarymethodsofsolvingconstrmitsatis臨ctionproblemsareheudstic

bac如相通血g皿dcons吐血tpr叩喝ation【Bitner＆こReingold，1975肝0ちSdeh

＆Bavcan，1989］・Howeverthesearchingspaceandtimeconsumptionaretwo

bigproblems［Brown＆PtLrdom，1981】【Friedrich，Gottlob，＆Nqjdl，1991】・What

is more，insomepracticalproblems和Ch asin丘aredspectruminterpret如ion

WherethenunberofvariablesishugeandtheasslgnZnentforthevariablesis

CO血Plex），generatinganinitial紺Illtionitselfismuchmoredi氏cultthanrehing

it．Traditionalmethodsthatconsideral1constraintstoglVeaninitialassigtLment

forthevariablesandthenapplylocalheuristicstorepairtheaBSignmentisnot

e伍dent．

Iproposeasimpleconstraint－basedreasonlngmethodtosoIvethiskindof

COnStraintsatishctionproblems・Thekeypointofthemethodisthatallcon一

出血mb打eCl舶Si怠dhtotwog和明鱒Thed皿c山tconsもrah由比ePqnj⊃q＝

¢（壱，ブ＝1，2，・‥，た，壱≠j）whicbre出血dthatdi鮎rentvarkblesc弧nOttakeon

the same Valucam cLassified aB COnStraint a．And the other constraints，1ike

PClUPCbU…UPCh＝SpaxeclassifiedaBCOnStraintβ．Firstly，Onlycon－

8tmitβareconsideredtogenerateaninitialsolution．Becanseconstraintα

arenotconsideredatthisstage，COn鮎ctsamongvariablesintheimitialsohtion

aJePermittedsothat theproblemofsearchinga・COmpletegraphconstructed

bySpcanbetranSferredintoaprocessofcheckingwhetllerthepattemsofthe

po鎚iblepa鵬id∽mpOnentSa代COnt血dbySp，Wbi血ka鮮血訂恥か血錯prか

CeSSwithoutbacktracking．Secondly，COnStraintαareCOnSideredtoelimina，te

theconAictsamongvariables．However，thee鮎ctiverangeoftheseconstraints

haBbeennadTOWeddown，andtheheuristicforre鮎ingtheinitialsol11tionhas
becomemoreeEbctive．Anouerlqp，reduceheuristicisappliedwhichminimizc＄

thenllmberofpartialcomponent5intheinitialsolutionsoaBtOehminatethe
∽n鮎c也a皿OngV訂iables．

8．2　DelayofSomeConstraints

AmongallconstraintsabotltVariables，SOmeCOnStraintshkePClUPCbu．．．u
PCk＝SpindicatethateveryvariablepiinSpmustbeassignedavaluePq，

tb扇』，釣∈アq・

TheseconBtraintsaduallyrequiretosearchacompletegraphconstruCtedby

Spto丘ndvdⅦ朗払raunodes．

On抽eotb打出md，紬meCOn如血短址eタqnクq＝¢（ij＝1，2，…，k，

i≠j）hdicaAethateveryvariablepiizISpcanOnlyhaveonevaluePq・
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TheseconstraintsaduanyexpresstherestrictionsonsohtionstoaNOidmulti一

叩mentS払rv揖iablesinSp．
Forexample，SuppOSePeakplOfSpcanbecreatedbypartialcomponents

PCl，PC；andPC｝respectivebT，andthethreepartialcomponent＄Whosepat－

tema代bowna5払uow毎酢Ⅵ皿bか血eckd．

〈

アCl＝（凱，如，

P銭＝（釣，p4，

アq＝（ph恥

）

）

）

Sinceql≠Sp，partialcomponentPC3wiunotbeconsidered・Ⅱal1peaks

inthepattemsofPClandPCtzcanbeidenti負edfromSp，eitherPC10rPCb

Canbeconsideredasa．possiblepartialcomponenttobeindlユdedintheinitial

Sdution，th止k，tbe払uowhgtwokh由of出S確pmentfbrvぴiablespl，如，p4

弧dothersinPCl弧dPGc弧be伊Ven：

（pl∈PCl，釣∈クCl，．．．釣∈タC2，p4∈PCち，…

ButPC’1andPCbcaJLnOtbeincl11dedinthesolutionsimultaneouslybecause

アClnjフq＝釣厄0加朗仙e∽n如r血toff，qnタq＝臥
Supposepeakp2CanbecreatedbypartialcomponentsPC4andPC5reSpeC一

扇vdy，andthepatねmofPqandクC云a代：

〈タq＝（鍍，釣，‥・）クG＝（釣，知，…）

Sim血Iy，PClandPC4CannOteXistsimultaJleOuSlyduetoPClnPC4≠0．

Tberes山ti5tb扇げCl，クG），‡PG，Pq）or（タq，PG）c弧becon扇deTd
aBPOS8iblepartialcomponents，thatis，thefouowingthreekindsofas8ignment
a代誠pos或ble．

〈れ∈アCl，鍍∈PG，如∈タCl，邦∈アG，…

釣∈ア坑，鍍∈タq，釣∈アC4，p4∈クG，‥

釣∈アC2，凱∈アG，p4∈タC2，邦∈アCも，．．

TheaboveprocesscontinlleStlntilanaS鼠唱nmentforauvarial）1esinSpis

generated，Whichhastheexponentialcomplexityingeneral・

Ⅱsomcconstraints，hkePqnPq＝¢（i，j＝1，2，・”，k，i≠j），Whichrestfict

themulti－aSSignnentsamongvariables（cal1edconstraintα），areCOnSideredaftef
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Others（cal1edconstraintβ），aninitialsolutionwhichsatisfiesconstraintβcanbe

generatedmuchmorequicklya・ndeasily・Ane伍cientpattern－drivenalgorithm

Canbeusedtogeneraietheinitialsolution．Theotherimportantpointofthe

delayisthatthee丑もctiverangeOfconstraintαCanbesigni五cantlynaJrOWed

down，SOlater，an OVerlqp－reduce heuristic canbe used to refine theinitial

SOlutiontowardtheoptimalsolution．

Thefo1lowingisthesoIvingprocedlユre：

1・FromPC，thepaJtialcomponentsbywhichoneormorepeaksinSpmay

becreatedarepick畠douttoformapossiblepartialcomponentset，nO

matterwhetherthesepa・rtialcomponentssatisbral1constraintsornot：

吻∀Pq（（釣∈タq）→（Pq∈PC′））

wberePCJ⊂PC．

2・Ifal1constraintscxceptconstraintαareCOnSidered，a，nimitialsolutioncan

begeneratedfromPCI：

∀Pq（（タq∈PCり∧坤ブ（（pj∈Pq）→（タブ∈Sp））→（Pq∈PC′′））

wherePC／／⊂PC／．

3・BecauscconstraintαisnotconsideredintheprocessofgeneratizlgPC′′，

multi－aSSlgnmentSforvariablesmauexist，SOPCIlmaycontainredundant

Partialcomponents，althoughal1partialcomponentsintheoptimalsolu－
tion，SL，haNebeencontainedbyPC′′（i・e・，SI－muStbea・SubsetofPC′′）：

PC／J⊃SL

Then，COnSiderizlgCOn8traintαCanrefinePC′′towardsSL．

8・3　Pattern－DrivenAlgorithm

SincetheconstraintssuchasPqnPq＝¢arenotconsideredatthe鮎ststage，

OVerla・PSamOngthepartialcomponentsinPC′‘arepemitted．Ifonepeakofa

PaRtialcomponentisfoundfromSp，thenthepaJtialcoznponentcanbeviewedaB
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a・pOSSiblepad・tialcompozlent，andifal1peaksofthepartialcomponentarefound

fromSp，thenthepastialcomponentwi11beincl11dedintheinitialsol11tion．

Thereforeasslgningvalue＄foral1variablesinSpbecomescheckingwhether

thcpatternsofthesepossiblcpartialcomponentscanbefo11ndfromSpornot，

Whichcanberepresentedasthefo1lowingprocedlユre．

Procedl∬eI（凡mれg叩05ざ古抽卯れぬgco叩PO乃e71fざef）

PC′＝¢；

J卯盲＝1fo几（；；；れi5仏enllmberofpeaksinSp

J併ブ＝1ねm（；；；mistbenⅦmberofアCsinPC

盲J pi∈タq

PC‘＝PC′upq；

〉

）

γeわけ几（PC’）

endprocedureI

StlPPOSethereareMpossiblepaJtialconponentsinPCJ，andtherearelj
peaksinthepattemofthepossiblepartialcomponentPq，thenthesecond
procedu∫eCanbe由veninbrief：

Procedl汀eII（凡m如α乃わ豆如才β0ね如几）

PC′′＝¢；

′卯ブ＝1ね〟（

鞄血M＝1；

′卯盲＝1ねち（

盲Jタカ≠Sp（

∫ymあoJ＝0；

■汀叛

）

）

げ　勒mあoJ＝1

PC′′＝PC′‘uj⊃q；

）
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γeねm（PC′′）；

endprocedureⅢ
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BothProcedlneIandProcedlneIIhave血eaJCOmPlexities．

Figure8・1showsanunknownspectrumandthepartialcomponentsinthe

撼tid50htiongenemtdbytheabveal即dtbm・

h＿thiimitialsolutionshowninFigure8．1，bothpariialcomponentiand

ParlialcoIWOnentjrecognizePeakp。aStheirownpeak，thatis，Variablep。
b舶b朗nおSigndtwice・merefore，弧0Verl叩betwe孤p加ねJc叩亡i

andpartialcompcrTmijexists，WhichmeansthatpariiaEcorTPOnenlior／and
Pariialcom卯勒enりshouldbeeliminatedlaterfromtheinitialsolution．

pq

U止洲5叩

⊂】托l　　団托】

l■伽げhp〆PC　一雨】

Fi郡代8・1＝UmknmSpedm弧dItshterpretation

hthepa・tternOfa・paJtialcomponent，SO竺ePeaksaremoredistinctivet払n
Other8）紺thepeakscaAbesortedaccordingtotheirdistinctions・Therefore，

inpractice，PartialcomponentsaJenOtCheckedonebyone，buta，grOupbya

group・Whenapeakonanunknownspectrumisconcemed，thepartialcompo－
nentswhosemostdisthctivepeaksaRethesameasthispeakwi11beconsidered

together．OnlythosewhoseseconddistizICtivepeakscandsobefound血omthe

SPeCtruZnarelefttoenterthenextlayer・TheaboveprocessisshowninFigure
8．2．
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8・4　0verlap－ReduceHeuristic

Thepatlern－drivenalgorithmcangenerateaninitialsolutionwithlineaJCOn－

plexity・Theinitialsolutionismotarandomassignnent，buthasthefollowing

1・It5如扇田址∽n出血b既C叫∽n由血tαS通おアGnタq＝臥

2・Itmaycontainsomeredundantpartialcomponents，thatis）COnAictsamong

Va血ble5maye通t・However，tbepa摘dm匹nent＄htheoptimd∽1u－
thnare山IhdⅦdedinthein比id∽1ution．

3・Thedi鮎rencebetweentheinitialwlutionandtheoptimalsolutionistha，t

thefomercontainsmorepartialconponentsthanthela・tter・Therefore，

minimizingthenumberofpartialcomponentsintheinitialsolutionmay

maketheinitialsolutiondosetotheoptimalone・

肌止novn蜘

∈⊃

：；：・：；

噌

Fi卯re8．2：H血む（九idPmcedm
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Arepairheuristiccalledoverlap－reduceheuristiccaAbeappliedtominimize

thenunberofpartialcomponentsintheinitialsolution：

1・Pickoutpa血∽mpOnentSbavhgov即k関前止othe指：

∀クq∀アq（（♪q≠クq）∧（アqnタq．≠¢）→（アq≠SI小／（アq≠SL））

2・Fromtheaboveresdt，eliminateapaJtialcomponent，PCt，Whosepeaks
Canbedistributedtootherpartialcomponents，andreaBSignvalues

thosevarial）leswhichhaNebeenassignedastoPCt：

輌∈Pq→］Pq（（Pq≠アq）∧b∈タq）））

Figure8・3show＄theprocessofrefiningtheinitialsohtion，Whereorepresents

thevariable，andUrepresent8thepartialcomponent，and・／Umeansbeingim

COn鮎ctルⅤ即1叩．

pl p2

肇、L
ヽ

托1

pユ　　p4　　p5　　p‘

！ノ●■

一－■●■●●●■一■

、・耳・・●●●
托】

pl p2　　再　　〆

＼
f℃1

I

PCユ　　　　呵

p5　　　p6

ミi・・． …．．碁…
．．■■■　　／

■■

…＼、軒…

Figure8・3‥Conaict／OverlapReducing



104 C托APT月見β．COⅣざM5Am則mOⅣPRO月上月朗苫

8．5　Discussion

Themethodpresentedizlthischapterisanotaperfectmethod・Idisc那Sthe
defects封1de鉄血ivenessofthemethodinthissection．

8．5．1　Defbds ofthe Metbod

Themethodforsolvingconstraintsatisfactionproblemshasthefollowingtwo
mainde鮎cts：

1・Theoverlα㌢reduceheuristiccaJlbeu8edtoreducetheoverLa．psamo．ng

Vaiiables，butitcannOtguaJanteethatalloverlapsintheinitialsolution

Canbeelimina．ted．Orinotherwoids，intheworstcase，OPtimalsolution

CannOtbeobtainedwithpolynomialcomplexity；

2・Themethodi＄Onlyc鮎ctivetoaclaB80fconstraintsatisfactionproblems，

Su血揖tbecon如血nt畠山ishction problemsimin鮫肌d琴edmmlhteト

pretaiion，inwhichgenera．ti工場aninitialsol11tioniBmuChmore di伍cult

aJLdcomplexthanre丘ningit，andconAictsintheini七ialsollユtionarenot

numerOtu，b11tthemethodmaynotbee鮎ctivetootherproblems．

Tbsomeproblens，the abovedefbcts ofthemethodcannotleadto any

払talqistake．Iwindiscus8thee鮎ctivenessofthemethodtotheBePrOblems
Sec扇on8．5．2．

Tb80meOtherproblems，however，themethodmaynotbee鮎c也veatal1．

Becat18ethemethodi＄initial1ydevelopedforsolvingcomstraintsatisfactionprob－

lensinin血ard叩eCtruninterpretationonly，theresearchconcemlngitsappli－

Cation8tOOtherproblemsisleftformyfuturework．

8．5．2　E鮎ctiveness

Themethodise鮎ctivetoacLaBSOfconstraintsatisfactionproblemsinwhich

gettinganinitialsolutioniBmuChmorediLRcult読dcomplexthanrehizlgit，
andconAictsinl．heinitialsol11tionarenol．ntLnerOuS．

Idiscussthee鮎ctivenessofthemethodinthefo1lowizlgtWOaSPeCtS：

1・Constmit8atisfactionproblemisadi伍cultprobleminAI．Sometimes，
evenhumanexpertscanhardly euminateallconflictswith a，time止mi－

tation・TheBtrategyOftheproposed methodistou8erePai＝hemistic
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toeliminateasmanycon且ictsaspossiblewiththelimitedco皿P11tational

reSO11rCeS；

2．Tomanyproblems，izICOmpletesolution8a．redefinitelyunaCCePtable，but

Superfhoussolutidnsareusual1yaJCCeptable，becausefurthermeanscanbe

employedtoanaly2；ethesuper董ho11SSOlutions．Forexample，ininffared

SPeCtruminterpretation，ifnotal1partialcomponentsareidentified，many

usefu1izL鮎rencesca・nnOtbedrawn．Butifextrapartialcomponentsare

identifiedincorrectly，uSlngtheknowledgea，bo11tthepossiblecombination

Ofpartialcomponentsmaydetectextrapartialcomponents．Themethod

guaJanteeSthattheoptimalsollltionsarecompletelyincludedinitssolu－

tions，althollghitdoesnotguaranteetha．tallofitssol11tionsareoptimal．

8．6　Summary

Inthischa・Pter，Iintroducedasimplemethodforconstraintsa七isfictionsoIv－

mg・First，Imentionedtbatinimfrared spectrnminterpretation，gettingan

initialsolutionismuchmoredi瓜cultthanre五ningit．Then，Idiscussedthatthe

mostdi侃cultconstraintsconcernlngtha．tdi鮎rentvariablescannottakeontlle

SameValue（cal1edconstraintα）canbeconsideredaftertheotherconstraints

（cal1edcon5traintβ）haNebeezICOnSidered．BaBedonthisidea，ane伍cient

Pattern－drivenalgorithmwaspropo＄edtogenerateinitialsolutionswhichsat－

iB＆con＄traintβ，a・ndanoverla㌢reduceheuristicwaspropo5edto血inimizethe

redundancyintheinitialsolutiozISuntilal1con＆ictsamongthevaria．blesare

eliminated．

Themethoddescribedinthischapterisnotaoptimalmethod，andisonly

e鮎ctivetoa・CertainclaBSOfconstraintsatishctionproblems．Inthischapter，Ⅰ

alsodi＄C11SSedthedefectsande鮎ctivenessofthemethod．
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Chapter9

RelatedⅥわrkand Discussion

MywoTkrouguy仙htofburaJe揖OfAI‥（1）qmlitativeinte叩代七ationofinac－

Curatedata，（2）possibilitypropaga・tionanduncertainreasoning，（3）knowledgeT
baBedByStemforin丘aredspectruminterpretation，and（4）conBtraintsaiisfactio
pmblem．

hterpretinginaL：CuratedatahaBlongbeenregaJdedaBaSignificantanddif一

色cultprobleminALManymethodsaAdtechniqueshaNebeenproposed．

Fuzzylogicprovide8thema．thematicalfundamentalBOfrepresentation．and

Cdc山浦onofi肋m胴鷹山血匹ow組，L由，＆Bau町，1992】【Negoiね＆R血，

1987］［Zadeh，1978＆19891・．Mymethodforqualitativelyinterpretinginacctlrate

血沈a適p正mむ五yb舶don勉ytheoⅣ・飢t00mp甜dw此…nV孤血n山九加y
teclmiques，theadvantagesofthemethodinchlde：（1）shiftintervalsofinam－

raiedaharedymical1ydetemied紺thatdynamicinformationcanbeu5ed；

（2）shi氏intervalBarebasedonqualitative鈷ature80fdataandqualitativecorre－

1ationsamongrela．teddatasotha．tthesolutionsaremorerobust．Thelimitati。n

OfthemethodisthatwhenquahtativecorreLationsamongrelateddataarenot

kn0wninadvance）themethoddegenera・teStOa・COnVentionalfuzzymethod．For

instance，ifSCFiBunaVaila．ble，thetwomethodsdescribedinSection6．5become
tbesame．

Pa・ttemreCOgnitionprovidesthetechniquesforinterpretingmeaBureddaiain

訂皿pfJ並0V惑ゎ＆H劇y，1988】【Rぉk血ti＆Z止m，1991】．ByⅦSi喝匹侮m
recognitionmethods，relatedda・taandconzleCtion5amOngdatacanbeconsid－

eEed・However，thereaqetwopreconditionswhichmustbesatisfiedforcomplex

da・taanalysisbypattemrecognitiontobesuccessfu1・Thefirstpreconditionis

tha・tWehavetoobtainadequatedatabase＄fromwhichwecanderivethepa・tternS

Weneedtorecognize，andthesecondpreconditionisthaiwehavetodemonstrate

lO7
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thatthereaReSuital）1emetricsofsimnaritybetweenpattems・Whenpa・tternS
phcitlyexist7andmeasuredpatternSaJenOtSeriouslynoISy，PatternreCOgnition

methodBaJee鮎ctive・However，ifpatternsaJenOteXPlicit，OrPatternSChange
irregulaRlywhichimpliesthatthereisnotastablemetriQSfordeterminingthe

Simuaritybetweenpattems（e・g・，SPeCtrumhterpretatiozl），theproposedmethod
kmorepradicdandrobuれ

ProbabnisticreaBOningprovide＄apr∝ticalfraLmeWOrkfbrreaBOningtmder

tmcertaizlty［Dempster，1968HDuda，Hart，＆N鮎son，1976］【PeaRl，1988］［Shafer，

1976］・Forexample，byusingBayesiantheory，unCCrtainevidencecanbecal－

Cula・tedandpropagatedoninfefenCenetWOrks．In manysystems，．Subjective

StatemCntSarelほedtotaketheplaceofsta．tisticsofuncertainevidencewhen

Statisticalsamplesareinsu侃cientorabsent，SuChascertaintyhctorsinMYCIN

【Shortli鮎＆BuchaAan，1975】，andpriorprobabilitiesinPROSPECT［I）tlda，

Hart，＆Nikson，1976］・Mymethodforpropagatingqualitativecorrelationsas

evidenceoftlnCertainreaBOmigi8Sim肋rtothemethodfbrprobabilisticreaLSOn－
ing・Hovever，theessentialdi蝕冊nCeistha．tmymethoddymical1ycalculates

q恨山t誠ivecofrdationsa5eVid加代∽it does：nOt needm弧yamptionsin

advance，andcanavoidincon8istencyinknowledgeanddatabases・

WhenstaAisticalsamplesaresuLRcient，OrSubjectivesta．tementscanbecon－
SistentlyobtainedhkeinMYCINandPROSPECTOR〉PrObabnisticreasoning
method8Canbeapplied・WhenstatisticalsamplesofinaJCCuratedata，aJenOt

enoughaAd consistent subjectivesta．tements aGe nOt aVanable，theproposed
me仏d臨ⅦⅣe鮎dive．

Thditionalmethodsandsystemsofin企aredspectrunreCOgnitiomampri－

mari1ybaBedonqtnntitativeanalysisteclmiqueswhichidenti＆i皿血aJedspectra

OfunhownCOmpOundsbycalc山atingthequantitaiivesimnarityorcloseness

be価朗nthei血餌d叩頭mofknownand皿knowncompoⅧdりJ壷0V㍑桓＆

Houy，1992］［Sadtler，1988］．DtletOthehugenumberofknowncompounds，these

methodsandsystemsusual1yrequueuserstoprovidea・rangetOWhichtheun－

kn0wnCOmpOundsbelonginadvance，then叩plyquantitativeanalysiBtOthe

knowncompoundsintherange．hsomecases，uSerSmayrOugh1yprovidethe

infomatiozlbyusingthephysicalfeaturesofunknowncompouzlds，b11tinmore
CaSeStheycaAnOt・WLenuserscaJLnOtPrOvidetheinfomatiozl，Ortheinfor－

nationprovidedisnotcertain，quantitativeanalysismavbeverycomplex．h

COntraSt）thepresentedhowledge－basedsystemanalyzeswhahpartialcompo－

nenbthe血0Ⅶ∽mpO皿由∽n血，弧dt血弧dy椚the叩旭∽m㌣
nentstodetemiewhattheunknowncompoundBmaVbe）SOitcanalwaysglVe
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averyhmited鮎tofcandidatesinwhichtheunkn0wnCOmPOundsaJei皿Chded．

Therefore，thecomplexityofquantitativeanalysiscanbesigmi負cantlyreduced．

Somerecentlydevelopedsystem8alsorecognizein丘aredspectrabydecompos－

ingthemfHasenoehrl，Perkins，＆GrilBths，1992］．Compaxedwiththesesystems，

mysystenhastwoadvaJltage8・First，itusesthenewconceptsofPUP，SSS

andVFPtogeneratethepreuminarysolutions，SOitse且ciencyisveryhigh．

Second？it闇eSqualitativecomitionsamongrela・tedpeaksasevidence，SOthe

inaJCCtrraCyOfspectraldatacanbee鮎ctivelyhandled・BothRCandRIofmy
SyStemarehigherthanthoseofthesystemsusingfuzzyorothertechniquesto
dealwiththeina∝uraCy［Amd，Mehrotra，Mohan，＆Rmka，1991］．

Myfutureresearchconcemingthesystemistoconsidertheinteradionamong
identifiedpartial云omponents・AsIdiscussedbefore，SPeCtrOSCOpists缶equently

u閑地eknowledge故e：WG月8COeヱおね血統C月8，兢∽仇e舛氾血扉Cガ3αm扇

郎肌＝m‾1mαyβ岬”，Or“ぴ－じ0－じん鮎ぬ血榊，兢∽班e5坤扉
thepeaksqfCH3mayChan9e”・Therefore，itispossibletoupdatethepossibili－

tiesofidentifiedpartialcomponentsbyconsideringtheinteractionamongthem・

Analyzingthee鮎ctsamongidentifiedpartialcomponentswouldmotonly．help

usidenti＆haccuratcdata，butalsoprovideuswiththereasonwhythedaia，aJe
imte．
ConstraintsatisfktionproblemshaNCinvitedvariousrese鋸d＝mdapplicar

tion8Pechter＆Pearl，1988］・ToacertaincLaBSOfconstrAntsaiisfactionprob－

1em畠WheregeneratinganinitialsolutionisverydiLRcult，theproposedmethodis

e伍cient）Sinceitcanemployapauern－drivenalgoritlmtoquicklygeneratean

initialsohltioninwhichtheoptimalsolutio皿muStbecontained・However，the

propo8edmethodisnotanoptimalmethod）Sinceitcannotgtlaranteethatits

finalsolutionbeoptimalinanytime・DevelopizlgthemethodfurtherisanOther

re5eむ血ofmyhtwework．
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ChapterlO

Conclusions

hthisdissertation，Iha”ePreSentedanovelmethodforqualitativelyinterpreting

izlaCCuraiedaia・byusingqualitativecorrela・tionsamongrelateddataascon鮎一

m扇oryordisconfirmatoryevidence・First，Iintroducedanewconceptcal1ed

餌ppOftCOe瓜denthnc鮎n（∫Cダ）・nen，Iproposdm叩prOa血todetem山一

hgdyna血c血i氏加eⅣ壷ofimtedatab誠edo皿∫Cダ〉弧da刀LapprOa血

tocalculaJ；ingpossibilitiesofinterpretinginaccuratedata，reSpeCtively．BaBed

Onthesetwoapproades）IintrodtlCedamethodforusingqualitativecorrel

tion8amOngrelateddataaBCOnfirmatoryordisconfimatoryevidenceforthe
hterpreねtionofhaccⅧ止ed血

Iham，PreSentedanovelmetbodforpropagatingqualitativecorrelations

amonghypothesesaBCOnfirmatoryordiscon五matoryevidenceforuncertain

reaBOning・Themethodcanextract）rePreSentandpropagatequalitaiivecorrelaT

tionsamonghypothesesasconfimatoryordiscon鮎ma・tOryevidencetoupdate
thepos8ibintiesofhypothese8．Thefunctionofthemethodissim山一t。the

PrObabilitypropagationonBavesiannetWOrks・Butcomparedwithtraditional

methodBforprobabilitypropaga・tion，themethodhasthefo1lowingadvantages：

（1）itcaJlbeappliedtotheproblem5Whereevidenceisnotexplicitlygiven；（2）

fewzlumbersandaBStmPtiozLSneedtobeprovidedbydomainexpertsinadvance；

andconsequently，（3）thekn0wiedgeacquisitioniBSimple，andtheinconsistezICy
inknowledgebaLSCSCanbeavoided．

Iha”eappliedtheabovetwomethodstoinfraredspectruminterpretation，

andhavefu11ytestedthemethodsagainstseveralhundredrealinfraredspectr

nee叩edm弧七山re5山鹿血owtbattbemetbo由a托Si画鮎皿勒be仇町七山皿仙e

traditionalmethodsusedhmaJlySinuaLSyStenS．
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Iha”ealsopresenteda・knowledge－basedsystemforinftaredspectruminter－

Pretation二TheprimaJytaSkofthesystemistoidenti＆unknowncompoundsby

interpretingtheirinfraredspectra・Iproposedakn0wiedgemodelforintegrating

qtlalitativereasonlngintoin缶aredspectrumi皿terPretation・Theimplementation

Ofthesystemindicatesthat－boththee氏ciencyandquaLtyareimprovedby
employingtheknowiedgemodel．

Final1yIIhavepre＄entedazleWmethodforsolvingconstraintsatisfhction

PrOblems・Iproposedane瓜cientpallern－drivenalgorithmforgenera・tinglnl－

tialsoltltionsIandanoverlap－reduceheuristicforrepairingtheinitialsolutions，

respectively，Idiscussedtheadvantage5，disadvantagesandapplicabilityofthe

metbod．

BrieAy，myCOntributionsmainlylnClud占：

1・Aqualitativemethodwhichinterpretsinaccuratedatabyusmgqualita－

tivecorrelationsanOngrelateddata．aBCOnfirmatoryordisconfirma七Ory

evidence7andacorrespondingalgorithmwhichcrystal1izesthemethod；

2・Aq－1alitaiivemethodwhichpropagatesqualita・tivecorTelationsamonghy－

pothesestoupdatepossibilitiesofthem，andacorrespondingalgorithm

Whichcrystal1izesthemethod；

3・StLCCeSSfu1app止cationsofthea．bovetwoqualitativemethod＄tOapra£tical

problem；

4・Aknowledge－baBCd－＄y5temWhichintegratesqualita・tivereaBOnlngandquan－

titativeanalysistointerpretinfraRedspectra，；

5，AsimplemethodforsoIvingconstraintsa・tisfaJCtionproblemsincllldingan

CBicicntpattern－drivenalgorithmforgeneratinginitialsolution8，anda・n

OVerlap－reduceheuristicforrepairingtheinitialsolutions・
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