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PREFACE   

Themechanismofhumandecision，makinglSVerydi侃c山ttoanaly£e，  

toformulateinmathematicalformand，therefore，tOimplementintoFOm－  

p11terS．Lookjzlgbackthehistoryofthe＄tudyofhumandecision－making，  

wefoundtllatSeVeralnormativetheories，SuCha50ptimizationtheory，the－  

oryofgames，theory ofpreference5truCttlre，utilitytheory a，ndmultiple  

objeetjvedecisjontheory，havemadeonlypartialsuccessindescribingthe  

attribute＄Oflmm8n deci写ion－making．This simply due to the fact that  

thewayofhumanthinking15nOt atal1norm＆tivenorrationall）ut Very  

CO王Iditjoれ81ina5eれきe抽atallumanu5e8jllhi5ded5jon一皿akinghiswl101e  

accmlationofexperiencesacqu止eddwinghisentireh良・   

It seem5tO be very attractive，therefore，tO decompose tlle htlman  

deciすjo几・m濾血gprece88intoelementarypreceβ脚and tDaC川md8te・8β  

m8ny the elementary processe8aS PO55ible so tht one caJlreCOnStruCt  

deci5ion・makingunderglVen5PeCiRedcondition＄bytraver51ngOVerthe8et  

or仙eelementaryprOCeさ5eg．Thellu皿andeciβjoll－m8kjllg∫epreき肌ta扇onof  

thistype，Whichw850nCeOnlyadream，CametOrealitywhencomptlter  

capabilityinhardw8reandinsoftwarebecameabletorealiEetheschemein  

expert5ygtemS．Expertざy5tem5b8Ve血awnmlユdiIltereStD！peopleintlle  

decisionBCien⊂eS．ThiBiBOnebreakthrotlghinthemechaniz8tionofllum8n  

deci5iom－m止img．   

AnotIlerbre8k七山oughcame丘om旺enotiol10r如才gyre8gOningb88ed  

OnthefuzzysettheoryintTOducedby Zadeh，Fu乞8yreaSOninshaBaVery  

StrOngafRnitywithexpert systems，Sinceito爪汀SaVerygOOdmeansfbr  

conveTting甲alitativeintoqnantitativereasonlng．Thecombin8日onorthe  

fuzzymodelingandexpertsystemsprovidesane爪！ctivewaytoimplement  

SO－℃anedinte揖gentdecisionsuppoTtSyStemSintocomputers．   

Environmentalproblem写are by their natuEe SOCi81problems gjzICeif  

ther？i5nOhumansociety，thereisnoenvironmerLtdproblem・Wemstde－  

Veloppropermea・nStOhandlehtunandecision－m8kingwithinenviromlent81  

problemsoIving．EvenintheanalysisofenvironmentよIphenomena，Whjch  

isoftenthought tobedonepurely scienti丘ca皿y，humandeci＄ion－m＆king  

－111－■・▼   



Plays8VerylmpOrtantrOle，5inceenvironmentalphenomen8are苧OCOm－  

plextl18tnOg】ngleJ10rm山tiplecombinatjo王10fnormative5Cjenti月cw8yタOf  

analysismaybeabletoanalyzetheentireschemeofthephenomem，＆nd  

比ereゐre旺euseofllumandeciきio∫l－maki工場15jn揖5peI158ble．   

Thi5rePOrtintendstomake＆fLlrtherstepintheprogres90fthestudy  

Ofhumandecision－m由血g．Wewouldbeveryhappyif仙sreportbecome9  

0fanyhelpfbrpeoplewhoa・reStrugglingwithcomplexenvironment81phe・  

nOmeIla．  
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A】∋STRACT   

Socialphenomenarelatedtoenvironment81processe5aregOVernedby  

complicated factor5SuCh as urbanization，aglngPOpulation andinterna－  

tionaltrade．Future environmentalconditions are becoming di氏cult to  

predictbyindividualdi5Ciplineorresearch．Estimationshouldbemadeby  

systematicallycombiningtheskillsofexpertswiththeavailablen11meric81  

data，WehavedevelopedacomputersystemforstlPpOrtingthe＄eOper8T  

tions・TwonewtrendBinsystemsapproachase：1）incorpor8tinglmman  

jtldgmentandexperienceiAthesystem，and2）greaterinter8Ctivet18eOf  

computersinaconversationalmanner・Thissy5temisbaL5edon8rti魚cialin－  

telligencetechniq11e5aSWellasusualno叩Iativeones8ndisu8edrecur9ively  

tobuildmodel＄forpredictinghtureenviron皿ent81conditions．   

First，a COmP11ter SyStemfor supportinginteractivemodelmgispre－  

sented．Thi”yStemlltilizesgraphicalinLbrmatione蝕ctivelytof8Cilitate  

notonlyhuman－COmptlterCOmicaLtionb11talsointerpersonalcomm11－  

nic8tion．Asanapplication，WePreSenttheprocessofidenti＆ing8nenvi一  

丁OmnentalpTedictionmodel．Itisempha如edthatthさCOmpllteT叩鵬em  

greatlyredllCeSthebtudenoftrialanderrornece858ryindevcIoplng8uCh＆  

model，andhelpsusthinkabouttheproblemsystematicauyandintensively．   

Second，fuzzymodelingandsimulationtechiquesarepresented．The  

h乞五ymOdelingtechniqueisused払rmodelingnonuneaT叩StemSWithttle  

aidofthedivisionofthedataspaceandtheidentificationofmernl）erShip  

functions．Thefuzzy simllhtionteclmiqueisusedfbrrea層Onable9Cenario  

lnPutSamdinterpreta，tionofthemodelbehavior，Theproposedteclmique5  

areappliedtoanurba，nenViron皿entalproblem．   

Third，amethodis presented forpredictingphenomena consistingof  

ma寧yCOmplicatedfactors′bymodelingtllePrOCeSSOfhumzLnthinkingand  

j11dgment．Input－Olltp11trelationsofthe8yStemaredescribedintheform  

Ofif・thenrule5・Then，qSlngfuz石yreaSOnlng，tllebehviorofthesystem  

Willbepredicted．This methodis applied to thepredictionofOxidant  

COnCentrationintheOsakadistrict，J8pan，Itisshownth8tthismethodis  

aLpPrOPriatefbrpredictingphenomena・Withlimitedinput－OutPutdaLta・  

一1－   



Finally，aninte11igentdecisionsupportsystemispresented．Thi5COm・  

puter5y5temajm5at止e5yきte∫natjcきuppOrtO∫8さerie50ft8止き舟omβyき・  

temsan81ysistopolicyanalysisbytheaid′Oftheabovementiomedtech・  

mques弧d byintegrated uti山路ti♭nof止ehowledgeandjudgme】lt Of  

experts丘omreleva・nt丘elds・Theapplicationpre5enteddealswiththepro－  

Ce8S朗iJIYOlvedin弧81y別nge】lYj∫Onme血dproblem5弧d止eゐrm血8tjon  

Ofa・hzzymodeltoe5timateenvironmentalimpactofpossibledevelopment  

progr8minTbkyoB町，J8pan．  
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Chapter 1 

Introduction  

1．1Introduction and HistoricalRemarks   

Thecomputersystemthatwehavedevelopedaimsatthesystematic＄up－  

port ofaseriesoftasksfiomsystems analysistopolicy analysisbyinte－  

gratedutilizationoftheknowledgeandjudgmentofexpertstogetherwith  

theavailablenumericaldata．The5yStemisplamedtobeusedfor：iden・  

t勒ing socio－eCOnOmic trends over the timesp8n Ofa couple ofdec8de8，  

Predicting theimpact ofthose trends on ou∫enVironmentunder the88－  

Sumedscenarios，andselectingtheimportantpolicyalternativeswhichmay  

in且uence those scenarios．   

Weshouldkeeplnmindtha．t anyprecisemodels ofrealitywillnever  

incorporate auhuman concernS．Thereわre，the models5houldbe built  

interactively，1nVOlvingnotonlytheanalystsbutalsothedomainexpertB  

andthedecisionma，kers．Theirperceptionoftheproblem，therelevantd＆t＆  

andthemodelvahdityshouldbetakenintoaccountinmodelbuildingso  

that themodelc8neXPreSS theirgoals andprefbrence＄Withinade且ned  

reliabihty．Theinteractionises5entialattheplannlngSt＆gea9We11，andit  

Shouldbedynamicbecausethedecisionmakerstypic811ylearnWhen11叩Ig  

8decisionsupportsy5temWith丘Ⅹedprefbrence8．   

hordertomakegoodllSeOfinteraction，theⅢPPOrt SyStemmu8tbe  

inte11igent・Thesystemshouldhveaworkingare＆intheknowledgeb＆Se  

叩雨em・Frameworksofdynamicknowledgeutiliz＆tionshouldbede＄igned  

＄Othatweareablenotonlytoretrievedat80rhowledgebuta・lsoto8Cqlure  

OrmOdifythi5interactively．Atthemodeling5tage，themodeliBidentified  

inpa．rtsandassociatedstepwi5ewithmentalmodelsfortheobjectzLndthe  

－ 3 －   



knowledgeinthesupportsystem・Theregi5teredknowledgefbrmodeling  

ⅢppOrtC8nbeimprovedbo比imqua鮎ty弧dqu8ntjtyby血ere5山tさOrd8t8  

analysi80rbytheu8er5’perception・Attlle’plamingst＆ge，theknowledge  

ba層e5yStemShodd8血gge5t the objectiveofoptimi五ationortheorderof  

prlOrjtyjncon5t一山R七夕．Ⅳewknowledgecanbeobt乱inedbycongjderhg一九e  

gapsbetweenthetargetandacttlZLlplan，Orthefb＆8ibility8nde鮎ct8Of  

thep18n（Nishioka，Morit＆，ⅩaimLmaandHarasawa，1987）・  

ItisdiLRculttoformulateaprよcticalmodelた■r＆hrgecomplex8y8・  

temthatincl11de5hu皿anelements，forex8mple，theenvironmental，tra伍c，  

econpmicoro血ersocio・tedmic81sy如e鱒．Hen⊂e，iti8e5Senti81tocom－  

bine tllem8一九em8tic818pprOa血wi仙血elle血8【ic8pprO8dl（Ⅳ慮8mOri  

ⅦdS8War8gi，1g87）・   

NikamOri（1989）h8developedacomputersystemthata”i5t5inmodel  

bllildingwithrecur8iveinteractionbetweenaLmanandcomp11ter．The8y8－  

temconsist＄Ofa combined modeling techique ofdgebr8ic＆nd gr8Ph－  

theoreticapproaches，andrelatedm8mTmaChineinterface＄（N8kamori，Ry－  

obll，n血w8andS8Waragi，1985）・Althollgh88imuhtionmodelmu5tbe  

comprehensible，neXibleandsimple，itneed5tObeappropri8telycomplex  

brthepl甘pOSeOfdecision－making・   

Recently，i11－de血edsystemsarebeingmodeled，inwhichemphsis山e＄  

onstrtlCtureCharacterizationinsteadofparametereStimation．hfact，Lin・  

stone，Lendaris，Rogers，WakelandandWi11iams（1979）identifyabout100  

struCtlnalmodelingteclmiques，amddevelopguideline5inthechoice8nd  

properuseofsevenfamOuStOOIs・Theydefinea8truCtlnalmodelaB“＆ny  

modelthatrepresents＆COmplex5yStemaS8SetOfelement8Withre18tion8  

一皿eaflyalw8y5jmpairぎー揖止inggomeor8山orthem；8ndp18Ce8旺eem－  

phasi50nthegeometryorstruCtureratherthnonquantit8tive＆8PeCtBOf  

therelations・”Becausedecisiozl－maker8aLregener811ynotm＆them＆tician8  

0rgCje王l亡ig叫a由uctu∫dmodelis伽moreapproprjatefb∫1earnlngeXpe－  

rience・ThestruCtureOfa8yStemi5fundaLmentaltothellnderstandjngof  

whati5happerung，ItglVeSneWinsightsintotheByStemtOdeci5ion－m濾erさ  

8王Id班emoddersa5WeⅡ．   

StruCturalmodelingistlSefulfbrdealhgwithcomplex80Ci818ndenvi・  

ronmentalphenomena．StruCturalmodelsdemon＄tr8tetheinteractionsof  

抽e5eparateelementsor8gy5亡em8皿d班eircombinede鮪ctぎ．Ⅳ即bergand  

－ 4 －   



Jolln50n（1979）statetllat雨ructuralmodelingisatecb皿iquetも8tllOld8  

promise8＄＆me8mSforexaminlngthemake11pOfcomplex8y8temSand8180  

glYlnglnSigllt8boutlong－terme鮎ctきOr血弧ge・   

LendaLri5（1980）emp王1aSizestheimportanceofqu且Iit8tive（geometTic，  

topoIogical，etC・）aspectsra・therthnexactn11mericalor＄t8tistica・lproper－  

tie5Ofthesystemsbeingmodeled，StruCtu∫almodelinghold5thepromi8eOf  

convertingacompletelyintuitiveproce粥OfmodelbuildirLgintoamore8yS－  

tema亡icappro8Ch，ande血弧Cingcomnlu山cationWitム血aムeterogelleOu5  

grOup・   

Lendaris（1979）alsopointsoutthtthehunanaSPeCtSP18y甲im－  

portantroleinstructtlralmodeling・Thetwoaspectswhichmustnotbe  

overlooked8re仙eth∫eehum孔nrO王e雷amd止egroupprocedure5，Tll朗erOleざ  

arel）themethodtecImician，2）thefacilitator，and3）thep8rticipant・The  

groupproceduresassistmodelersinde丘ningtheelementsofthesystemto  

be modeled，   

nomamongthemamytooisofstrllCtlmlmodelingwee又traCtthecon－  

cept，forollrPurPOSe，丘omthehterpretiveStruCtlAalModelimg（ISM）pro・  

posedbyWar鮎1d（1974）・Comi）iningvariousmethodologies，Wehavedevel－  

OPedhteractiveModeungSupporter（IMS）・Thesystemcn＄istsof9eVeral  

modernmOdelingtechiqueswithhighlyinteractivehtmlan－COmPuterin－  

terf8CeS，A8anaPPlicationof11SlngIMS，WepreSenttheproce8SOfidentibr・  

ing8nenViroIlmentalpredjctionmodel（Nahmori，Ni9hioh弧dl（ainum8，  

198叶   

Fuzzysettheoryalsoplaysanimportantroleinmodelbuilding・The  

concepto一山乙乙ySettheoTyWasintroducedbyZadeb（1973いose－Ve壬漬・8  

meansofapproximatecharacterizationofphenomenathataretoocomplex  

ortooill－definedtobedescribedinpreciseterms．   

hmodelbuildizlg Ofenvironmentalsystems，WeOftenencounter dif・  

ficultyin obt＆inlnglinearmodels．Fuuy modeling15akey to expre88  

non血ea一丁elationさ（T故agi姐dSⅦgenO，1985）．SⅦgenO弧dX弧g（1g88）  

havedevelopedafu”ymOdelingtechiq11et Theydi9C116Stheproblem80f  

struCtl汀eidenti丘cationofahlZZymOdelaLndformulateitsprocesse8・・   

lnfuuymodelingtheda・taSPaCeisdividedintosever81fuz名y引1b＄PaCe8  

zLnd■ineachfu㍑ySubspacealinearrelationisbuilt．Iti8uBual1ydi瓜cult  

topdivid色th占d8taSPaCeSOthatwecanlfind＆畠uitiblemodel，Weh8Ve  

－ 5 －   



developedasupportsy8tem，VisualClusteringSupporter（VCS），Lbrthi＄  

pllrPOSe・Wehaveal80developed ControlledFhzzy Simuhtor（CFS）for  

controllingtheLinplltr8nge8・WithVCSand：CFSwecanobtainaBuit＆ble  

hzzymodelforenYironmentalpl弧山ng（Nakzmori8ndXainuma，1989）・   

Itoftenl18PPen5thatalthoughwecannotobtainsu侃cientntuTleric81  

datatobuild11P＄tatisticalmodels，Wehaveto＆nalyzeenvironmental＄y8・  

tems．：Thi5make＄eSSentialtouseexperts’knowledge8ndjudgment fbr  

aAalyzingenvironmentalsystems・Approxlmatecalculusoflinguisticvari－  

ableshasbeendevelopedwhichcouldbeofuseiAaWidevarietyofpr8Ctic8l  

8ppuCations（Z8deh，1975）・   

Aれ1ZZyCOntrO11erisoneexample・Thebasicideabehindthi”PPrOaCh  

is toincorporatethe”experience”ofanexpertintotllemOdelbuilding・  

Flomasetoflingllisticru1esthatdescribetheoperator7scontrol＄tr8tegy，  

8COntrO181gorithmis con5truCted where thewords arede触ed8Shzzy  

SetS（l（ickert and Mamdani，1978）・The controuer’sheuristics t8ke the  

formofasetoflinguisticdecisionrulesthatareexpre55edquantit8tively  

andmanipulatedby11Singfuzzysettheory（ProcykandMamd8ni，1979）・   

Wenstop（1976）exploredtheideathatloos？1yde且nedBimul8tionmodel8  

0forganizationalbehaviorc8n5Ometime写yieldmoresigni丘cantinform＆tion  

thnconv？ntionalpreci5elydefinedones・lIepresentedaslmul＆tionstudy  

that＄hows that verbalmodelsindeed may yield signi鮎antinLbrm8tion  

based onrather generalpremises，Thisindic8te5tht they ma・y，under  

certaincircumstances，besuperiortocorre5POndjngconvention81simulation  

models．   

Xickert（1979a）alsodevelopedlinguisticmodeling・Thi8method－makeB  

useoflinguisticvariablesandlinguisticcausalre18tionshipsinste8dofthe  

numericalvariablesandrelationsthatareusefulinsy5temSmOdeling．   

WehavedevelopedIJinguist 

predictingfutllreenVironmentalconditionswithfuzzyreaBOnlpg・LFScan  

predictthechangespfenvironmentalcondition5bytheuseofthelingui5tic  

modeling・ThistypeofmodelisverylmPOrtant）becauseitisverydjfncult  

topredicttheresultsofpolicieswhichhavenotbeenimplementedinthe  

pastbythenumericalmodelingapproachL   

WeproposeamethodtopredictphenomenaCOmPO鱒d＝Ofmanycom，  

plicatedfactorsbymodelingtheprocessofhumanthinkingrandj11dgment・  

－ 6 一   



hpllt－O11tPut relationsoftheLSyStema，re describedintheformofif・then  

rule5・Then115ingfuuyrea層Onlng，thebehaviorofthe5yStemwi11bepre－  

dicted，WeapplyfuzzymodelingtothepredictionofOxidantconcentra－  

tionsinth占Osa．kadistrict，Japan，andshowthatitisappropria．teforthe  

Prediction ofphenomenawithlimitedinp11t－OutPut data（l（aimuma and  

Ⅳakamori，1989）・   

Itisnecessarytomakeestimatesbysystematicauycombiningthe8ki11s  

Ofexpertswiththeavailablenumeric81dataformodeling11rbanenviron－  

ment81problems・Toelicitexperts’knowledge，GordonandIIelmer（1964）  

proposedtheDelphimethod・Thismethodhasbeen widelyu8edtoget  
expert’8int山tionさy如em8ticauy．   

Recently，1mpreCi5ionindeci＄ionanalysish89beenmodeledbyuさmg  

huy set theory・Ⅹ8血ann aLnd GllPta（1988）propo9edav8riationof  

the Delpumethod under triang山arh芝野n11mbers．Tlley St8te that8  

longrangeforecastingproblemmust b占considered as8nunCertainbut  

notarandomproblem・Tlledirectuseoftheprobabili5ticmetllOd5ispot  

511itable．ThellBeOfhuynumber＄andhzzymethod＄Seem8tObemore  

comp＆tibleandwe11＄uited．   

Wat80n，Weis5andDonnell（1979）modeledimprecisionindeci9ionan8l－  

ysisbyuslngh名ZySettheory．FhEZinessontheptobabilitiesand11tilitie＄  

u8edinadecisionanalysisimpliesfuzzi11eSSOntheo11tptLt8，Theyproposed  

amethodた，rCalculatinglmPreCise，thoughinformative，9t8tement8abo11t  

theattra，Ctivene8SOfthedi拝もrentoptionsinadeci8iontree，Whichdepend8  

0ntheimprecisionofthehputs．   

1Iipel（1982）凱唱ge5tedmulticriteriamodelinginordertoselectthemore  

promisingalternative501utions．Thevariousalternativescanbecharacter－  

izedaccordingtobothnonquantitativeandquantitativefa．ctorsorcriteria，  

andthefzLZZyaSpeCtSOfthegiveninわrmationcanbeincorporatedintothe  

analyse5．   

ThoughtheDelphimethodisusefu1forobtainlngeXPert8’knowledge  

8yStematical1y，it alsoha8Shortcorrung5．There aretwomainshortcom－  

1ngST Onei5that experts may assune di爪汀ent Premises and an＄Wer a  

questionnaire丘omdi爪汀entpOintsofview．Theotheris thataggregated  

Opinionmaybele5Sreuableifopinionsof．difrbrent叩eCialist＄areCOunted  

eqllally・U5ingfuzzysettlleOry，Weimproved、theDelphimethod8ndcol・  
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1ectedceTt孔inkmowledgeaboIJtnltllreSCenaTios（Morit88ndKahum8，1989  

mdMorit8，Ⅹ扇n11ma，H訂88aW8弧dN血和gi，1990）．Tl血knowledgei8  

tr弧51atedimtoknowユedgedaね弧dp雨加0ぬeXnowledgeB8ge（Ⅹ血una，  

Morit8mdN8k8mOri，19888nd1989）・   

Elicitedknowledgeoride＆SareCOZnl）inedtodevdop8grO11pPrOdtlCtOf  

九iダんer叩αi毎払anotherwiseⅦSuanyaV扇1able．Anw血erofto018b8Vebeen  

developedtoassi＄tinbuildingaLndanalyzing8truCtlualmodelさ（HzLrZLry，  

Norm8nandCaLrtWright，1965and鱒arary，1969）・Antomaticgr＆phdr＆W・  

1ngandre8d8bilityordi8gr8mS訂eimportantf8CtOr8払rlmder5t弧揖ng  

ellγj∫On皿ental5truCtⅥ∫eβ．   

Cros81ngtheoryofmultileveldigraph＄h5beendi8Cu88edbyW8r鮎Id  

（1977）・LempelandCederbaum（1966）s11ggeStedamethodtodetermine  

aminim11m＄etOfarcsofanarbitrari1ydirectedgraph・S11giyama，Tagawa  

andTbda（1981）haveproposedmethod＄fbrgener8ting8Vi＄ua11yunder－  

Standable血awingofahierarchya11tOmaticauyby computer．Tamassi8，  

BattistaandBatinl（1988）5urVeyedthemethodsofautom8ticgr8Phdraw－  

ing丘omthepointofreAdability．   

WeextracttheideafromthemethodsproposedbySugiyam8，T8gaW＆  

andToda（1981）払rdrawinggraphsautomatica11y．Thisisbec＆u5etheir  

血ethods aree由y toimplement a，nd the results arereadable．We have  

modi丘edthemethodsanddevelopedVistlalStruCturingSupporter（VSS）．   

StaLnCiulescu（1986）presented principles ofmodeling and Bimul＆tion  

oflarge－BCaleandcomplexsystems．1IestlggeStedmzlthematic81－heuTistic  

modeliれg，Wl扇dcanbeuきedbo班i】lきjmu18tio王1and control．TllemOdel  

c。n9i8t80ftw。P＆rtS：1）＆＄tandardsimAntionm。del，C。mp。Sedfa8et  

ofnon・lineardi爪汀entialequation弧d2）aheu∫isticmodel，COmPO§edof  

8Set Oflogic81Tlinguisticrules，derivedfromthe actllalproce8S．AB8n  

appucation，hestu心edthecase．ortheecologic81叩Stem・   

Wesometimes且ndhE2iySllbspacesinwhichwec8nb＆relyob七山nlin・  

e8rmOdel＄becmseoftbenatu∫eOfthed8t8・TodealwithtlleSeCa引沼，We  

pTOPO5eahetuisticfuuymodelingthatdevelqp8aPattemOr血e＆rmodel  

fore＆Chexp18inedvariableineachsubspace・Thismodcldifrhsfromtl18t  

or Stanciulescuin that a heⅥ∫istic一山e or St8nCi山esc11’5mOdelconcerns  

parametersofdi蝕rentialequations〉Where＆SOturuleconcem8POBBibility  

distributionbfd8ta．hmodelbuildingofenviron皿ent81problem8，itisdi仁  
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Fig・1・1 0verviewoftheintelじgentdecisionsupportsy＄tem  

ficulttoformulateamathematicalmodelbydi鮎rentialequation8，Whereas  

itiseasiertoobtainpossibilitydistributionofconcernedvariables・ 

Withthedeveloped＄yStemWehaveanalyzedenvironmentalproblems  

inJapanintheearlystageofthe21stcentury・WeobtainahヱZymOdelfor  

predictingNO2COnCentrationbasedon5eVer81futurescen＆rios（l（ainum8，  

N故amoTi弧dMoTita，1989and1990）・  

1・2 StructureoftheSupportSystem  

AninterdlSCiplinaryapproachisneededtoidentifythe3truCttLTeOfenvironJ  

mentalproblems，becauseitiscomplicatedby岳ocio－eCOnOmichctors＄uCh  

astlTbaniaation，aglngPOPulationandinternationaltrade・Wehavetried  

toidentifyenvironment8lstruCtureSbyutilizingexpertsIknowledge8nd  

judgmentsystematically．Whennumericaldataafeavailable，WeCa・nbuild  

computersimulationmodelsandanalyzelenVironmental＄yStemSquantitzl，  

tively・Wehavebuiltacomputersystemforsupportingtheseprocesse5・  

Figurel・1illustrateshowexpertsldecisionmakefs・aAdaLnalystspartici・  
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A上巾tic山  
P∫○⊂モりモ‡  

Dt⊂i，io爪Support5yltem  

Fig・1・2 StruCtl旺eOftheintelligentdecisionsupport8y8tem   

P＆teinmodelbuildingwithhtelligentDeci＄ionSllppOrtSyBtem（IDSS）・  

Figwel．2iullStrate5itssubsystems．   

XnowledgeB8SeMan＆gementSystem（ⅩBMS），Vi引ユalStruCtllringSup－  

porter（VSS）弧dLimguistic印z苧ySimd8tOr（LFS）havebeendeveloped  

ゐrjdeRt勒血IgeRViromme皿ねIproblems・Ⅹ8M5storesknowledged8t8七山t  

COntaincauseandeffectrelationsofenvironmentalproblems，andrFtrieves  

anddi5play5thesedataimmediatelyonrequestinanunderstandableform．  

VSSisde5ignedtoobtaine拝もctiverepresentationsofsystemstruCtureSby  

linkingknowledgedatatogether・LFSperformsfu名石yreasonlngbyquery－  

1ngauSerabo山interactio¶LamOnglmpOrtantf8CtOrSSuCha51ei5Wetime，  

qu8日tyOrli良弧dtra伍c叫S8nCe・   

DataBaseManagementSy軍tem（DBMS）ha・Salsot｝eendevelopedLbr  

understandingnltureenViro甲nentaltrends・Thenumeric81data8tOredin  

DBMSarere18tedto＄OCio－eCOnOmicandenvironmentaldomains，Software  

andtherelateddataba8euSedinSAPIENS（Sy5temSAnaly5i88ndPhnninB  

onhte11igentENvironmentalinLbrmationSy5tem）areexplainedbyNish－  

iokaandⅣdto（198叶．TムetimeSerieさdataorthe188t20ye8r＄i8C18頑鮎d  
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intoabout200seriesofinternation81data8ndmoreth8n8008eriesofna－  

tionaldata．Thelatteri5hTtber c18S8i£edinto5708eri朗Ofprefもctw山  

dataand250seriesofmnicIPaldata．Thi5dat8Canbeea8ilyretrieved  

anddisplayedintheformofgraphssuchasmap90＝Catterdi8gr8m8，The  

ntlmericaldatabaseisalsoaccessedwhendeveloplngStatistic81models・  

InteractiveModelingSupporter（IMS），VisualCln5teringSupporter  

（VCS）andControlledFuzzySimulator（CFS）havebeende†eloped  

hras＄istinglnmOdelbuildingbyuslngnumericaldat8・IMS a層Si鵬Bin  

statisticalmodelbuildingbyuslngStlChfunctions8SgraPhicrepre8entation8  

0ftheobtainedmodelstructllreandselectionofexp18n＆tOryV8riables・We  

50metime8enCOunter aCaSe Whereitis very di伍cult to obtain aglobal  

linearmodelfbranonlineaJSyStemSuCha5anenVironment81L5yStem・If  

so，Wedividethedataspaceintoseveralhzzysubspace5andine8Chfuzzy  

stlbspacewe丘ndasetoflocaIlinput－O11tP－1trelationsdescribingacomplex  

system・VCSisdesignedtodividethedataspacewithstepwiseclusterlng・  

CFSisdesignedtosetvaluesofexplanatoryvariablesandtorepresentthe  

modelbehavior．   

Tomanagedi恥TenttyPeSOfmodelstogether，ModelBaseM8nagement  

Sy5tem（MBMS）ha5beendeveloped・WecanaddtlP－tO－datesubmodelsto  

thesystemwheneverwedevelopthem・Combiningsubmode15witll・future  

scenaTios，WeCanpTedicthtnTeenViTOnmntdconditionsw他pTeSCTibed  

con負dence．   

ThesystemrunSOnSun3／160cunderUNIX・Mostbftheprograms8re  

writteninClanguage，TheprogTamS払rsta・tisticalanalysesarewrittenin  

Fortran．Manyexpertscanp＆rticipateinlong－termSimul8tion，lookingat  

thecomp11terO11tPutBdisplayedonalargescreen・  

1．3 0utline   

Chpter2presentsahighlyuser一正iendlysoftwarefordeveloplngm8themat．  

icalmodels．Thesy8temCOn＄istsofseveralmodernmOdelingtechnique8  

withhighlyinter那tivehuman－COmPuterinteffaces・Section2・2givesthe  

function80fIMS．Section2．3de8Cribesanapplicationtothepredictionof  

NO2COnCentration・Section2・4givesthepurpo5eOfdevelopingIMS＆ndits  

advantages・Thesystemassist＄inmodelbuildingandreduce5theburden  
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oftri81anderrornece関村yhrdeveloplngaCOmputer8imd8tionmodd．   

Chpter3pre8entSafu五ZymOdehngteclmiquewith＆ViB血18ndBtep・  

wi8eCln如eringmethod，8ndah五男y8im山ationtedmi叫efbrrea80n8ble  

8C肌打ioinp山8ndinterpret8tioI10rtIlemOdelbel18Vior・Sec亡血13・2de・  

scribe88tepWisemodelingbytlle118eOrVi肌は1clu8terlngteCh山q11e・Sec－  

tion3．3de8Cribes asirnulationteclmique．Aninp11t8dmi8Siblefunctioni8  

de鮎1edfbrre8SOnablescenarioimputs・Con丘dencefactors狐ddegree80f  

5C8tterarede鮎edto5㌍tOWhiclldegree旺eobtahedmodeli88山tedfbr  

8imul8tion・Section3・4showsanapPlicationofthesimulationtechniques  

tothepredictionofNO2COnCentration・SeverdfuzzyrulesaLreCOn山一11Cted  

Withtlledevelopedsystem・   

hCllapter41i王Ig山きtic良1ZヱymOdelingi5p∫e5e】lted．hp11t－OutputTd8－  

tion5Ofthesystemaredescribedintheformofiトthenrule＄．Thenu51ng  

fu正之yre？SOnlng，thebehaviorofthesy5temWi11bepredicted・Section4・2  

de5Cribes acheck sheet for the prediction ofOxidant concentration．Its  

re5dti5COmparedwitll血ato‖通関＝eaSOnlng．Section4．3exp18insthe  

methodoffuEZyrea層Onlng．Section4・4describe5itB8PPlicationtothepre－  

dictionofOxidantconcentration．InSection4．5someproblemitl18t8ri8e  

inbuildingfuzEyrulesarepresentedandtheiimodiRcation＄are811gge5ted．   

Chapter5presentstheidentificationofenvironmentalproblemsby11B－  

1ngIDSS 

COllectingknowledgeas wellasnumericaldata，identi付ingthe＄truCttlre  

Oftheproblemandanalyzingenvironmentalcondition＄tho11gh1ingui8tic  

払方2；ySimulation．Section5・3describesthemodelingproce5Sthtcon8i5tB  

ofbuildingcomputersimul8tionmodelsbycombiningexpert’8judgment  

andnumericaldat＆．Section5．4describes the simul8tionproce8さth8ti8  

usefulforpredicting htuleenVironmentalconditions by a5SlmngさOme  

policy scenarios・Anexampleis consideredin Section5・5，Showinghow  

simulationmodelsareblliltwiththeaidofthedeveloped5yStem，  
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Chapter 2 

Interactive Modeling 

2．1 Introduction  

Itisahardtasktoidentifyenvironmentalsystem5，becausemanyfactors  

areinterrelated and the future condition ofeach factoris somewhatun－  

cert8in．Aheuristicapproachthatutilizestheexpert’sjudgmentandthe  

abilityofthe computeri8needed when we have to buildup amodelof  

ill－definedsy＄temS．ThisapproachishelpfulforresoIvingact11alaIldcom－  

plexproblemsandforbridgingthegapbetweentherea，1systemandthe  

modelingtbeoTy．  

Checkhnd（198l，1983）pointsoutthecomonparadigmbetweentra・  

dltionaloper8tions research，SyStemS englneerlng and9y＄temS＆naly5is，  

andcal15themhaTdsysiemsapp7Y）aChe8．Accordingtohim，thecommon  

p8radigmistlleaSSumptionthtwecanrecognizeoridentifytherealityby  

observationandanaly五eitbythemethodsinnattLral8Cience．Umderthi8  

as5umPtion，he contin11eS，the subjectivityorperceptionoftheobserveT  

Ca，nnOtbetreated，andtherearelimitationsintreatingthecomplexity・He  

thenprol）．OSedthe8qflsy8te77Wthinkin9，emphasizingthecycleofmodifi－  

CationorlearnlngOftherelevantpeople’sperception．   

h this cha・pter preSentedis hteractive Modeung SllPPOrter（IMS），  

Whithi＄ahighlyuser一丘iendly softwaretodevelopmathematicalmodels   

Ap＆rtOfthiBCh8pterW＆8publi8hedinTF＆nB・OfthcIn＄tit11t亡OfSyBtem8．Contr01  
8mdlmform8tionEngine…（す01・1，mO・5，pp・160－168－1988）byY■N8bm。ri，S・Ni8hiok8  
and M．K8imum8．  
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insy8temanalyticresearch・InteractiveModelingSupportSy8tem（IMSS）  

WaSdeveloped 

fectivelytofacilitatenotonlyhum8n－COmPuterCOmicationbutal80in・  

terpersonalcoInml血cation（Ⅳ血mori8ndS8Waragi，1987）．Tld8h88been  

improvedandintegratedtohte11igentDeci5ionSupportSystem（IDSS），  
Whichisusefulforscenarioanalysisamdsen＄itivity8nalysi58gWell8Sfor  

developlng8tatisticalmodels．   

AsanaPPlication，theproces50fidentifyinganenYironmentalpredjc－  

tionmodelispresented・Itis emphsized thatIMS greatlyredtlCe8the  

burdenoftrialanderrornecessa・ryindeveloplng＄tlChamodel〉andhelps  

t15thinkabo11ttheproblemsystematicallyandinten8ively・  

2・2 FunctionsofInteractiveModelingSupporter  

Thepurpose上ofIMSistobtlildup amathematicalmodelof＆COmPlex  

SyStemthroughrec11rSivecommunicationbetweenexpertsandcomputer・  

The sy5temヒonsistsofseveralmodemmodelingtechniqueswithhigh1y  

interactivehuman－COmPuterinterfaces・Itsoriginalversionw8Bdeveloped  

onthe∴personalcomputerbyNahmori（1989）andnowitisimplemented  

Onthework5tationasanimportantpartofourhpportsystem・   

AsshowninFig・2・1，theinputstothesystemarea・＄etOfvariableB，  

meastllementdataandabinaryrelation，andtheoutp11tSareStruCturaland  

gtatisticalmodels・ThedataanalysispartglVeSumder8t8ndablegraphical  

expre＄SionsofmeasurementdatasothatonecantllinkofmodelstruCture8  

beわTeSt8tisticalmodeling・WearecontinuotlSlye18boratingthiきpart，re－  

ftrringtotheexploratoryd8taanalysis（nlkey，1977）．   

Thesystemincludesfacilitiesfor：  

・datatransformation，  

●5truCtu∫alanalysis，  

・如a亡iきticaimodeljng，and・  

● mOdelveri負cationand validation．  
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InteractiveModelingSupportSystem  

Fig．2．1 hput－OutPutrelationoftheinteractivemodeling  

SuppO一事SyStem  

Themodelingprocessuslngthesystemconsistsofthreedi鮪rent butin－  

terdependent stagesofdialogues as showninFig．2．2．Ofthef8Cilities  

mentionedabovelStruCturalanalysIS・isusedinal1threestage5，andi9the  

mostemphasizedfbatllreOfthesystem．   

TheJ：rstsiagediaLogueisreq11iredfbrpreparationofmodeling．Itin－  

Cludesinputofmeasurementdataandtheinitialver5ionofthecau9e－e拝もct  

re18tioI10nthesetofvariables・Ⅱ8nSformationofvariables，d8t85Cr畠；mlng，  

andre丘nementofthecause・eHectrelationarealsoexecuted8tthisstage・   

ThesecondsねgediaEogueisdevotedto兄ndingatrade－O紆betweenthe  

measurement data and themodeler’s knowledge about dependenties be・  

tweenvariables．Basedonthemeasurement dataand theinitialversionof  

thecau5e－eLrbctre18tion，thecomptlterCOntinuesto且ndamodelllntilthe  

StageWhenfurtherrepetitionwouldnotimprovethemodel．Ananaly＄tCan  

Choose anyoftheregressionmethodsfor selectingexplanatory variableB．  

The叩tionsinclude‥  

●brwardselectionprocedure，  

●backwardeliminationprocedure，  
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Fig・2・2 StruCtufeOftheinteractivemodeling8upPOrt＄y＄tem  

●allpossibleselec亡ionprocedu∫e，and  

●grOuPmethodofdatahandling■   

ThenthecorrespondingdigraphmodelsaredrawntOhciut8teunder－  

8t8ndingandelabor8tionoftheobtainedmodel・IfthestruCtureOfthe  
modelismodi丘ed，thea蝕ctedpart50fthemodelare＆g＆1nteStedwithre－  

gressionmethods・TheanalystmodiRe5therLeWrelationrefemngtothe5e  
comp11termOdels andhisknowledge・Theproce5S COntime8rePeatedly  
u最1noch弧geOCClⅡ50rtbeanalystis58ti8鮎dwitbthemod班ed－e18tion．   

The仏irdsね9ediaLpguei＄relatedtomodelsimpliRc8tionaJLde18bora－  

tion，ModelsimpliRcationisbasedonu81ngtheequivalencere18tion・Model  

elaborAtionisanaPPlicationofregressionanaly＄isincludingthehypothesi8  
testingonestimatedcoe伍cients，andexamination80ftheexplm＆tOryand  

predictivepowersofthemodel・  
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2．2．1 Stru（：tur81Consider8tion  

Attheむststage，amentalimageofa＄yStemisobtainedbyrefbrringto  

informationdisplayedonacomputer・Theinputtothe5y9temi8denoted  

by  

β＝（∫，ズ，R），  （2・1）  

where   

∫＝（訂1，正2，・・・，茫m）：Set Ofvariables considered88element80fthe  

model，   

X＝（al，α2，‥・，α．．）＝SetOfa11datapointsinR7TL，   

αJ＝（訂り，瑚，‥，£両）：メthdatapointinR爪，メ＝1，2，…，几，弧d   

R＝（rij）：initialver5ionofthecallSe－e鮎ct（binary）re18tiononSxS・  

NotetllatthesetSincl11desa11input，5tateandolユtPutVari8bles，andthe  

relation Rindic8．teS theirinterconnections．   

The struCttlralconsiderationofthe modeli5important fbr verif＞ing  

whether the modelbellaVeSin the overallfashion weintendit to，By  

the8truCtl∬eOfthemodelismeant thecause・emCt relationbetweenvari－  

ables，Tbintroduce the catLさe－e拝もct relation，tlle adjacency matriⅩR＝  

（r‘j），i，j＝1，2，・・・，m，isprepared；とheentries打ede触edby  

（2・2）   

To丘IlinentriesofthlSmatrixissometimesquitedi伍cultbecausethe  

statevariables（includingtheintermediateone5）ofteninfluenceeachother  

in5uChamannerthatiti5diLRculttoseparatec8uSeSande鮎ct8．Hence，  

theworkreqlllreS adeepin＄ightintotherealsystemunder st11dy・The  

burdenofenterlngtheadjacencymatrixisreduced，however，byinitia11y  

assqmingthevalidityoftra，nSitiveinftrence（War丘eld，1974and1976）・It  

isthenpossibletosubsequentlycheckthefe＄ultingadjacencymatrixby  

drawlngadigraphcorrespondingtoitandmod坤ingitifnece88ary・  
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2．2．2 FindingTr8de－0仔Structures   

Thepurposeofthisstep，Whichisthemain’bbjectiveofthesecond8lage  

diaLo91Le，i5tO且ndatrade－0ffstruCtuTebetweenthecomptltermOdeland  

thement8lmodel．Firstanenvironmentalmodeli80btainedbythemeth－  

odsofstepwiseor a11－Subset regression・（See fbrinsta・nCeMosteilerand  

nlkey，1977）・ThenthecorrespondingdigraphsaredrawntOfacilit8tethe  

understaLndingandelaborationoftheobtainedmodel・IfthestruCtureOf  

themodelismodi丘ed，thea爪∋CtedpartsofthemodelareagalnteStedby  

theregressionmethods・A5eriesofrecIPrOCalcon＄ideration5andc81cul8－  

tion畠bytheanalystsandthecomp11terarerepeateduntilthestruCtureOf  

themodelbecome5Satisfactorywithrespecttothecurrentproblem．Thi8  

pT（）Ce＝il…mm8Ti多edl）elow・   

LeIu，de餌etvo8nb書etち∫f姐d5㌢。f5ゎーe8血‡i：  

ギ＝（£ブ：りi＝2），  

∫ア＝（茫j＝γメi＝1）・  

Followingtheterminologyinstatistics，WeCauSftheeorevari＆ble9et8nd  

SPtheop山onalv＆riablesetforEi・Theeleme■ntsofSfarealwayMho8en  

astheexplanatoryvaria．blesfbrz：iaAdLthoseofSParecandidaieJ．When  

rji＝3〉正jdoesnotappearasanexplanatoryvari8bleforz＝iand2：jlS  

expTe5Sedonlywith訂i・   

Foreach訂i，ifSfUS？≠4・，thenthecoe氏cient盲oftheequation＝  

E‘＝C‘○＋ ∑云iゴ訂メ  

正メ∈ギ∪∫9  

（2・3）  

a，reidentifieduslngthemeasulementdataandaregre5Sionmethod．The  

criterionofgoodne55OfntusedhereistheconlroLLeddelerminalLoncoe伊－  

cLeni，i．e．，th．esqtlareOfthemodi丘edcoe爪cientofmultiplecorre18tion：  

∑ん（工iん一云iん）2／（れ一夕－1）  R2＝1一   
（2・4）  

∑鳥（訂iた一房i）2／（几一1）’   

where云ikisestimatesofthekthdata＝ikOfthevariable2：i，云ithesa，mPle  

mean of2：i，n themlmber ofd8taPOint5andpthenumberofselected  

explanatoryvariables（弓8）・Thesetofselectedvariables（whichinany  

c85einclude5au抽e亡♂柁Variabユe5）inc】ude5旺ecombjfl雨iol10fcd柁diddge  

v訂iablesthatyieldstheYalⅦeOrR2nearesttolmity・  
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The5ep8rateinterpretaLtionoftlleCOe瓜＝ient6isquitedi瓜＝ultorimpo8T  

＄ible．Therefore，atthi5SteP，the5uitabihtyofthe＄truCtl∬eOfthemodel  

forthepurpo＄eOfscenarioa・nalysisischeckedbythedigraph．  

2．2．3 ModelValid8tion   

hthissteptheexplanatoryandpredictivepowersofthemodelareex8m－  

inedbythefbuowingstatistics：  

・Standarderrorsofestimatedcoe氏cients，  

・t－ratiosofe5timatedcoefRcients，  

・5tandarddeviationofresiduals，  

●F－r8tioagalnStanu11hypothesis，  

・COntrOlleddeterminationcoe伍cients，  

・COrrelationcoe抗cients，and  

・re5id1181s弧dpredictions．   

Ananalystcane18boratethecomputermodelbyaddingorTemOVingsome  

explanatoryvariarblesrefむTlngtOthesestatistics■Iftheanalystwantsthe  

datapreprocesslng）hecancallthesubroutinesinthe丘rst5tage：  

・tranSformationofvariables，and  

●da・taSCreening・  

ItisdesirabletocboosepTOXyV8Tiables弘一mOdelsimpli鮎ationand  

elaborationifthereisachancethatthevariablesinanequivalencecla層8  

Can be connected：by alinearrelation，The variables are ehminated a層  

longasthered11Ctiondoesnotdestroythecause－e爪ICt relationstruCture  

neces8aTyfoTtheintendednseofthemodel．  
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Table2・11i如ofwjableきu∫edin止emode肋g  

V■r；8b】e   Symb01   

口  NO．eo爪C軸tr且t；ons（8nnu8l8Ver8g¢）   NO．   

2  popul■t】on   POP．tOt8   

3  popul山ioれdcn引ty   pop，dcns   

4  r山eorpopul山ion；h⊂r亡S8Se   pop．亡h■n   

S  membtr80rhou占Oh01ds   POp・hous   

6  －8rml8爪d8r亡8／山   r血rml且n％   

丁  bu；lJ；ngnre8／以   bujld；n，‘   

口  tr且rr；care血／kd   tr8rric％   

9  tota】；nduslri且】outpu也   ind■tOt8   

田  ●l■l    ●     l ●   ●  ■  ● ■ トヽ     ●   ind．proぐ   

‖  LoL皿IFndustバ8lo山put且OrnOn－prO亡eSS〔ypモ   ind．npro   

e01¶げnerCi且tSal円Y0lum亡●   lr8dl！   

13  ■nn皿l瓜Y即8g亡temp亡r8turせ   ltmpr■t   

11  ‘8爪皿血t■㈹叫印W布か止血硬   wi〟d，γモ】   

distd爪CerrOrnSe且   d；c．se8   

16  d；s10n亡℡rrOmm01】nl且in   di亡．mOun   

17  81山udl〉   8】t；tl】do   

18  numbroJ亡iti倒Within20km   citi長Z（I   

nu√nberorc；tiesw；しh；n40km   亡；tie340   

20  lr8rr；亡Orp8肇帥gere且巧■■   tr8r．C8r   

四  lr■rri⊂Orbus鴨■■  tr血ー．bリS  22  tr8rricor＄爪al】tru⊂k5‥  lr■†，S【r  23  l柑rriでOrb；gtru⊂ks‥  lr且ー．btr  ●：匹rlkd  ■■：tr8帖l8ted；nし○帥issio几   
2．3Interactive Systems Approachfor Heuristic  

Modeling  

Withthe8y5tem，anenVironmentalpredictionmodelhasbeenidentined，  

TheliβtOfγarjable5uきedjn班emodelingiき5howllin恥ble2．1．Tllemajn  

objecthereistobuild11PamOdelthatpredictsNOxconcentrationbyother  

variableslistedin Table2．1．Tho11ghitis very di凪cult to obtairt d8ta  

withoutmissingvalues，annually averageddatain22citie＄areCO11ected  

during three years，thatis，1977，1980a・nd1983・The citiesarelisted  

in Table2．2．Sixty－Sixlots ofannuauy averaged d＆tafor each vari8ble  
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Table2．2 もistofcities  

Pm一代tuM   Cily   

lb8I8ki  tかIiし○●Hit8くhi   

T∝higi  りbunom▲y瓜   

G冊m皿  一Maeb85h；lT8k且5■k；   

S血it8m且  －K■WagOeIIくaw－guCh；lur8Wa10hm；ylTokoro粗WallKoshig8y8   

Chib▲  ●II｛hik8Wd”Flln8ba8hi川M●budo■lK■5hiw■■■Ⅰ⊂hih8r8   

Tokyo  l一日■Ch；oji－M▲亡h；d8   

K■n8g■W血  “Yokosuk血■描r8buk■れFuji馳W■■S叩叩ih▲r■   

arelユ写edinthe analysIS，thtis，22cities x3years・1nterdependence  

ofvariablesis analyzedthroughprocesses ofbuildingregressionmodel8・  

RelationsbetweencityactivitiesandenviroIlmentalpo1111tionhvebeen  

如diedbyMorigtlChiandNishioka（1985）・Theseresult8arereftrredto8t  

eachmodelingst8ge・   

First，theinputdata8redividedintotrainlngandcheckingdata・The  

data meastuedin the cities ffomlto20in Table2．2are used as the  

trainlngdata・Theotherdataareuseda5thecheckingdata・・Thetraining  

data．areusedformodelbtlildingandthecheckingdataare11Sedformodel  

validation・Then，refemngtobasicstatisticsandhistogramsofthetrainlng  

data，50utlier5areidenti丘edandremovedfromthesetofdatapoints・Two  

dimensionalscatterplotsaredrawnforeachpairofvariablesandre18tions  

㍍ediscⅦSSedamく）ngan81ysts・   

lnltialinput oftheca・uSe－effect rela・tionisobtainedby thetransitive  

imbeddingmethod（WarReld，1976）・Fig11re2・3showsanopeningscreen  

Lbrobtainlngthecause－e鮎ctrelation・EntriesofamatrixshowninFig・2・3  

are丘11edinbythenumberOorlL Thenumberrepresenting8relationis  

restrictedtoOorlatthisscene，thoughtherearefourkindsofrelations  

intheentriesofanadjacencymatrixas showninEquation2・2・Thisis  

bec8uSeitisvery鮎氏c山t toclari付sucharelation・At thenext stage，  

therelationisobtained，reftrrlngtOOtherinLormationsucha8由ti9tics．or  

8C8tterdiagrams・・Whenanintermediatevari8bleispointedtoIind・PrOCfbr  

example，re18tion5betweenanintermediatevariableandothervari＆blesare  

8SkedbythecomputerandthecorrespondingentriesofthematriⅩareAlled  
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Fig・2．3 TheopenlngOftheintrod11Ctionofare18tion  

in・Byrepeatingthisprocess，areaChabilitymatriⅩisobtained．Figure2．4  

Showsireacha，bilitymatriⅩat the鮎st stage．Thena8keletonm＆trixis  

Calculatedandadigraphmodelisobtチined（Fig・2・5）・   

Hereitshouldbenotedthattheintroducedrela・tioni50btaLinedthrollgh  

thee爪〉rtOftrialanderrorandintensivediscussiontomodj舟themodel  

StruCtureby11Slngthedigraphmapsandvi8ualdi5P18ySOfdat8．   

Atthesecondstage，Variablesareselectedbyu51ngtheforward8election  

methodandinlbrmationobtainedattlteRrststage・Atthethirdstqge，the  

Obtainedpredictionmodelisexaminedbyseveralstatistic5，Theresultant  

modeli5fairlysatisfactory丘omthepointoft－ratiosandotherBtatistic9，  

buttheresultofsimulationisnotsatisfa，CtOry．Thenweretl汀ntOthesec－  

Ondstage，andinput－OutPutrela．tionsarereexamined．Here，theforward  

Selectionmethodi8adoptedagain・Figure2．6＄hows88y＄temmOde王con・  

Sistingofasetoflinearequations・Figure2・7isthecorrespondinggraphic  

expre5SionortllemOde15tr11Ctu∫e・   

■Atthethird5ta，ge，SOme5tatisticssuchast－ra．tio，COrrelation，COntrOlled  

determination coefBcient and F－ratioarecalculated．Table2，3shows the  

result ofalinear relation and some relevant statistics．Table2．4shows  

thestandarddeviationofresidualsandthemeansquareerror．Withthese  
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Fig．2．4  ATeaChabilitym8tTixattlle触it5hge  

Fig・2・5 Adigraphmodelcorrespondingtotheintioducedrelation  
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NO】（   ＝2．SO‘7e＋01－3．3る72e－01buildin‡－1．2098e－07ind．tota  

＋3．2710e－05ind．叩rO＋2．3貼Oe－01cities40  

＋2．0829e－03 tr8f．car＋2．8620e－04 traf．btr  

POP．hous≡3．32砧e＋00－S．1S93e－D7pop．tota－S．58んOe－05pop．dens  

＋7．00ち2e－03buildin‡  

buildinX＝2．3243e＋01－3．9占89e－OS pop．tota＋5．4968e－03pop．dens  

ind．npro＝2．D992e＋Oi＋2．4290e－03 

trade  ＝4．1107e＋D4＋‘，1321e－03pop．tota－1．358るe十00p8P．den5  

－1．39る7e＋04pop．hous＋9．2S48e＋01farm18n鷺  

＋2．3砧9e＋82buildin‡  

citie540＝‘．77S7e－01十3．2292e－03pop．dens＋1．8973e＋00cities20  

traf．b】S；S．5582e＋03＋1．2763e－D3pop．tota－1．占272e＋03pop．hous  

†占．4841e＋00build主n‡－1．30る2e＋01cities20  

＋1．288ちe－81traf．car  

traf．str＝－1．1000e＋03＋3．9占用e－01pop．den5＋1．4023e＋Dlbuildin‡  

＋2．4809e＋01cまties40＋1．0873e十00 traf．car  

traf．btr＝4．1327e＋D3＋1．6んS9e＋00pop． 

一1．4051e†02tr8fficX＋2．23S9e－82ind．pr9C  

＋る．5000e－03ind．npro＋7．9807e－01traf．st「  

Fig・2・6 Asystemmodelconsistingofasetoflinearequation5  

）  
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Fig・2．7 Agraphicalexpressionofthemodel鵬ructt汀e  

Table2・3 Aresultofthelinearregres5ion  

三三＝ Current いne■r Hodel＝＝＝ NOx  Retre8且■nd ＝＝〉 NOx  

V■r18ble  c00rrlt∋11！nt   書t且nd■rd error  t－r■tlo  eorrel■tlon  

bulldl几X   

lnd．tot8   

1nd．れprO   

cltle140   

tr且！．e■r   

tr■r．btt・  

dOnOt■nt  

－．ココ67t）◆00   

－．1210D－08   

0．ユ271D－OJl   

0．2348D◆00   

0．208：ID－02   

0，Z882D－08   

0．250Tt〉◆02  

0．1671D◆0（〉   

0．ヰ21ユD－0†   

0．62らOD－05   

0．5243D－01   

0．6006D－0：〉   

○，2583♪－03  

－．2（】15D＋01   

－．28†1D＋01   

0．523ユ8◆01   

0．41†5D＋01   

0．3168D◆01   

0．1108D十01  

0．4992   

＿．ヱ12：〉   

0．ユ582   

0．か＝川   

0．2854   

0．388T  

Dl！tr亡t■ Or Fre七d011 三 48   

・8．D．0r Re■1du81 ＝ 0．8688D＋01  

▲dJustモd良一8qunr七 三 0．5914  

F－R■tlo ≡ 0．140：lD◆02  

T（用．0．0らI ＝ 2．0106  F（6．48．0．051 ＝ 2．Z946  
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Table2・4Anexaminationofthepredjctivepowerofthemodel  

RE5UしT6  Re9re55且nd－ユ〉Varlable X21  RanltLng I 

Ca5e Nu口Iber  Hea5urement  Prl≡dlct10n  Standard Error  

6
一
6
6
6
6
6
 
 

0
0
0
0
0
0
 
 

N
N
N
N
N
N
 
 

0．1367t）◆¢4  

0．1207D◆84  

0．1217D◆04  

0．14S9D◆04  

0．1122D◆04  

0．12SID◆OJl  

D．】638D十D4  

0．】293D●04  

0．1370D◆0－1  

8．t5（；7D◆04  

0．1277D◆04  

0．1425D◆04  

8．288】D◆ロ3  

D．2758D◆○：】  

0．2754D◆03  

0．2892D◆03  

ロ．2897D◆03  

0．2919D◆03  

The Number or Ca5e5 ■ 6  C（〉rrelatlon tlれ巳a5．pre）・ 0．89S6   

日ean5qu且re Error・ 0．2821D◆05  日ea】1∧b501ute Error ■ 0．3282D◆00  

点gtues，thepTedictjvepoweTOfthederivedmoddisexa．mined．Notetht  

muche恥rti5neededagalnatthi5Stage・There山tshowninFig・2・6is  

actua11ytheonethatisobtainedafterseveralrepetitionsofthe8eStep5and  

intensivedisc11SSion．   

Atthesimulationmode，WelnPutVal11eSOf5Cenariovariable5andselect  

Variablestobepredicted．Thensimulationiesultsandthemodel＄tr11Cture  

aredisplayedonthecomputer・Fig11re2・8showsthesesimulationresdt＄．  

Slmulationresultsofuptosixvaria・blescanbedisplayed．nendsofvari－  

ablessuch・a5〃0訂，けαJ・bM，and如J／i亡％心splayedinFig．2．8areex－  

aLminedfbrmodelvahdity・FigtLre2・9showsanexa皿ileofthesen5itjvity  

analysisbylinearprograrruTung■Theco蝿cientsoftheobjectivefunction  

ShowrLinFig・2・9aredenotedbyαandβ・The・凸isgivenbythereciprocal  

OfthestandarddeviationofNO訂，andtheβisgivenbythatoftrade．  

TheupperlimitofeachvariableisglVenby磨i＋qiandthelowerumiti8  

gJVenby云i－qi，Where句denote＄．themea．nandq‘thestandarddeviation  

Ofeachvariable・There訂ultoflinea・rPrOgrammlnglSglVeninTable2．5．  

ThemodelvalidityisexaminedfiomadiLrerentpointofview丘omtht  

mentionedaboveatthethirdstage・   

Astimeseriesofenvironmentaldataarelimited，Wetほedataftomdif－  

fbrentcities・Themainpurposeofthi＄mOdelingistoanalyzethee拝もcts  

OfcitystruCtureOnenVironmezltalconditionssuchasNOxconcentration  

andtr8凪cvolllmeS・Tbchecktheobtainedmodel，WeeXaminewhether  

themodelbehave5reaSOnablywitllthechedingdata，T8ble2．4sh。WSthe  

predictionTeS山tsb－thecheckingdat8・hT8ble2．4，tムev訂jable加／．ふひJ  
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23  

Fig・2・8 Thescenarioanalys15inthethirdsta・ge  

J一々（NOx）－1（lr且de）】0．4382  

（1） NOx  

（12〉 trado   

（21）tr■i．い柑  

く8） pop．hou書  

（23）tr■l．btr  

（10）llld．prl】亡  

く22〉 tr■f．事Ir   

（7） b≠lldlrlX   

く10）．cltl●040   

くも〉 ！▲rnl耶川   
3 19  

Hore†くy／n〉  

THIRD 5T＾GJ王］）lALOGUE  NODZ：L STRUCTURE  

Fig・2・9 Thesensitivityanaly5isbylinearprograrnming  
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Table2・5Are5山tofliれearprOg∫mg  

Y■rl且ble   10≠引「】l加＝  LP－80lⅦtl01l  me■n ▼8lⅦe  upperlllnlt   

（1）NO 0．3071xlOモ  0．3071xlOl  0．4ユ07〉（10き  0．5143ズユOl   

（12〉 tr且de   0．1076】く101  0．5168xlOl  0．3122xlOl  0．5168×10▲   

（21）tr且f．bu8  0．809gxlO｝  0．1760）（10■  0．1285×10▲  0．1760×10■   

（5〉 pop．hon8  0．2g87xlOt  0．310TxlOl  ・0．3191xlOt  0．3249xlOl   

（Za）trdf．btr  0．4715×10イ  0．8363xlO▲  0．8804×10▲  0．1290×10‘   

（10）1nd．proく  0．0000xlO■  0．2135×10●  0．1361〉（10●  0．2813〉（100   

（22）tr8f．8tr  0．3836xlO▲  0．8596xlOl  0．6216〉【10▲  0．8596xlO▲   

（7）bulldlnX  0．2082×10之  0．36－16xlOt  0．3000）（102  0．39181102   

く19）eltle840  0．1581×10之  0．42丘9xlO2  0．4015）く102  0．6449×10之   

（G）f血rlhlan〉；  0．1158xlO～  0．3724xlO2  0∴レ‖1：く10空  0．372－1xlO2   

（8）traf王IeX  0．153－lxlO2  0．7632×10と  0．4583xlOモ  0．7632×10之   

（11）二‖ld．n♪rO  D．10：）9rlC18  0．1039ズ108  0．3416xlOl  0．57，3xlOl   

く 9）llld．tot8  0．1551×10l  0．7927〉（10l  0．4739xlOl  0．7g27）く10●   

（20） traf■．e且r  0．2586xlOl  0．562g㌧101  0．4191xlOl  0．5706〉く10▲   

（2）pop．t【〉14  0．2161xlOO  0．3891xlOd  0．2g90×10l  0．3819×100   

（8）pop．den8  0．1646×101  0．5069xlOl  0．3388xlO▲  0．5130）く10▲   

く18）ellles20  0．4640×10t  0．1346xlOき  0．1SO4xlO全  0．2544xlO電   

i8predictedfbr the cities whose dat8、are nOt11Bed fbr modelb山1ding．  

T8ble2．45how5tIlat tlle COrrelationbetween tlle meaSl汀ed d8t8and the  

predjctedone5iさ蝕rly58ti8ねctory止oughpredictedⅧ1Ⅶe5町e的me血8亡  

gre8terthanthtoftheme8Suredones．Asthepredictionmodel5imul＆teB  

theaveragebellaVioringeneral，thissy5tem＆ticerrori＄inevit＆ble．Tore－  

ducepredictionerrors・thedatamustbedividedintosevera15ubgro甲Sand 

asimuhtionmodelderivedfbreachsubgroup．A3iti8u9uallydifRcultto  

負ndthecriteri8fbrdividingthedata，ahelNi写ticapproachis81sonece9Sary  

forthispurpo8e・Thisproblemwi11beexplained8galninChpter3．  

2．4 AdvantagesofInteractiveModeling  

Usual1y，Predictionmodel5arebuiltthoughrecursiveinteraction5betwecn  

manandco甲RuterOrmanandman・ThepurposeofIMSisto8uPPOrt  

this process so as to reduce the burden oftrialand error necessaryln  

developlng畠uchamodel・Thesy＄temalsohelpstlSthink＆bouttheproblem  
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＄yStem8tic811y＆ndinten＄iYely・IJetu9bTie允ymentionwhythi亨8uppOrter  

isreq血ed・Iti8VeTydi氏cl山tobrm山8teapraCtic81modelhr818rge  

COmplex8y5tem＄uCh as anenviTOnmentalsystem・Even払r an乱n81y8t  

WhohaLSdevotedmuchtimetoenvironmentalproblems，iti8nOte85ytO  

builda8uitablepredictionmodel．Thisisbeca115etherearevariouskind80f  
iI血rmationanddiscrepancie9intheirinterpretation．There18tionbetwecn  

analystscanbecruCialtothesuccessof9yStemSamalysis，AnalystBm8y  

appro8ChproblemsffomdifFbrentaspects，SOitishelpfu1iftheysit at  

roundtabletofu11ydiscl15Stheproblemwiththeaidofthesupporter．The  

SyStemisalso11SefulforanalyzinginLomationandunderstandingmodel  

structure5．   

For decisionmakers，the systemisl川efulforunderstanding whatis  

knownuptodateaildwhatisnotknown．Asimplemodelfortmder5tand－  

1ngthebehaviorofthe environment8lsy＄temCanbeobtainedbyllSlng  

thedevelopedsystem・Theprocessofmodelingenables theextractionof  

inLbrmationthatisnotknownbefbreanaly別ngthesystem．   

ThepurposeoftlleSyStemis toassistim5yStematicthinkingand・tO  

deepenmutualunderstanding．TheadvantageSOfthesystemare8u皿＆－  

rized as fbllows：  

・The sy5temdisplaysrelevant dataingraphicform＄8uCh as8Catter  

diagramsandmaps・Itisusehlfor鮎Idingo11tlier9Or COuinearity  

betweenvariables．  

・ThesystemaLSSistsinstr11Ct11ralmodeling．Itis11Sefu1た）runderstand，  

lngthestrtlCtureOfrealsystems．  

・Thesystemassistsineval11atingthevalidityorthepredictivepower  

Ofthemodel．Itisusefu1forimprovlngthepredictionmode15．  

・Themodelingprocessnecessitatesconcentratingontheproblem，It  

helpsanalyststounderstandarealphenomenaorproblem．  

・ThesystemreducestheburdenoftrialanderrornecessarylnmOdel  

development．Once tllemOdelisbuiltllp，Planners wi11seldomre－  

examineitbecauseofthedimcultyinrunmngthemodel．However，  

withtheaidofthesystem，itwi11becomeeaLSiertoexaminethemodel  

andtomodi付itifnecessary．  
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2．5 ConcludingRemarks  

InteractiveModelingS11PPOrtSystem（IMSS）isintroducedanditsappli．  

CationtostruCturlngOfenvironmentalsystemsispre＄ented．Thesy＄tem  

hasbeenappliedtovaLriousfieldssuchassimpli負cationofacomprehen5ive  

model（WalsumandNahmori，1985）and甲mingsimuhtionforgroupde－  

Cisionmaking（Nakam0ri，1987）・The＄yStemhi5beenlmprovedsotht  

aLnyOneCamParticipateinmodelbuildingandsensitivityaJlaly＄i＄・The＄y8－  

temi5aPartOfIDSS，Whichwi11bepresentedinChpter5．There8re  

Other5ub5y8tem8inIDSS such＆SⅨnowledge amdModelB＆Se MzLnage－  

ment System5．Thesesub5yStemS8re11SedformodelbllildinginvaLrious  

丘eld5・Itisexpectedthatane鮎ctivemodelcanbebuiltbyrefbmngto＆  

mathem＆ticalmodela5Wella＄aknowledgemodelandbyfillingupg＆PB  

between them，  
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Chapter 3 

FuzzyMbdelingand  

Simulation  

3．1 Introduction  

InmodelbuildingfortheurbanenVironment，WeOftenencounterthedi瓜－  

CultyofstruCtureidentificationandtllelackofhomogeneityindata，．The5e  

problemsareinterrelated・ThedifRcultyofstmctureidenti丘catiorLi8ag－  

gravatedbythelackofhomogeneityandviceversa，SOth8ttheproblemi8  

COmPlex．Todealwiththistypeofproblem，Wehavedevelopedamodel－  

1mg＄uPPOrtSy＄temtO11SeObjectiveinformationa・ndsubjectiveknowledge  

e恥ctively・   

hthisdlapterWeprOpOSeafuzzymodelingteclmiquewithavi＄ualamd  

＄tepWisecl118teringmethod，andafuEZySimulationtechniqueforreason＆ble  

scenarioinput aLndinterpretationofmodelbeha．vior．The proce5SeS are  

811marizedas bmow8：   

（1）htheprocessoffuzzymodeling，Wei11trOd11Ceadegreeqfdatadivi8Lon・  

Aninput spaceisdividedintoseveral爪1ZZy Subspa．ces accordingto  

thiscriteriaandwiththeaidofthecomp11terdisplayofaclusterlng  

pI●OCeSS・   

ApArtOfthiMll■pt亡r W＆8ptlbli8hedinTr＆n8・OftheIn5titutcofSy8tem8，CorLtrO1  
8ndIrLform・Ltion Ensin亡er8（YOl・2，nO・6．pp・166－1T4，1989）byY・N＆hmori＆nd M・  
Ⅹ8iれuma．  
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（2）Ani叩≠‘αdm血仙舟mc血れtもatexpTe8＄eさ肌e触ti†er8ngeO一肌   

1np11tOf8deYelopedmodeli8prOpOSedt08i皿山8tehtl汀eenV止on・  

ment81condition8．  

（3）馳r 

COI瓜dencefactori＄Calculatedbyt18ing8member8hipfunctionBLnd  

expresses thefrequency ofpa＄t OCCUrenCeS Ofthe cohbin8tionof   

lnp11tYdⅦ朗・   

（4）Adeg代eqf8CauerisintroducFdtoexpre5Sthemodelvalid8tion・Ftom  

the simulationresult withfuzzyinfererLCe8nd statisticalinLbrence，  

tllefutⅥ∫eenVkollment81conditioni5mdyヱed．The血石Zy∫e18tion   

i8eXPreSSedinalinguisticformulato扇dtmder＄tandingoftheob－  

tainedre8ults．Throughtheseproce5Se8，fuE2iy Simul8tion8uPPOrtS  

the・tmderstandingofthemodelandthe8Ct11a15y鵬em．  

hmodelingandsimulationprocesses，fotusubsystemsareutili罫ed・ln・  

teractiveModelingSllpPOrter（IMS），aPartOfwhichisexplainedinCh＆p－  

ter2，aSSi8t8inbuildinglinearmodelswith鵬ruCtu∫almodelingandsta－  

ti5tic81modeling，Wel18VedevelopedVisu山ClusteringSllpPOrter（VCS）  

andContro11edFbuySimulator（CFS）toa”istinfu”ymOdeling．These  

8uPpOrtSy5temSaSSistinmodelingand＄im山＆tionof＆hrge・SC山e8y8tem・  

ModelBase Management System（MBMS）is8lsodeveloped to8n81y名e  

amathematicalmodelandaknowledgemodelandtoaddanup－tO－d＆te  

modeltotlleSyStem．   

Wepresent8naPPlicationofthepropo＄edteclmiqueBtO8nurbanen－  

vironmentalproblem．Therelation＄betweentLrban＆Ctivitiesandanenvi・  

ronmentalcondition8reanalyzedand血石zymodelsh8VebeenconstrlユCted  

bytlleⅥ5eOftlledevdoped5y5tem，Tllere山tきOf8m8t】lem8tic81InOdel  

arehterpretedandthenexpre亭Sedinlinguisticfbrmulato＆S＄i8tirLunder－  

Standing・  

3．2 Piece－WiseLinearModeling  

Fuzzymodeungenable5nOnlinea・rityofacomplexsystemtobeexpressed  

8ndhumericaldatatobeconvertedtoknowledgedat8sy5tem8tica11y・By  
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tもe耶eOfhほ叩SettheoTy，WeCaneXpTeS8hm弧thinki丁場1nlillg－1i8tic  

brm山臥Ithelpstoencou∫ageeXpertStOp町ticipateinmodelb山地ng・   

h thi99eCtion weintroduce stepwisemodeling by the use ofvisual  

clusterlngteCh山que．  

3．2．1Fu五五yModelimg   

According toits originalde丘nition（Takagiand Sugeno，1985），afuzBy  

modeli＄described as follows．Consider a systemwith multipleinplltS，  

say茫1，£2，…，茫ー，andm山tipleo11tplltSISay仇Iy2〉…〉y9・A山野mOdel  

con由t50fsever81山蕗ヱy一山es和Chas  

飢Ieエi： げ訂1ねAi，訂2igAち，‥・，∬，iきA！，  

（3・1）  班em yi＝Ci。＋cil訂1＋c12訂2＋…＋亡し訂，，  

y；＝C；0十C；1訂1＋亡；2∬2＋…＋c；，£－，   

whereA；’＄甜eれ1ZZy5etS，y左’stheo山p血sorR山e上t，狐d亡とメ’s甜eCOe掛  

ci占nt80ftlleじne8rmOdel．   

Giveninp11t Values z：1．，2：2”．．，れH，the predictionofolltPllt飢hi＄  

c81cd8tedby  

r  

．  ，W‘＝ⅢAれ＊），た＝1，2，…9，（3・2）  
メ＝1  

∑た1t巾主  
凱h＝   

∑た1t〃i  

wherepdenotesthenumberofrule5，Jl拒j＊）themembershipgr8deofa＝j・  

totbe山方Zy6etA；，狐dyLthepredictionbyR山e上‘・   

Theidenti鮎ationora血石叩mOdel1181nglnp11t－011tp11td8t8i8揖vided  

intotwoparts：StruCt11reidenti鮎ationandp＆r8meterSidentiRc＆tion・The  

str11CttueidentificationconsistsofpremisestruCtureidenti危c8tionandcon－  

8eqllent5truCtureidentification．TheparametersidentiRcational＄OCOnSi＄tS  

ofpremiseparameterSidenti丘とationandcon5equentp8rameterSidentiRc＆－  

tiorL・Theconseq11entParameterSarethecoe侃cientsoflinearequation8  

（SugenoチndX弧g，1988）・  
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Themo＄timportantfeatl∬eOfafu名石y mOdeliきtha．titbehave8aS＆  

nonlinearmodeltho11ghitconsi8tSOfaBetOflinearequ＆tion8・Themain  

t88ksinthe血石ZymOdelingare：  

●心vi8iomoftlledat8Sp8Ceintonl呵Ⅷ血p8Ce5，  

●identifk8tionorme血ber血ipfunction8，md  

・Statisticalmodelingwith＄electionofexpl＆natOryVariables．   

WehavedevelopedVCSfbr5uPPOrting5uChoperation3bytheu＄eOfvi5ual  

ch8terlngandstepwi8emOdeling．Theabovetask5aremutuallydependent，  

andverydifRcultifwefb1lowthetr8ditionalanalyticalapproach．Onec  

introd11Ce80me Criteriain carrylngOut tho5e taSks，bllt the丘nalre8ult  

depend＄heavilyonthecapabilityandexperienceoftheindividualmodeler・  

Thjsis the reason wlly Wehave developed aninteractive aLndinte山gent  

environmentinmodelbuilding・  

8．2．2 DegreesorD8t8DiYisiom   

ThemostimportaLntPraCticeinfu名ZymOdelihgistodividethe心血＝p＆Ce  

intofuE乙ySub＄PaCeS．ForthispurposeweintrodtlCedegreesofdatadivi8ion．   

Tbdescribe如epwisehzzymodeling，Weneedthefo1lowing   

Ⅳotations．  

・I＝（z，1，Z！2，…，訂，）：＄etOfexp18naLtOry（inputorpast8t8te）vari－  

8bles．  

・0＝†ヱト仙£亘2，…，才m）：5etOfexp18i】led（5t8teO∫Output）y8ri－  

able5．  

●Xi＝（2：il，Z：i2，・・・，£i，．）＝SequenCeOfmeasurementd8tahra：i，i＝  

1，2，・‥，m・  

●mL，qi：SamPlemeanandstandarddeviationofthedata5etXi，i＝  

1，2，・・・，m．   

・αブ＝（計り，〇2ブ，‥，訂mJ）：メ仙datapointinRm，メ＝1，2，…，n．  
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・ズ＝（Ql，8㌧，…，αれ）：SetOr山1datapointsinβm・   

・Si＝（8il，8L2，・・，3in）＝SequenCeOfstand8rdizeddat8LbrDi，i＝  

1，2，・‥，m．  

・βj＝（81j，S2j，・，JTnj）：jthStandardizeddatapointinRn，j＝  

1，2，‥・，れ・   

・S＝（β1，β，，‥・，βn）：SetOfa・11standardizeddatapointsihRm．  

FirstweintroducetherangeinwhichwebuildafuzEymOdelby   

De且nition3・1＝（supportset）・   

1etβibettleT弧geOfvaTiableoi（i＝1，2，…，m）detbrminedbyit8  

nature，a，nddefined aswide aspos5ible．Definethesupportset AiOfthe  

Variable慮iby  

A‘＝【m‘－fJ‘，m‘＋れ］∩夙，壷＝1，2，・‥，m，  （3．3）  

Wheretisare81ntlmbertobedesignatedandmiis、the8amPleme＆nOf  

thedataset．The＄uPPOrtSetAofal1vari8blesinRTnisde丘nedby  

A＝AIXA2×・‥×Am、   

Weca11the5uPpOrtSetAthedalaspace・  

Nextweintrod11CeaCriterionindividingthedatasp8Ceby  

（3・4）  

De血nition3・2：（degree50fdatadivision）・   

DividethesetSi（i＝1，2，・・・，T），Wherez＝ii5aneXplanatoryvariaLble，  

intotwosubsetsS：，Sfbysomeclusterlngmethod，theⅥ／ardmethodfor  

in5tanCe（00Sn血andYanazaⅦa，1977），andcorrespondlnglydivide5into  

SlandS2bythefbllowingLbrmula：  

げ句∈∫f班enβJ∈∫ん，た＝1，2；プ＝1，2，‥・ル・ （3．5）   

The deg7Yeqfdata divisionwithrespect toanexp18natOryVariable勘is  

de負nedby  

d‘＝ IIcl－C】llもm，‘＝1，2，…・r，  
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wherァれんi5then血berofelementsin∫鳥（た＝1，2）－弧dcた仙ecenterof  

訂8Vityortheelement5in∫た（た＝1，2）・   

Thedegreeofdatadjvision，dL，indicates・how8ePar8tedthetwoch9ter8  

arewithrespecttoanexphnatoryvariablez＝i・Fore8ChinptLtVZLri＆bleIthe  

degreeofdatadivisioniscalcul8tedbyEqllation3・6・The18rgerthedegree  

ofdatadivisionis，themoreseparatedthetwocl11SterBare・  

3．2．3 Stepwise Modeling   

Iti＄dangero11StOmakeadecisionbythe＆bovecriteriononly，bec＆u8edi  

tellshowBeParatedthetwocltlSterS正e，butnothowthed＆t＆are8Cattered  

ineachcluster．WearenowdeveloplngaCriteriontakingaccountoflin・  

earityindataineachclu5ter・B叫forthepre＄ent，WedecidethediviBion  

uslngtll占8bovecriteTionandlooking8ttWO一心men8ion山…tterplot8tO  

8eehowd8taaredivided8ndscattered．   

Tlledeveloped叩寓emVC5I18ぎa如i山ytodigplayぎu血twod血neヱト  

8ionalscatterplot5．BydisplaylngVario118Palr80fsc＆tterPIot8，Zmdre－  
fbrrlngtOthedegreeofdatadivision，theinputspacei＄dividedintotwo  

山方五ySubsp8CeS．  

・Figure3・1showsanexampleofcomputerdisplayofscatterplot5with  

VCS．hthi5figuTetWOdimensionaldataspace（pop．dendandtraffic％）  

isdividedbythevariabletrqffic％・This允gureshowsnotonlyhowthe  

da亡8aredividedwiththevariable＄PqP・denすaZldtraffic％，btltalsol10W  

otherdat8areSCatteredand divided．   

WitllthesystemVCS，tWOdimensionalscatterplotsc8nbeeasilyob・  

tainedandthedat＆SpaCeCanbedivided．Wedividethedatasp＆Ceinto  

twofu五Zy Subspa，CeS．Oneinp11tVariableisconsideredat8timelbrfu五Zy  

modelingorconBtruCtionofaknowledgemodel・Withthesy8temVCSthe  

dataspacecanbedividedintotwotoRveclusters・Ea血clusteri8displayed  

wi止血eぎ8mem8rk，W血icbjndica亡e古仏8亡data8reCOntajnedint土Iegame  

cl11Ster，I．00king8tSuCh8disp18yitispo5SibletoむIdoutliersthtwi11be  

removedfromthedzLtaSet．Itisal50POS5ibletomoveaLdatapoint血）m  

onecltlStertO8nOtlleT．   

Ifwemakeadecisionthatthedatasp8CeShouldbedividedwithre5PeCt  

toanexphnatoryvariableci，thenweconstruCtfuzEyBubspa・CeSby  
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Fig．3．1 DatadjvisionbythevisualclusterlngS11PPOrter  

De魚nition3・3：（fuEZySubspace5）・  
●   

DivideXimtoXlandX2correspondingtothedivisionofS：  

げβj∈5た仏e几αj∈ズた，た＝1，2；ブ＝1，2，…，れ・（3て）  

De丘netwo♪lZZyきⅦ♭きpαCeβCOrre5pOndlngtOズたby  

Aん＝AlX・・・×Aき×…×A，れ，た＝1，2，   （3・8）   

where＾さand＾farethefuzzysetswiththesupport5etAi・  

Fromthisweobtainpremisesoftworules＝  

●ム1：げ£iわA‡，and   

●エ2：げごii8A！．  

Correspondingtothesepremise＄，WedeveloptwolinearmodelswiththeaLid  

ofIMS，Theobtainedsubmodelcorrespond8tOaCOn5equentpaJtOfarule・  
Thenbacktotheproce8SOfclusterlng，theinputspaceisdividedintothree  
clusters．Onep叫Ofthesubspaceisagaindividedintotwo5ubspaces・At  
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thi5time，degTeeS Ofd＆tadivi9ionand訃C8tterPlot8arealsorefbrredto，  

Itmaybe仏attlleさmevげi8bleisu5edtoむvidethed8t88p8Ce88in  

thepreviousstage・AgainsubmodelsareconstruCtedwiththeaidofIMS．  

ThisprocessisrepeateduntilsufRcientmodelacctuacyisobtained．Model  

accuracyisj11dgedbyseveralelementssuchasmodel8truCttue，8tatistics  

andsimnlationresult．  

3・3 Fu2；2；ySimulationandKnowledgeModelCon－  

struction  

At thesimulationstageitmaysometime50CCurtllatinputvaluescamot  

bedecidedindependently・Wehavedevelopedasystemtocontrolinput  

YalⅦe5，C811edtbControlled凡zzy5jmldator（Cf’S）・  

3・3・1Member＄hipFunction＄   

Witlltheaid ofthe system VCS，the dataspaceis dividedinto8eVeral  

山名五y専山）8p8CeS▼heachslll娼p8Ce8member8hpvdneisdeteT血nedbT  

e8Ch Yariable．   

Weident坤themembership血nctionwith＆kirLdofpos9ibilitydjstrib11・  

tionfunctionreLbmngtosever81lotsofinformation，1nChdingdi5tribution  

Ortlledata8ndmodelvakd8tion・hthehnowing，We8dopted§Ⅶ血8tT8pe・  

ZOidalfunction＝1forthedatahomthe鮎stq11＆rtiletothethirdquartile，  

0・58ttheminimumandmaxim11mdatapoints．Wecannot5＆ytl18tthi8i8  

thebestmembershipfunction，Sincetherearepossibly5eVeralothermem、  

bershipfunctions・Wetakeanotherde鮎1itionofmembershiphnctionsin  

Ch叩ter5・Wedecideitsshapeheuristicauy・Wedenotethemembetship  

funCtionofavariablecjinthehthfuzzysubspaceAkbyAき（＝j）・  

3．3．2InputAdmissibleFunctions   

Suppose that we obtaina submodelconsistingofpfuleswith the set of  

explanatoryvariablesI＝（cl，£2，・・・，Z：，）andthesetofexplainedvariables  
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0＝（釘付1，野付2，・‥，才m）．   

Wede丘nehowthesubmodelprodllCeSeStimate80fthevzLri＆blesinO  

Whenal1val一1eSOfvariablesinIareglVen，by  

De負nition3・4‥（non血zzyestimates）・   

Givenval一1eSOfinputs2：1．，2，2．，‥，2：．u，Satisfying   

p  

∑神領）＞0，壷＝1，2，・‥，γ，  
鳥＝l  

（3・9）  

theestimate＄OfvariablesinO，denotedby輯（j＝r＋1，r＋2，＝・，m），  

basedonRuleLkareglVenbythesimpledataAtting・   
De魚netherelativedegreesofbeliefofRuleLhby  

n；＝1Aき（訂i♯）  
が＝   た＝1，2，・‥，p・  （3・10）  

∑£＝1（n；＝1郎（才i．））  

Thenthe丘nale8timateisglVenby   

p  

正ゴー＝∑㌦宰．，プ＝γ＋1，γ＋2，‥・，m・  （3．11）  
ん＝1  

Usu811y，the variablesinIare not strictlyindependent ofeach other  

in the environmentalsystem．We have developed a stepwise procedure  

to艮ⅩValues ofsomeimportantexplanatory variables t8king＆CCOunt Of  

correlations between va．riables．Weintroduce   

De且nition3・5：（inputadmissiblefunction）・   

Wesaythatanexplanatoryvariablez，i（i＝1，2，…，r）isaclit，eifit  

hasreceivedarealnumber，Say2：i”SuChthat  

p  

∑A甑．■）＞0・  
ん＝1  

（3・12）  

LetIa denote the set ofactive variables，andletIa＝I－Ia．One can  

definethe8etIaarbitrarily・WhenIa＝4・（i・e・，Ia＝］），Wede鮎Iethe  

両血“坤加仙丹珊血酢bり∈Jaby  
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w㈲＝軸メ＝恥・・r・  （3・13）  

WhenIA≠¢andIa≠4・，Wede負netheinpuZadmis8ibEehnclionfbrcj∈Ia  

by  

∑芸＝1W鳥Aき（訂ゴ）  ，㌦＝Ⅲ 4甑．）・  （3・14）  

王i∈J．  

tり（∬J）＝   

∑；＝1t〃鳥  

Where2，i．isthe触edinputfor2，i∈IA・Weca11the5et（2，jIwj（蓼j）＞0）  

thei叩≠fαd血書仏k和叩払ー£メ∈ん，ふdtり（∬J．）the玩即出血血扁”砂山旬  

8t2，j＝2＝j．・Notethtwj（z：j）doesnotdependontheorderinwhichwe  

deterI山netlleⅦ山eso一打；∈ん．  

I，OOking8t thesefunctions，We Can触valtle90f＄Omeimportantex－  

p18natOryVariableβOne8魚ertIleO比er，fbrぬev訂i8ble8玩ん，旺erandom  

number5aregeneratedwithintlleiradmissibler8ngeS．Tht18aSimul＆tion  

iscarriedoutby魚道ngscenariovalue5fbr＄OmeeXplanatOryVari8bleBand  

gener8tingrandommpnts払rtbere8t・   

Ancx8mPleofthe9CenebyollrSimulatori亨8howninFig．3．2・The  

exp18natOryVari＆ble88rePlaマedontheleftwiththeinput8dm山鳩1efunc－  

tion＄drawnin a di＄Creteform．The circles8bove the fLmCtion8indic8te  

thatthescenarioval11eSare触ed払rthosevariablesthrougho11tthe8imu－  

18tion．Theinputadmissiblefunction5forothervariableszLreCalcul＆tedby  

Equation3．14・   

Itmaysometimesoccllrthatthemaximumvalueoftheinptltadmis8ible  

functiondoe5nOtreaChlattheinitialstage・ThishppenswhenthedaLtaOf  

thevariablei5Weudividedintoseveralfuzzysubspace5・A8hrthevariable  

traffic％，thedataareneatly dividedintotwocl118ter8・Them弧imum  

valueoftheinplltadmissiblefunctionofthevariabletraffic％isnotl，aS  

isshowninFig．3．2．Figure3・2isexplainedinmoredetailinSection3，3．4．   

Referrlれg to theinput adrnissiblehnction，the5Cenariovariables＆re  

魚xed one after．the other，Where the scenaTio values are cho8en80th8t  

Equation？・12iss8tis鮎d・Thecloserthevalueorぴメ（正メ）i8tOl，themore  
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Fig■3・2 ScenaTio8n81ysisbytlleCOntIOnedhも叩Simd8tOT  

oftenthevariableciaCtuallyoccurredinthep8St・Noteth8tthevalue  
wj（正j）doesnotdepemdontheorderspeciRed・Ifthev8ri8ble‡‘is・highly  

correlatedwiththevariable27j，andifthevalueofthevari8ble2，iis触ed，  
theinputadmissiblefunctionwj（z，3）ismodifiedsothattheinputrange  

becomesverynarrow・Ontheotherhand〉ifthevariablez，i19independent  

ofthevariablecj，theinputadmissiblehlnCtionwj（rj）isnotinAtlenCed  

bythevalneor£i．  

3．3．3 Con且denceFactorsandDegreesofScatter   

ToevalllatelirLearmOdels，Weintroducethecon鋸encefactorsanddegree8  

0rSCattefO†thee8timatesas払now5：   

De負nition3・8： 

Denoteby記‘．the負ⅩedvduefoT〇i∈J。，弧dby‡i‡（【＝1，2，‥・，呵  

thegeneratedrandominputsforc‘∈Ia・Forci∈ん，putCi・＝正‘・（L’＝  

1，2，・・・，N）．LetcjE：bethenonhzzye5timateofthevari＆bleり∈0（j＝  
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7・＋1，r＋2，・・・，Tn），uSingtheprocedureimDefinition3．4，ba9edonthe8et  

Ofinputvahe8（z，1l，a，2Z，・・・，3：，Z）・Thecon丘dencefactoroftheestlm＆te  

輝け＝γ＋1，γ＋2，…，m）isde且nedby  

n；三1叫（蓼iり  J＝1，2，…，凡  （3・15）   亡l＝   

max‘（n；≡1叫（訂吊）’  

The叫（訂i）is de丘ned by Equ8tion3・130TEqⅦ8tion3・14．hEqⅦ8－  

tion3．15，eVerylnput8d皿isさiも1ehnctioni＄COn6idered．Tllere8re tWO  

mainreasons．Oneisthatevenifthevariablei8nOtSelecteda98neXp18n＆－  

toryv町j8bleof才ブ，jt∫n叩i】迅uellCeO】ljt・TlleO七山∫i5ぬattbemodeliき  

composedofsimultaneo11Slinearequation8With（m－r）unknown8・Each  

Vari8bleisinterrelated，anditiBVerydifR（＝ulttodi8ting山shdirect8ndin・  

directefrbcts．Forasetofinputvariables，aCOn丘dencefactori8＆粥1gned，  

thatis，aCOn丘derLCefactordoesnotdependupon theexplainedvariable  

才5・Acon負dencefactorindicateshowoftenasetofinp11tVariable8hsoc・  

Ctmedinthepa層t．Itdoesnotindicatethepredictivepowerofthemodel．  

TilePredictiYePOWerCanbebetterexplahedbythedegreeofgcatter．  

De負nition3・丁‥（degreeofscatter）・   

De魚netheweightedaverage豆janddegreeofscatter3jOftheestim8teS  

2：51（L＝1■，2，・・・，N）overthetotalsimulationrunaLSfo1lows：  

∑だ1C′訂ゴー  
，ノ＝γ＋1，r＋2，‥・，m，   （3・16）  TJ  

∑だ1云J  

∑た1亡∫（訂ゴー一元ブ）2  
，J＝ー＋1，γ＋2，＝・，m・  （3・17）  勺＝  

∑た1q  

Notethat the derivationofcon負dencefactoris8Simi1aride8tOObt8in  

amembershipfunctionofanolltPutOfafuzzysystemwithmultipleinp11tS  

by11Slng蝕emax－prOdcomposition・  

3．3．4 ConstructionofI（nowledgeModels   

The simulationresultis5hown on the rightin Fig．3．2．The estima．ted  

valuesandcon負dencefactors（a，jE，el）aredrawnwith21×て1evelき・lIere，  
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therangeofeachvariableisdividedinto211evelき5uChth8tthelevelsl，  
118nd21co汀e8pOndtom－3J，mandm＋3J，reSpeCtively・Ther8nge  
i9COntrO11edby8SSlgnlngthentlmbertintroducedinDe丘nition3・1・   

Withthesystem，thesimulartionresulti＄imterpreteda5fbllow8：  

ifciisinIJeVelLiand2：j15inLevelLjI‥〉  

thencpISinLevelLpand2，91SinLevelLq，‥  

Ⅱere，premisevariablesconsistofthosewho8eValuesareRxed・Con8equent  

variablesconsistofthosewhosedegreeofscatterisbelowaLSPeCi鮎dvalue・  

3．4 ApplicationtoEnvironmentalPrediction  

InChpter2LtheIMSisintroducedandappliedtomodelbuildingofen－  

vironmentalsystems．VariablessuchasshowninTable2・1areusedand  

theirrelationsareanalyzed．Thevariablesaremeasuredinthecitieslisted  

in Table2．2．The17variableslistedin Table2．1are cla層Sifiedintqin－  

p11t，intermediateando11tPtltVariablesa・ndsimultaneollSlinearequations  

8reObt8inedand8OIvedtopredictfutlⅡeenYironnentalconditions・Atthe  

modelingstage，itisverydjfRculttoidentifycatL5eande庁bct・Theobjective  

ofthemodelwasspeci負edarLdthe．struCtl汀eOfthemodelwasidentiRed・  

Thereweresomevariablesintheinputvariable＄Whosebehviorwasvery  

di伍culttocontrol，Herewecal1inputvariablesscenariovari8bles，thati9，  

welnPutSCenariovallleSandpredictfuturetrend50fothervariable5・  

8．4．1 Constructiono一万、u㍑y Rules   

Wehavedevelopedthreemode18andcomparedthem・   

（1）Modell   

WellaVebuilt8mOdelfor NO茫，uSlng datalistedinTible2・1and  

namedita・SModellandacorrespondingrulea5RuleLO・Theexplanatory  

variables ofModellareli5tedinthe row ofRule LOin T8ble3．1．The  

modelsLbrothervariable5developedinChapter2arenotexplainedhere・  

ThesemodelsareobtainedwiththestruCturalmodeiingandtheforward  

selectionmetl10d．  
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Table3．1nlZZyrulesands11bmodelsfbrNOEE  

Model  Rnle  Exp18natOryYariables  CoTrelation   

上0   

ind．procind．npro  

cities40traf．car   
0．5816   

blJldin％ind．ねta  

上1   hd．pro亡Cities20  0．7655  

2  
cities40trar．btr  
buildin％ind．tota  

エ2   ind．proccitie＄20  0．8414   
trar．st∫traf．btr  

b山1din％ind．tot8  

ム1   ind．pTOC⊂ities20  0．7655  
cities40trar．btr  
けa爪c％jIld．pro占  

3  が   ind・nPrOCities20  0．7582  
trar．str  
POP・tOtapOP・dens  

上■   tra伍c％ind．tota  0．6333   
trAr．stTtrar．btr  
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Table3．2Degreeordata揖vi5ion  

Degreeord8t8心vision  
Scenariovariables  

Stepl   Step2   

Pop山ation   61．49   39．88   

Pop山ationdensity   59．02   45．88   

Landuseforfarmland   59．58   40．38   

L8ndlユSefbrtra侃c   71．05   31．98   

Tbt81iIl血st∫ial山pmentden5ity   53．15   61．55   

Urb＆nindu5tri81写hipmentden5ity   53．20   32．93   

Ntlmberofcitieswithin20km   52．83   73．62   

Tra伍cofp85SengerCarS   5臥94   37．14  

We used the datain22cities who5e nameS arelistedin Table2．2．  

hde山imgwithsuch心鮎rentcitiesIWef8Cethefbnowing鮎1eII皿8・恥  

ev8lu＆tee鮎ct8OfcitystruCtule，datain di熊rent types ofcitiesBhould  

bet8kenintoaccoⅥ皿t8ttbesmtime．‡kweveT，iti8Vefydi庁k山tto  

clarifythi8tyPeOfdi触enceinaさ1nglelinearmodel・Thisi8Whywehve  

developedah㍑ymOdelingtechnique・Withthedeveloppd8yStem－8data  

sp8Cei＄dividedintoseveralfuz多ySubspacesandafuzzymodelisobtained  

払rsimu18tion．   

（2）Mode12   

Eight5Cenariovariablesareselectedoutof17vari＆bles・Thesevariable9  

areli5tedinTable3．2．Weha．vetodecidewhichvariableistaken8Sakey  

v8riabletosubdividethedataspace・Thedecisionismadeba5edonthe  

degree50fdatadivisionde丘nedbyEquation3・6andthedegree50f8C8tter  

de魚nedbyEquation3・17・First，thedegreesofdatadivisionareobtained  

forscenariovariablesthatarelistedinthecolⅥ∫nnOfSteplinTable3．2，  

D8ta8VeT8gedoYeTtbeeyeaTち誠e－1SedinclusteTing80tb8td8t8intlle  

samecitybelongstothesameClu5ter・hidentiRcationofmemberBhip  

hnctionsaLndmodelbuilding，8nma11y8Veragedd8ta（Lreu8ed・   

The18rgeStdegreeofthedatadivisionis71・05，Whichi85hownihTaT  

ble3．2．1tistbedeg代eOfthモVaTiable・，l肌dⅦ8りortrqがctThed8taSpaCe  

i＄qividedintotyosubspaces，AlandJ42，byLandu8ePr（rqがc・There  

訂eSixcities′．れAしthatis，鮎waguc叫Ichik8W8，¶止0与血，Hir8t＄止8，  
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mjisawa8ndSagamjhar8・Theother16cjtiesbelongtoA2．Tho11ghthe  

n山一lbers ofthe dtie5doe3nOtb81ance，Chterlngre5山t8by VCS止ow  

hirlygoodresults，Weusetraffie％asthe．firstpremisevariable．Tlle  

premisesOrtbehlZ町一山esareashuows：  

エ1：如／Jic％isbig，and  

，ム2：けαJJic％i5Sman．   

ThemodelcomposedofRuleLlandRuleL2i＄CalledMode12．With  

IMS，COn5equent mOdels areidenti負ed．TherowswithL18ndL2inT＆・  

ble3．1βムowtlleeXplanatoryv訂iabユe5払r叫odd2．TIleCOrre18tjong町e  

O．7655andO．6414，Whicharebettertllantho＄eOfModell，   

（3）Mode13   

WesubdividedthedataspaceingroupA2・Thedata8Veragedinthree  

years are also used to obtain the degrees ofdatadjvision．The re＄ults  

areli5tedat thecol11ZmOfStep2inTable3．2．Thelargestoneisthat  

or肌mムerq′ci‘ieきWi偽iれ2♂叫thenextoneistllatOfわねト山武細れ血  

Shipmenldensity，and the thirdis that ofpopulation density．Withthe  

syste】nVCS the results ofclusteringare displayed・We且nd thatifwe  

dividethedatabynumberofcilieswilhin20km，OnegrOuPliesina．corner  

andtheothergroupIS SCatteredwidely・Ifwe dividethe d8tabylolat  

indusLriaL8htpmenLden8ity，Onedatapointwithavery18rgeVahebelong9  

toonecln5teTandamotherdatabelongtoanotherclⅦSter．   

Thethird18rge5tdegreeofdatadivisionisthtofpop．dend．Theclu8・  

teredTeSultofcitie5basedontraffic％andpqp．dendi＝howninFig．3．3．  

Thisisfhirlysatisfactory・ThenllmberinFig・3・3＄how＄thecityntLmber  

inTable2・2・We11＄eP叩uLalionden3ilyasthesecondprecedentvzLri8ble  

t00btaiJltbee山名gyrlJeき朋ゐ山ow5ニ  

エ1‥モーα／Jic％isbig，  

L3＝traffic％issmall．andppp．den＆is8mall，8nd  

エ4：けαJJic％i弓5mam弧d押・dendi＄big・   

ThismodelisCal1edMode13・GroupA2isdividedintogroups A3  

andA4・Foreachgroupamodelisidらntified・TherowswithLl，L3and  

エ4inTable3・1showtheexplanatoryvariables払rMode13・hMode13，  

groupA2issubdivided・Sevencitiesbelongtogro11PA37thatis，Mito，  

Hitachi，Utsunomy8，Maebashi，Takasaki，ⅩawagoeandH8Chioji．Nine  

Cit如belongtogroupA4，thatis，Umwa，Ohmiya，恥ko－0ねwi，Ⅹ0山㌍ya，  
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量 
pop．d…（per5【＝15／k日〉  

8  10  12  traffi亡り〉  
0  2  4  ‘  

Fig．3．3 Cl11Steringofcitiesba5edonlraffic％andppp・den8  

Funabashi，Mats11do，l（ashiwalIchiharaandMachida・Wecannot・further  

subdividetIledataspacebecauseofthenumberofdata・Weproceedto  

tlleSim山ationstagewitlltlleSemOdels・  

a．4．2 こh膵叩Simulation   

Thepremiseoftherulei5identi鮎da5atraPeZOidalmember5hipfunction  

8S bmows．  

一可言土司勘＋葦三苛  

if2訂il一正i2≦訂（＜∬i2  

汀〇i2≦茫i＜拍  

if才；a≦〇i＜2茫i4－軸  

ir訂；＜2正il－腋ほOr2ェi4一腋ね≦訂i，  

（3・18）  

A直i）＝  

where，2：山Z：i2，2！i3andz：i4aretheminimum，thefirstq11artile，thethird  

quartileandthemaximumofthedatasetof．thevari8blez：i．Membership  

hnctionsfbrf柑／／よ亡％8ndp叩．d印8areillu8tratedinFig．3．4・There5山t  
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2  4  ‘  8  川  12  

tr▲ffi亡（‡〉  

1008   2D88  3800  日qq  5808  川00  

pop．d＝（por＄OnS／kn2）   

Fig．3．4 Me血bershiphmctions払rtrαJJ；c％弧dpop・demd  

offuzzysimulationbyMode13isshowninTable3・3・ThelevelinTable3・3  

in4i頑鍔†anaVer8gedlevel．Thera・ngeisbetweenmi－3qi＆ndmi＋3qi・  

TbemaximleYelis21．   

Ateachresult，thevzLriablewhosedegreeofscatterisOindicate5tI18t  

the valueis且Ⅹed at thatlevel．Forother variables，the vaheis set by  

generating random numbers 100 times. 

Thevariableswhosedegreeofscatterisbelowsixareuseda＄COASeq11ent  

v8riables．Throughthe5ePrOCe5SeS，Weget．knowledgemodels88Bhownin  

Table3．4．Somescenariovariablesareincludedincon8eq11entV＆ri＆bles．  

3．5 ConcludingRemarks  

hthischapterwepresentthemethodstodividethedata5PaCe，tOCOntrOl  

inptltrangeSintheproce5＄Of8imulation，andtointerpretthesimul8tion  

results．hdividihg’dataspaces，Weintroducedqgreesqfdaねditli8ion8nd  

stepwisevistlalcl11Sterlng Withthe aidofVCS・Theresti11remain＄the  
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T8ble3．3 m鱒＝im山ationbyMode13  

Reさdtl  R胡瓜It2  Rt靂Idt3  

甑i8ble  Degree書Or   Dモ伊∝lOr   D呼…Or  

LeY亡l  LeYモ1  
⊥モⅤ亡1  

Sc8tter   

pop．tot8  15．0   0．0   11．1   6．3   13．6   13．さ  

■l  5．4   7．0   0．0   17．0   0．0   

．．1】                 pop．em   
岳  

3．3   11，3   11．3   12．1   8，8  

芦－  tr8爪t％  19．0   0．0   7，0   0．0   8．0   0．0   

0  ind．tot8  12．5   2．0   10．9   1．5   13．8   13．1   

岳 田  imd．npro  15．8   8．1   11．5   3．3   10．2   3．3   

lJ 田  ⊂itie820  14．0   0．0   10．2   4．9   11．0   0．0  

tr8f．く且r  14，8   10．3   10．1   6．3   11．8   12，7   

NOx   15．3   5．8   7．2   13．8   4．8   2．8  

■l                 pop・houl  5．4   2．9   10．3   0．3   8．3   6．8   
．．凸  

d  b山Idin％  12．1   0．6   4．7   1．2   7．2   11．8   

岳 ＞  ind．pro⊂  12．4   4．1   10．5   1．3   13．2   7．5   

13．2   6．丁   10．4   2．4   9．T   10．5   

●■⊂l  tr8de              ■I 弓 ■扁  cities40  12．7   1．5   9．8   7．5   11．0   0．0   

q   
tr8r．bllS  12．6   0．9   10．7 13．9   11．7   10．0   

凹  tr8r．Stf  14．6   7．9   8，5   1．9   11．1   7．3  

tr8r．btf   5．4   16．5   7．0   0．7   10．5   5．0   

Table3．4 Translationofsimulationresults  

Variable5iniトclose   
Result  

V8riablesinthen・CloserLevell  
Scen＆riovariable  Scenariovaria，ble  Explainedv町iable   

pop・tOta 【15l  pop・dens 【141  NOx   【15l  

tr8氏c％  【叫  farmlan％ 【9】  pop・ho11S 【51  
1  Cities20  【14】  ，ind・tOt8  【13】  bl山心n％【12】  

hd・prOC【12】  
Cities40t13】  
trar・bus【13】   

pop・dens 【7】  ind・tOta  【11】  pop・ho11S 【10】  

tra瓜c％  【7】  ind・nprO 【12】  b山1djn％ 【5】  

Cities20  【101  ind・pTOC  tlll  
2  

trar・Car  【101  trade 【叫  
trar・Str 【9】  

trar・btr 【7】   

pop・・dens 【7】  ind．npro 【10】  NOx   【5】  

3  tra用（：％  【8】  
Cities40 【11】  

Cities20 【11】  traf・btr 【11】   
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PrOblemofde丘ningmember5hipfunctions．Fbrthepresent，Wede負nethem  

C8Sebycase，eXaminlngthedistributionofdata・Inbuildingmbmode18，  

thereisa150aPrOblemofhandlingdatatha・tbelong5tOSeVeralcluBterS．   

haSimu18tiomprocess，i叩Vlαdmi∫きibJeルncfわれi8introduced．With  

thishIICtion，e鮪ctiveinputrangesaretakenintoaccount8ndinputv札1ues  

C8nbecontro11ed・Wehavetofurtherstudythecalculationmet王10dofthe  

lnput admis5ible function．Sinceit takes much time to rec81cuhte the  

lnPutadmis5iblefunction）WedonotchangeitincaseofrandomlnPut8・  

ThesimulationresultisglVenwiththecon£dencefactor，Whichi5e爪∋Ctive  

fbrmodelvahdation．   

ThetranslationfiomtheslmulatioIlreSulttoknowledged8taiscon8id－  

ered・Theinputadmissiblefunction，thecon丘dencef8CtOrandthedegree8  

0r8CatterglVe11Sehlinbrm8tion払rtheirtr8nS丘〉rmation．   

hhodelbllilding，itisimportanttIlat8nalyst8di＄Cu83theproblem  

Wi止e8血other・Thedevelopedcompute‥y8tema8Si8tS戯8CⅦS如nby  

glVlnginLbrmationandshowingsimiationresults．  
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Chapter 4 

LinguisticFuzzyModeling  

4．1Introduction  

TherearemanyCOmPlicatedfactorssuchas50Cialactivities，meteOrOlogl－  

Calfactorsandtopography，Whichmakeit difRculttopredictfuttlreeZIVi・  

ronmentalconditions．Statisticalpredictionmodelshavebeen studiedby  

ma．nyresearcher5，However，therearesomecaseswhere5tatisticalmodels  

alone donotlead to satisfactory results when wehave topredict■hture  

environmentalcondition5Withlimited data．   

hmodelbuildingofenvironmentalsystem5，Wehvetopredictahigh  

COnCentrationmorecorrectlythanalowoneforp18nnlngCOuntermeaStue5・  

LinearregressionmodelsmaybeappropriateforpredictingvalueszIrOund  

amedian，but they areinappropriatefor predictingpeak value5．AIso，  

thepredictionformulamust beexplainedreasonably，Whichissometimes  

di氏cultwithregressionmodelsbecauseofcollinearity．   

Recently，the concept offuzzy set theory wasintroduced by払deh  

（1973）・Anapproxima・teCalculusofvariableshasbeendevelopedandused  

it”wide†aLrietyofpracticalapplications（払deh，1g75andtlolmb18d＆nd  

Osterg＆ard，1982）・Thelinguisticmodelingapproachbasedonhzzyset  

tlleOTyha8TeCeiYedm血atteTltio叫ちeV町dapplic8tions8Tefonndれtlle  

50Cid8Ciences（Ⅹicke叶1979t〉andWen如op，1979）・  

Ap8TtOftlli8Ch8pt亡rW8dpubli8hediIITT8n8．Orth亡In8titut亡OfSy8tem8，Contf01  
仙dImform8tionEngineer8（v。1・2，mO・T・pp・2？1－240・1989）byM∴札止肌m＝ndY・  
N8bmori．  
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h‖血i5dla函er，WeprOpOSeamethodtopredictphenomen8COmpO，edor  
manycompucatedf8亡tOrSbymode肋gtheproce”Ofbumantb止血ingmd  

judgment．Describinginput－OutPutre18tions・Ofthe5y5tern：intheformofiト  

themrde8，thebel18viorofthesyBtem18predicted11Bingh町rea80nlng・Tb  

improvethemodel，WeadjustthepaLr8meterSOfthememberBhipfunction8  
bythe115eOftllenOnlinearoptimiz8tionteclmique・   

WeapplyungtlisticmodelingtothepredjctionofOxidantconcentr＆tion  
intheOsahdistrict，Japan．Thed＆tame＆SuTedintheO闘止8districtfor  

theperiod丘omJ叩etOAugust丘om1975to19778reu5edand8nOxid8nt  
predictionmodelhsbeendevelopedu8ingmeteorologlC＆ldata・Iti8＄hown  

thtlinguisticmodelhgis＆PPrOpriatefbrthepredictionofphenomen8With  
umitedinput－Outputdata，andtheobtainedmodeli叩8rticul8rlyu8efu1for  

predictingpe8kvdnes・  

4．2 Criteriafor the Predict．ion ofOxidant Con－  

centration  

Letusbrie且yintrod11CeapraCticalmethodtopredictOxid＆ntCOnCentr8－  

tionat8highleYel（MiヱOgnChi，Ochiai，Naito8ndtI血i叫1979）・Leve180f  

Oxidantconcentra．tionareclassi魚edintothreegroup5：Leve10forconcen－  

trationlessthnlOpplm，Leve11forbetweenlOpphm8nd15pphmI＆nd  

I，eVe12fbr15pphmorhigher．Achecksheetisnorma11yusedtopredict  

intowhichleve10Ⅹidantconcentrationf811s．Thed8t8fortheperiodたom  

hletO血卯＄thTthreeye8rS，276d8y5intot81，打eⅦSed・Thed8t80f  

Oxidantconcentrationweremeaslnedat19me8SuringpointsintheOsak8  

district．Thelevelofthed8yisdecidedbythehighestOxid＆ntCOnCentr8・  

tionfortheperiodfrom6：00A．M．to8＝bop．M・・AsthevaluesofOxidant  

concentration8remisslngfor3day50utOf276days，We118edat8Of273  

day5・MeteorologlCaldata，SuChasdurationofsunshine，Weatherandwind  

velocity，arealsousedtopredicttheleve150fOxidantconcentr8tion・   

かec8u5eOftムemec土Ia血5mOfOxjdantgeIle一旦tjon，0Ⅹida血1eYeユjきVery  

lowduringba・dweather・TherelationbetweenthehoursofsunShineandthe  

levelofOxidantconcentrationisshowninTa．ble4．1．A8hour＄OfstLnShine  

increase，daysofIJeVe12alsoincrease・1lowever，eVenOn8unnydays，there  
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T8ble4．1 Cro5S t8blebetweenthedl汀8tionor8Ⅵ皿きune8ndthelevelor  

Oxidant concentration  

2  0  0  0   6  3 8  44   

T8ble4・2 Crosst8blebetweentheweather（Llom6：00A・M．to6：00P．  
M・）andthelevelofOxidantconcentration  

are80medayswhichfallintoLeve10．Wecannotsaythtaleveldepends  

OnlyonholmOfsunShine．WhemthedlnationofsunShineisles5thanO．5  

hours，400utOr42dayshuintoI－eVelO，Wl止chi5ShowninT8ble4．1．   

Therelationbetw？entheweatherandthelevelofOxidantconcentration  

isshown．inTable4・2・Whenitrainsalm05tauday，22outof23daysfa11  

intoLeve10・Wecansaygeneral1ythatwhenitrainsalmo5ta11day，the  

dayrausintoLevelO．   

Asweh8VeSeenabove，WhenthedlNationof5un8hineisle粥thanO．5  

hotlr苧Oritrainsm6stoftheday，thedayisclassinedintoIJeVelO．Following  

the5eCriteria，450utOf273daysarecla，S8ifiedintoLeve10．   

Next，WeCOnSidertherelationb占tween－theatmosphericpresstuegra－  

dient andwindvelocityoftheupperlayer・Thepresstlregr8dierLtinthe  

－53－   



Fig・4・1 Relationbetweenthepress11regradiehtandthelevelofOxi・  

dant collCentration  

OBakadistrictiscalculatedwithdataat月vepoints，thatis，Osah，MaizuT  

ShioIlOmisaki，N8gOyaandXohchi・Thepre5StⅡeg柑dienti8Closelyre18ted  

Withwindvelocityandits山一eCtion・Figufe4・1止ows止erd8tionbetween  

thepre55uregradientandthelevelofOxidantconcentr8tion・Scatterplots  

Ofpressuregradient5aredistributedinanov山shpe，丘omthenorth，WeBt  

qua血弧ttOthesouth－e8St quadrant・PointsinLeYelOaredi8tributed  

mainlyintheareawherepressuregr＆dientsaregreaterthnl．5mbjzlthe  

north・WeStand80uth－ea層tquadrants，andO・8mbinthe＄Outh－We8tquad－  

rant・Ⅹeepingthesefactorsinmind，WeCanCla5Sifythepres511regTadient  

into且velevels＝Leve10，Leve10－1，Levell，Levell－2andIJeVe12．The9e  

areillustratedinFig．4．1．   

Therelationbetweenthemaximumwindvelocityoftheupper18yer  

and thelevelofOxidant concentrationis shownin Table4．3．AB Wind  

Velocityincreases，thelevelofOxida．ntconcerLtrationdecreaBeS．Whentlle  

windvelocityoftheupperlayerisgreaterthanlOm／s，47outof57d8yB  

fallintoLevelO，aSi11ⅦStratedinTable4，3．   

Fig11re4・2i5thechecksheetforthepredictionofOxidant concentra＿  

tionbasedontheabovecriteria．Table4．4show5Criteriaassoci＆tedwith  

Fig・4・2■ Comparisonbetweenthemeasuredvaluesandthepredicted  
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Table4・3Cros5taLblebetweenthemaximumwindvelocityoftheupper  
layerandthelevelofOxidantconcentr8tion  

012 012   

Fig・4・2 Checksheet払rthepredictiomofOxidantconcentr8tion  
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T8ble4．4Decisiont8ble5brthepredictiondrO裏d弧tCOnCentr8tion  

（1）リhonリind v010eitios of upperlayo「  

are ob＄erbed．  

し8VelofりindVelocity  

0   2   

＝‖  

ロ   0  0－1   

＝り  ＝‖  

0－1   1－2  
盲．ヨ三  ‖り  

ト2   1－2   2 

2   2   2   

（‡〉 Uso the f011＝in（C「ite「ia：   

①hi【h止en hiEhest te叩eriture ≧ 35℃．ind   

②1＝ 止en highest t…PeratUre ＜ 35℃・  

（2）〉hen ｝ind veloeitieミ Of 叩POrlayo「  

arelれissln【．  

① ＋② ＋ ⑳lIJ  

皿  田   

（⊃l■■  

Eの⊂  
0   0   0   

●■00  
一t⊂」－H  

Ll⊃  

ヽ－■  

0   0   2  

○（JL ・■■く⊃  

．．．．ィL  卜2   0   
中00  

2  

＞．亡L  ○且っ  
」OIⅥ   0   2   2   

（l）Add tho correspondin‘numborリhQn tho  

f011…in【COnditionsi「e ＄atisfiod；  

① －1リhen ＄hinin【h8ur5 ≦2 hour＄，  

⑳ －lvhon hl【host t…POritUrO ≦25℃．ind  

⑳・luhon hi‡host te爪印「▲tu「e ≧ 3S℃．  
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T8ble4．5 Re引山さOrOxidantpre山ction8   

（▲）Ch●¢k 古h●●t．   

0   2   Tot11   

0   9S（8．‘3〉  iO 川．2‘）  17（8．1‖  lS2   

川（0．13）  31（8．川）  3i（0．17）  77   

2   0 （0）  ‘（0．1り  38（0．帥）   叫   

（b）仙1tl－「●lr●S5lon nod●1．   

0   2   Totll   

0   7‘（0．i3）  45（0．37）  0 （0）   12l   

17 川．23）  5‘（0．77）  ○ （0）   73   

2   0 川）  吊 ＝‖  8 （0〉   ‖   

（亡）Fu三三y 月Od01．   

0   2   Tot11   

0   ＝け（8∴‖‖  3S（D．23）  10（0．07）  lS2   

15（0．19）  ヰ5（0．S8）  17（0．22〉  77   

2   2（0．OS〉  20（0－15〉  22（0．SO）   ‖   

。neSWiththischecksheetisshowninTa．ble4・5（a）・ThegoodnessofAti9  

de丘nedby  

拘＝ り＝1－2，3，               l  
（4・1）  

where nidenotes themmber ofdatainleveli，andni→5thenumber  
。ftime，When the datainleveliis predicted＆S tha，tinlevelj・The  
goodnes50fRtis＄howninparenthesesinTable4・5・AlthotLghdata＄ud”5  

durationofsun5hine，・wea・therandhighesttemperatu∫eh8VetObepredicted  

inadvance，SuChdatacanbepredictedmorepreciBelybyl151ngphysical  
and／or．statistica，lmpdels・   

Regre5Sionanalysis・isalsoappliddtothepredictionofOxidantcon－  

centration．On35days；thedataofwindvelocityoflthe■・ut，Perlayerwerp  

－57－   
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Fig・4・3 MeasuredOxidantconcentrationver＄uSPredictedonesbythe  

m山ti－regreSSionmodel  

missing・1Theobtainedlinearpredictionmodeli＄aSfb11ow5：  

y＝76・＋0・33ズ1－2．2ズ2＋21．ズユー1．3ズ4  

＋0．025ズ6－0．76ズ8，  （4・2）  

WhereYdenotesOxidantconcentration，Xldu∫ationofsunShine，X21evel  

Ofweather（0：rainless，1：raining，butnotallday，and2：raining＆lm05tall  

d8y），X31evelofatmosphericpresstuegradientclaBSi鮎dwithFig．4，1，X．  

windvelocityoftheupperlayerob5erVedwith＆Pilotballoon，XBtemper－  

atl甘e】andX8windvelocityatthegroumd・Figure4・3，how58C8tterplots  

withmeastuedOxidantconcentrationandpredictedonesbyEq叫ion4．2．  

Compari＄Onbetweentheme8Suredvaluesandthepredictedone8withthe  

linearmodelisBhowninTable4・5（b）．Thecontrolleddeterminatjoncoef・  

丘cientisO・49IWhichisfairlysatisfactoryfbranenvironmentalprediction  

model，butEquation4・2cannotpredictthevaluesathighconcentr＆tion．  

4・3IJinguisticModelingforOxidant Prediction  

Fuzzycontroller5havebeenintroducedbyMamdami（1974）andM8mdani  

andAssilian（1975）forlthecontrolofcomplexpro⊂eSSeS，和CllaSindu5trial  

Plants，e5PeCia11ywhennoprecisemodelofthe・PTOCeSBeXist8andmostof  

－58一   



aprioriinLbrmationisavai1ableonlyinqualitativefbrm．   

TheintuitivecontroIstra．tegleStlSedbytrainedoperatofSmaybeviewed  

asthehzヱyalgorithm（Zadeh，1973），Whichprovidesapossiblemethodfbr  

han亜ngquant8tiveinbTmationin8TigoTO11SWay．Inpnt－011tpⅦtIelations  

ofthe5yStemaredescribedintheformofif－thenru1es．Then，uSlngfu立方y  

reasonlng，thebehaviorofthesystemwi11bepredicted．Anex8mPleof  

suchafuzzyT111eisas払uows：  

げ〇1iJVery∫m叫α几d正2ねね叩e，  

統帥Zわ¢Ji〃Jeんigん．  
（4・3）  

WllereSuCllWOrdsasltve叩抑α‡P’，tく】α呵e”andll¢肋ie九iタが町e血石叩8et5．   

Theserules areortheform：  

如上e上j＝ げ正1ねAlj，〇2由A2メ，…，訂mi8Amブ，  

（4・4）  

伽n z ね Cブ，  

Where2，i（i＝1，2，…，m）areinputvariables，andzisano11tPutVariable・  

Aij，Cゴ（i＝1，2，・・・，m；メ＝1，2，・‥，花）arefuヱZySetS，misthenu皿berof  

input variables，andnisthenumberofrules．GivenlnPutValues2：（．，the  

Predictionofo－1tP－1tZ．iscalculatedbyasetofnrules．   

First，the truth value ofthe premise ofthe jthruleis calculated as  

fbllows：  

叫＝Aり（腋ト）㊥A2j（ヱ2．）⑳‥・⑳4可（腋m．），メ＝1，2，‥・，乃，（4・5）  

Where⑳denotesaminioperatororproducta・CCOrdingtocases・Aij（勘）（i＝  

1，2，‥・，m；ブ＝1，2，…，n）aTemembershipf皿CtionsortllehzzysetAiブ・  

Aij（z＝i＊）isthetruthvalueofagiveninput2：i．・   

TheresultoffuzzyreasonlngwiththejthruleisglVenby  

Cゴ（z）＝WjXCゴ（z），J＝1，2，‥・，軋   

Thecombinedmember9hipfunctionC’isde丘nedby  

C－（z）＝m示eメ（ヱ）．  
J  

－59－  
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Fig・4，4 F正之ZyreaSOmng  

Finally，tllepredictionz★isglVenbythecenterofgravityofthemembership  

hnctionC♯（z），namely，  

JzxC♯（z）d（ヱ）  

（4・8）  

JC－（z）d（z）   

Figtlre4．4i11119trateSfuzzyreasonJng・ThemembershiphIICtionderived  

丘omthejthruleLcj（z）isshowninFig・4・4with8hntedlineB．Thecom－  

binedmembershipfunctionC’（z）isshownontherightinFig，4，4．ReT  
9ultantprediction z，is5hownas thecenterofgravityofthec6mbined  
membershiphnctionwithaboldline．  
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Fig．4．5 Fug叩SetSOrOxidantconcentr8tion   

4．4 ApplicationtothePredictionofOxidantCon－  

centration  

Itis sometimes di瓜cult topredict environmentalconditions at highval・  

ueswitharegressionmodel・Achecksheethasbeenpractica11yu8edfor  

environmentalprediction．Sinceacheck sheet canbeviewed8S aCO11ec－  

tionofif・thenrules，fuzzysettheorycanbeappliedtoimprovethechick  

sheet．Weexpressrulesintheformofif－thenrules a．ndpredict Oxidant  

concentration with fuzzy reasoning. 

Examplesofr山esare：   

R≠Jel： 〝‘んe血相山花〆き肌5んi叩e由gん0亘  

仇e乃 0ェi血花‘comce－1わⅦゎれiβJoworverγJow．  

月≠Je2： 〝lんe血相‘わ几可∫≠れ∫んinei8l（mダαmd銑el〃eα仏eri8♭叫  

JJl・、れ －ヽ！・‘・川J‥けい・・・一両山l・Ⅶけい－ド・、－・！、り・yいu・、   

飢Je8：げ鮎血相血れOJ∫ヤmβんinei∫わ叩，鮎w印伽ri＝Otあdd，  
沌り叩、巨丹－・・・刑ドリI、t・！い、－1′l－l・l叩・－．  

αnd鮎血dve∫oc和げ班epper桓er 
・ 

（4・9）  

Table4，61istseightinitialrule5fbrpredictingOxidantconcentration・  

MeIT血eTSuphnctionsare81soshowninTable4．6．FiglⅡe4・5i山15trateS  

fuz乙y＄etSOfOxidantconcentration．ForrepresentingOxidantlevelB，魚ve  

血石zysets訂euSed，tllatis，llりeryJow”，’リow”，“α〟HJeんiダん”，“んわん”，8nd  

”1，e7・yhigh”．Amember8hipfunctionthtexpreMeSaCOmbinationoftwo  
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Table4．6 RulesfbrthepredictionofOxidantconcentration  

Ⅰトelosl  Thon－Clo＄○  

Rulo  
Shinin【   Lo〉0lof  Vind vl－   Oxidlnt COn－  

N0．  リoithor  

Hロurさ  At【川●P「○＄  loeity of   eontritlons  

6rl 
＊   H 

〕し（m／＄〉   （DDhln）   

＄  1…OrVOryl…   

口  E  b 
，．   

2  て∠  ゝし  
l l．】  l   1 1 l  

1…Rlol  
l  ll  ll   

8  10n（  not ♭id  5日ill  18｝’押 ∨○√y18ソ  

ll．1  t   1  1  t   1  1  t  

トl  
1   11   tl   

not bld  爪Odium or  mい＝＝けけ   10u Or VOrylbV  

1く〉nt               」＝  ゝ  1℃と  VIL   hl  4  

ll．1 l   l  t  l  l  t  t   ■l●11【   l   tl   暮l   

† l  l  t   一  l t  tl   5  lt〉nt  nl）t bid  ¶edium  引‖止   hi【h  

6  lonl  not b▲d  modiuIh  さt「Onl  11ittllhi【h l〈t   」＝  bゝ＿  ム  L∠  

l 1 1  t  l l  t  l t． 川   l  l1  1l   

7  ユon∫  n8t b▲d  ユ慮rI¢  …lk  仙けl…y月h   」⊂  ヒゝ  ・L∠  L  

ll．1 t   l l l   l l l   l t ll   ll   ■l   

8  10n【  not bid  1ir【○  5t「On【  alittlohiIh l＜l   L＿∠－  』＿  胆  L∠＝   ll．1 l  1 1  t  1  1  l  l t  tl  l   tl  ll   
l At爪OSPho「ic P「essu「O Gridi9nt  

lI〕ppo「しiye「  
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山方zysets，brexample“ん叩九orvery九fgん”，i畠de丘nedby  

Aij（正i）uAiた（可＝血n（Alブ（訂i）＋Aiん（訂り，1）・  （4・10）  

ThepredictedresultbyusingtheserulesisshowninTable4・5（c）・The  

ung扇sticmodelisbette－ttlan止ectleCksbeetfoTIJeYelO〉b雨如ttlepOin七島  

inIJeVe12，thecheck5heetisbetter．Al＄Othelinguisticmodeli5betterthan  

theregressionmodelた〉rLeve12・  

4．5 ModificationOfPrediction Models  

There5ultoflinguisticmodelinginTable4．5（c）isnot so亨atisfa・CtOry，  

beca，uSetherearetwodayswhenthelingtli5ticmodelmistake8thedatain  

Leve12forthatinLevelO．Wemodi専fuzzyrulesfromthreepointsofview．  

TIleyarethe＄ubdivi8ionofrules，mOdi鮎ationofhzzysetsincon8eqllenCe，  

andthep＆rameterOPtimizationoftheme血bershipfunction5・  

4．5．1 Subdivisidn orRules  

TherearesomepointswherethedatainLeve12arenotcorrectlypredicted  

withthelinguisticmodela5ShowninTable4・5・T＆ble4・7showBtime5＆nd  

weightoffailureforeachrule・Thevalueattheupperrowindjca・teSthesum  

ofthetruthval11eOfthepremise，Thev8111eatthelowerrowinp8rentheses  

indicatesthetimestobeapplied．Rule8ismainlyappliedtotheca＄eWhen  

theu叫山sticmodel血stakesthedatainLeve12fbrthatinIJeVelO・R山e  

7and Rule8aremainly applied tothe case whenthelinguiBticpodel  

mistake＄the datainLevelOfor thatinLeve12．Rule8is subdivided as  

鈷uow8．  
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Table4．7 Time8andweightoffhilllrefbreachrule   

2   3   4   5   8   7   8   

し○∨010＿●Lov011  
（28）   

し○∨010＿●し○∨012  

5．39  3  

し○Vell－●し○∨010  
（‘）  （3）   （3）  （2）   

1．5  
し○∨●11＿◆し○∨012  

（3）＿   

しov112．◆Lov018  

し○∨012→Lov011  
l．27  

（‘）   

伽Je8－1： げ仏e血相如m扉8皿8ん血e由α石加JeJonダ，仏eweα班eri∫nO‖，叫  
仏eイeveJ扉pr田βⅦ化タmdie†lti∫Jα叩e，  

α托d！んewmdveJoc軸毎払epperJ叩er由∂tm花夕一  
班eれ 0〇i血花曇comce†ltrαtioれlきd打〃Jeんigん．  

伽Je8－2： 〝仇e血相‘わn扉β肌∫んiれeわわ几g，銑ewe¢仇eri8nO＝〉dd，  
仙・ト・トイJり・出－‖、けrlltft′，l＝一J・叩・、．  

αnd仏el〃indveわ仁和扉班e叩perJ叩eri8きt和明，  
仇e†10ェi血れtCO陀CeIl血書ioれiβんiダ九．  

．（4・11）  

Theserule5areilh＄tratedinTable4・8；thepredictedre5ultwiththe8e   

ninerulesi＝howninTable・4・9（a）・Althoughthegoodnessof丘tlower＄  

ffomO，70toO．67払rthedatainLevelO，itincreases丘omO．50toO．77for  

thed8t＆inIJeVe12．   

Figtue4・6i11ustrates scatterplotsbetweenmeasured vdlle写OfOxi－  

dantcohcentrationandpredictedoneswith■thesubdividedlingui8ticmodel．  

Thismodeli＄bettertl18nthelinearmodel，bbc811SeitczLnPredictthedati  

inIノeVe12morecorrectly・  

－64－   



nble4．8・P8rt80rきubdividedr山esbr血epredictionorOxidantcomcen－  

tration  

If－¢lo8l  Thln－Cloさe  
Rulo  
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Fig・4・6 MeasuredOxidaLntCOnCentrationver5uSPredictedonesbythe  

fuzzymodelwithsubdividedrules  
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T8ble4．g Resulc50fOxidantpredictiorLg WiけIthreemodi丘edlhgul＄tic  
models  

（a）Fuzzy model（vith′subdivided rules）．   

0   2   Total   

0   102（0．‘7）  38（0．2S）  12（0．08）  152   

13（0．17〉  33（0．13）  31（0．ち0〉   

2   0 （0）   1D（0．23〉  3‘（0．77）   川   

（b）FuzzYlnOd01（vithIlOdifiモd fuzzy sets．usin‘  

no川ilizod fu三三y roi＄Onin【）．   

2   Total   

0   川1（0．郎）  32（0．21）  19（0．13）   lS2   

13（0．17）  30（0．39）  錮（0．叫）   

2   0 （0）   4（0．09）  40（0．9＝   川   

（¢）Fuzzy MOdel（vithmodified membQrShip functionミ）．   

0   2   Totil   

0   101■（0．砧）  32（0．21）  19（0．13〉  1S2   

13（0．17）  31（0．40〉  33（0．43）   

2   0 （0）   ん（0．09）  ち0（0．91）   り   
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T8ble4．10P8rtSOfmodi負edT山esわrthepTedictionorO裏d8ntCOnCen－  

tration  

（▲）【odlflc●tl0111†rul■事（b●†or● ∩‘‖・＝ll】●tlon〉  

Ⅰトclo＝  Th●n－Clo■●  

Rul●  
し●∨●10†  Vlnd v●－  0▲1dlnt‘On一   

Shlnll＼l   
∨●▲th●r  

Hour暮  

8＝I   】し雷l（■／tI  （卯h■〉   

7－1  ▲11ttl● l011l  not b▲d  1▲rl■   ∨●■k  v●ryIlllh   

hl【hor  
7－2  10∩【  hOt btd  11r‘●   リ●▲k   ∨●「yhllh   

ヱトcl01●  TIl●ハーCh‖‖  

Rul●  
L■∨●10f■  Vln（lv■－  ローlくhnt e（川－   

H0．  5hいIlnl   
lllth●「             〈t」lP√●3  10¢lty o†  ぐ●ntrltlo爪暮  

H01けl  
Orr 

l   

uし雷雷（▲／り  （pph■）   

7－1  11＝りl 10 ＝▲k  hl‘ho「  
11‘   Y●′yhllh   

7－2  lon‘  notl■d  11「ll   ∨●lk  V●ryllllh   

l」＝耶‖小●「l∈ Pr●義奮ur● 8rldl●ht  

llUpp●r し1y■「  

4．5．2 ModiRcationofFu2iZy Setsin Consequence   

Wehavethusfarmaderulesintuitively，refemngtothechecksheet・h  

thissection，WemOdifyhlZZySetSby11Slngthemeaslmngdata・Thereare  

manyCOmbinationsofthefivefuzzysets・Weleavetherules丘omlto4  

tlnCharLged，a．Stheseru1esareobvious（seeTable4・6）・Fortheremaining  

fourru1es，WeSubdividetherulewithdura．tionofsunShineandgeteight  

rules．Wede負nethetotalgoodnessoffitasfo1lows＝  

（4・12）  p＝pll＋p22＋p33・   

Apartoftherulesisi11ustratedinTable4，10（a）astherule8beforenor－  

ma．1ization．Whenthedu∫ationofsunShineislongandothercondition8  
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l●llOnll川  

vlいIlul●t  

l■▲●OnllllVlth  

lul■lllul●モ  

u†t●ナ Hlr▲■ト  

l  

Z  

l■▲l…l爪I  

vlth Rul●t  

■l Xl  1－ X－  

た●l暮Onln‘Vl亡h  

tリ1●llRul●2一  

い＝＝●r Hor■▲ト  

hltlqn〉  

l  

．5   

0  

l   

．S  

8  

Z  

t●110hhl  

■い止hl●王  

一I Xl  一●1●  

一I X1  1■ X■  ；  

tul●l：l†よtlt v●rY ●■111、■れd Xtl■l■rl■ th＝：llllltりlhl‘h．  

Rul●2 三l†x－l● ＝111、＝d Xll暮■■dlu■ th＝ Zl● hl小or v●rY hlIh．  

h止●2●：Ⅰ†x．l■川111、●nd】．1●■●Jlリ■th…ll●∨●ry hlIh．  

1パー▲1u●○†れ．1－：V▲111● ○†ち．モ：h●dlH●d ＝1リlO†【．  
りt；〔＝†l一●n¢●†●Clor o†th●lr●■l暮lO†‖山■ t  

リバCon†h山川沌●†＝tO■ ○†lh■l■●■1●●●†日日● 2．   

日代．4・T Mt－《1川ぐ■‖川l 

町e theきame，the v山ue orOxidant concentr8tioni8u5u8nyldgher th8n  

th8tWllemthedw8tiono一肌m止inei85hort・Tllere古山torT8ble4．10（8）  

cont∫a山cts七山s ob5erVedphenomenon．Thisisbec8uSeby tllere8，Oning  

withEq118tions4．5－4．8，theres正tis5en5itivetotheわuowingvdue／  

／cj（ヱ）d（z）・  （川）  

TheresultoffuzzyreasonlngWiththejthrulei8nOWmOdified．hBte8dof  

Equation4・6，thefollowingnormalizedeq11ationisu9ed・  

りq（z）  
（4・14）  Cブ（z）＝   

JCブ（z）d（z）   

ModiRedfu乙ZyreaSOnlngisshowninFig・4・7・Nowweexp18inbrienythi8  

modj負edfuzzyrea50nlng．Suppose  

／cl（z）d（z）＝1，  

一68一  
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fortheintegratedvalueofahzzyset“aLiutehigh”・Thentheintegrated  

V8111eOranlZ乙ySet“ん匂んorveryん匂ん”is  

／c2（z）d（z）＝1・5・  

Andtheintegra．tedvalueofa，fuzzyset“veryhLgh”is  

／c2′（z）d（z）＝0・5・  

（4・16）  

（4・17）  

A＄ShowninFig．4．4，theresultoffuz町reaSOnlngwithRde18ndRule2i8  

gre＆terthntllatWithRulelandRtlle2’，Whichcontr8dict8theobserved  

phenomena．Afu石Zy8etOf“hLghorveryhigh”ismore＄en8itivethantht  

Of“veryhigh”imthe calculationofcenterofgravitywithEq11ation4．8．  

As8bowmin Fig・4・7，the resdt ormodi鮎d血石町re8SOnlng Wi比IR皿k  

18ndRule2isle＄SthanthatwithRulelandRule2’・Table4・10（b）  

Showsapartofthemodifiedrulesafterhormalization．Fbzzyset8inthe  

COnSequenCe are COincident with the observedphenomena，Theresulti＄  

ShowninTable4・9（b）・ThetotalgoodnessofAtwithmodi鮎dhz叩Set8  

isl．96，Whichisbetterthanthatofthelingtli＄ticmodel，1．86．  

4・5・3 P＆rameterModiflcationofMembershipFunctions   

ParametersinpremisesinTa，bles4・6，4・8and4・10wereglVenbyexperts，  

looki∫唱atthedistributionofdata．Forexample，thefu石ZySet“duralionof  

sunshineisshoTIMisglVenbythe■h1lowingfunction＝  
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＜0．5  

＜2  8horf（〇）＝  （4・18）   

Nowweoptimizeparametersthatchra，CterizememberBhipfunctions．  

Figure4．8sl10WSfuzzysetsondurationofsun＄hine．Thedurationof＄un－  

8hineisexpressedwiththreefuzzy＄etS，thatis，“ShoTl”，“aLi〃LeLong”8nd  

“Lon9”．P8rameterSql，q2，＆ndq3ShowninFig．4．8aredet㌫miふedwiththe  

nonlinearoptimi2；ationtechnique，We8et  

（4・19）   ′0≦91≦92≦如・  
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ShiningHour5  

Fig・4．8 Trapezoid81hzzysets   

andmaximizethetotalgoodne＄SOf点tde鮎IedbyEq11atiorL4．12．   

The Simplexmethodforunconstrainedminimiz8tionw88devi8edby  

Spendley，Hext8ndHimsworth（1962）・Boxh88mOdifiedthi8methodto  

丘ndconstrainedminima，andtermedhisconstrainedSimplexmethodthe  

“Complex”method（Box，DaviesandSwann，1969）・   

htheComplexmethod，k≧4（thenumberofvariables＋1）point5  

are11Sedtoformaconfig11rationL The objectivefunctionisev8hLatedat  

eacl10f抽e5epOint5＆nd抽eve∫teヱOf5ma追e5thnctionYaiuedetermined．  

Thisworstpointisreplacedtoincreasetheval11eOftheobjectivefunCtion  

iteratively，It canbeexpectedthattherei8aPOintontheprod11Cedline  

joinlngth寧rejectedpointa・ndthiscehtroid，Whereit5Valueoftheobjective  

fLlnCtionisgreaterthanthatoftherejectedpoint．Qo，i5eXPre89eda8  

¢0，＝（1＋α）Qo－α¢”  （4・20）  

WhereQ，denotestheworstpoint，Qothecentroidoftherem8ining）erticeB，  

andQo†＆neWPOint．cti5anempiricalparaLmeter，   

VariotlSCaSeS，Ca11ingfbr difFbrent treatments，＆risea8fbllow5（Box，  

Davies8ndSw弧叫1969）：   

（i）Ifthistrialpointsatisfiesal1tlleCOnStraints8ndisnottlleWOrSt  

pointinthenewcoh£gura・tion，thewholeprocessisrepeated．   

（ii）Thetrialp9inthappensto 

点guTation，inwhicllCaSeamOVehalfw＆ytOWardsthecentroidis  

ma，deinsteadoftheba烏iciterationofover－reAection，Whereby  

OVer－reaeCtioni5meantthepointontheproducedhnejoimng  
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therqectedpointandthiscentroid，butαtimes8Sfar丘omthe  

CentrOidasthere且ectionoftherqJeCtedpoint．   

（iii）Ifthetrialpointmovedhalfwaytow8rdsthecentroidhppen8  

tobetheworstpointagain，thepointislaidaside．   

（iv）Ifthetrialpointdoesnotsatisfysomeconstraint，thatvari8ble   

isresetj11Stinsidetheappropriateboundary（byanamountOf，  

forinstance，0，0000001）togiveafurthertrialpoint．   

（v）lfnotrialpointimprove5theobjectivefunction，WeStOP the  

iteTation．  

S11itabl亘emplTicauydeteTminedYal11eS如α8ndたaTeSaidtobeα＝1．3  

andk＝2×（thenumberofvariables）・k（＞（thentLmberofvari8bles）  

＋1）pointshvebeenfoundnecessarytopreventthecon負glnation丘om  

COllapsing prematurelyinto a sub．space．The use ofthe over－re負ection  

factor（1＞1enablestlleComplextoexpandwheneverpoBSible，Whilethe  

movestowardsthecentroidallow▲theComplextocontractwhennece5i＆ry．   

Accordingly，WeSet（l＝1．3aLndk＝20・Asinitialpoints，205etBOf  

threevariable＄WereObtainedrandoruly，Theworstpointisremovedfrom  

thevertexofcon£gtlrationandanewpointisaddedtoincreasethetotal  

goddnessor丘t．   

Modj鮎ationoftheComplexmethod   

Anyiterativeminimizationmayconvergetoaloc81minimumin8tead  

Ofthereq山一edglobalminim・hthisc舶e，pOintsaTeCOnVeTgedwheTe  

thegoo血ess of丘tisp＝1．5．TIlegOO（hess of飢i5WOr5eth8ntllat Or  

thefuuymodelwithmodifiedfuzzy5etSWherep＝1，96．Thisisbec＆uSe  

asmalldlangeOfapaLrameterdoe5nOtuSuallychangethegoodnes50f負t  

Whenfuzzyrea眉OnlnglSuSed．Thenweaddanothercriteriabriteration   

（vi）IfthemmberoftheremaiI血gpointsbecomeslessthan（the  

nu血eでOfvari8bles）＋2，theTemOVedpointswillbeincl11ded  

againtoglVefurthertrialpoint5，  

Theobtainedparametersareasfollows：  

91〒0・4，酌＝1・8，93＝10・0，qmd p＝1・98・  （4・21）  
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Thee＄timationresultusingthe5epar＆Tneter9i98howninT＆ble4・9（c）・  

でheredoeすこnO亡e裏如訂ea仁山飽rencebetween仁山8re8d七郎Id仙8tOr血e  

fu2；2iymOdelwithmodi丘edfuuysets．Thi5・8howsthatwec8nObtainthe  

肋間mOdelbyexperts8SWem8Sbytheoptimiz8tiontech止q11e．  

4．6 ConcludingRemarks   

A proper modelcan be btlilt with regres5ionanalysisifwe can obt8in   

SuLRcient d8ta，lIowever，itisvery di氏cult toobtains＆ti＄f＆CtOryre5ult8   

wiCh aregression modelifthe number ofdat8i5山niCed．We tried to   

make8PredictionbymodelingandincorporatingtheproceH Ofhum8n   

thinkirtg andjudgment・The datain Leve12canbe predicted correctly  

－→Ⅳi班a血g扇ざtjcmodel，b山no亡witl18揖ne8rlnOdel．A5a辻ng山如icmodd  

is expre8Sedin terms offuz名y SetS，a．mOdelcanbe obtained evenifwe   

h8VenOnu皿eric81d8ta・Iti5pr8Cticany8ppli⊂ableto8nyC8Se，88long   

a＝山able】（nOWledgei50b象山ned・Webave8180扉u戯edぬemetl10d to   

modify8memberBhipfunCtionand5howedthtpar8meterOPtimiz8tioni8   

applic8ble′tothiscase．  

hordertoimprovetbetotaユgoo血eき50f£らj亡i5VerylmpOrt鋸IttO   

extracthumanknowledgeand toconstruCt e恥ctiverules．Iti5eXPeCted   

thatcomputergraphicswiuhelpthistask，Whichwi11bepresentedinthe   

先山owing止apte∫．  
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Chapter 5 

Intelligent Decision Support 

SystemforEnvironmental  

Planning  

5．1Introduction   

Iti50bYiollSlyfarbeyondthecapabilitiesofindjvid11aldiBCiplinesaswellas  

iIldividualresearcherstopredictenvironmentalproblemsintheearlypart  

ofthe21stcentury．Tocopewithsuchaproblem，Wehavedeveloped  

computersystem，themainftattlreOfwhichi5integratedutilizationofthe  

knowledgeandjudgmentofexpertsinrelev8ntfields・   

Coupledwithprogressinsystemsscienceandmethodology，advance8  

indjgitalcomp11terteClm0logyhaveproducedgreatprogre5Sintheneld  

ordecisionsnppoTtSyStemS（S喝e，1981，GTuVeT恥Td弧dG8一心ner，1984  

andWangandCourtney，1984）・ArtiAcialinteugenceteclm0logyha981so  

hadagreatinfhenceinthlSneld（Zadeh，19738ndSageandWhite，1984）・  

UseT一缶iendlyman－maChineinteT一弘ces8ndheⅥTisticmdeliI唱tedlniques祈e  

usefu1toolgfbrmodelinglarge－5Caleandcomplexsystem＄＿（Nikamori，1989）・   

TboIstoelicit（experience－based）intuitiveorinner，perSOnalknowledge  

orideasare8u∫Veyedt〉yl祀nd8ris（1979）・Elicitedknowledgeoride8…re  

combinedtodevelop＆grOuPPrOductof“higherqu＆hty”thanotherwi8e  

usual1yavai18ble・AnumberoftooIshavebeendevelopedtoa＄Sistinbuild－  

ingふndanalyaingstruCtuialmodels（Warfield，1974indIJend8ri＄，1980）・   

ApartLofthischELpterWZL5publi5hedinIEEETrELn8・Sy8・，M＆n＆ndCybern・（YOl・20，  
no・4，pp・777－790，1990）byM・Ⅸainum8，Y・N8bmoIし叩dT・Morit8・  
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Techniquesapplicabletom＆Chinecon5truCtionofdigr8phm＆P8ZLreglVen  

byW虹鮎1d（1977）弧dS11giy8m8，T8g8W8mdTod8（1981）・   

ThepurposeofdevelopingInte11igentDeci5ionSuppdrtSystem（IDSS）  

istocombinesuchmethodoIogies5yStem8tic811ywithexpert8’knowledge  

andtoclaribrcurrentandfutureenvironmentalproblem8．Thesystemi8  

usedrecursivelytobuildenvironmentalmode15hrpredictingfutlueenvi・  

ronmentalconditions．   

hthischapterwepresent theprocesse8tOuSetheinteuigemtdeci8ion  

SuPPOrtSyStem：theidenti丘catiopproce88，themodelingprocess8ndthe  

Simulationproces5・Theidentificationprocessconsist＄Ofcollectingknowl－  

edge as weuas nllmericaldaLta，identifyingthe structureoftheproblem  

and analyzlng enVironmentalconditions throughlingl山tic nl名ヱy8imuh－  

tion・Themodelingprocessconsist80fbuildingcomptlter8imul8tionmod・  

elBbycombiningexperts’judgmentsandnu皿ericaldata．The5imulation  

PrOCe＄SCOm＄ist阜Ofpredjctingf山ureenvironmentalconditionsbya88umlng  

SOmepOlicyscenarios・   

As anexample，We analyzedenvironmentalproblem8and obtained a  

fuuymodelforpredictingNO2COnCentrationb8SedonseveralhttLre9Ce－  

nariosaboutTokyoBaydevelopmentprograinsinJ＆pan．  

5．2 Identi負cation ofEnvironmentalProblems   

Thep11rpO8eOfthis5eCtionistoexplainidenti鮎＆tionproce5Se8forenvi・  

roIlmentalproblemsinJapanintheearlypartofthe215tCenttuy・U8ing  

theDelphimethod，5Cen8riosoffuttLreenViron皿entaltrend5WereCO皿ected  

8nd storedin the5y5tem．Tllen relationsbetween80Cio－eCOnOmic＆CtiviJ  

tiesandenvironmentalproblemswcreidenti鮎dinthefbrmofgr8P如by  

u＄ingsuchknowledge8ndVistlalStruCtllringSupporter（VSS）・Tbhther  

investigatethe9tr11Ctu∫e，Wehavesimulatedimteraction8mOnglmPOrt8nt  

f8CtOrSbyLinguisticFbzzySimulator（LFS）・  

5・2・1Howto Collectf】Ⅹpert＄IKnowledge  

Therearemanycomplicatedrelationsbetweensocio－eCOnOmictrend5and  

environmentalproblenis・Thereaibsocio－eCOnOmictrends9uChascomlng  

一－74－   



Table5．1A8Cenafioortr8氏cnuis8nCe  

n■氏くⅣ山8■れくt  

Appro▼td5亡亡nむjo  R七山lo【Su”Oy   

Rtt山一orlhモ2nd仙r▼ty  W仙tl■止Ⅲ細両山M仙叩軒叫血＝朋1モ▼iudtm■nd■  

mu血Fセーte－▼VlモーyOr800d－．It▼山becomモimpoft■山br  

血－tI帆・pO－抽imln血■tryt01T■n●pOrt■m■uqⅥ■ntltiモtO†  
g。。d・叫dlymdplm亡tu山r．－・払軒lゝ抽t一肌IPOrt】n8l一喝亡  
moⅧnl10fg叩dl■110V∽lt．8耶■ul七0l川d■山u8tlon，  
tて瓜亡▼ql叩▼i止血℡t餌ttb∫Qゆ牡ttk▼ゝol＝○ⅦntTy．  

n■環亡brlei川∫e▼iu■llOinαe＝声▼i抽tbtin亡rt”亡Inh・  
亡Omモ．Al旺o11ghptople▼川‖l■▼モロは血訂亡■ttr亡On亡emIb∫  

tll書出▼itlgtn▼1ron皿亡nl■ndtr■鳳：nt山肌くモ，it▼iubt〔Ome  
▼t∫y山風一山br■utllOrilit奮t01止亡モ爪⊂ti▼e亡Olmt●r爪t■・  

－U∫t鳥■ Conlequently．▼itll紘一lnmMtlnln（Orn亡．tr8侃e  
n山●■n⊂t▼山もーくOmt▼0伸L  
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・4・3・2・10＋1＋2＋3＋l   

Wo－‡tn－・・Pl亡山亡Ilon－h叩rO▼t  

Ofinhrmation－intensivesociety，aglngPOPulation，internationaltradeaild  

TokyoBaydevelopment・TherearemanyenVironmentalproblem8mCh88  

tra熟＝nui8anCe，W8terPOlltltion，SOlidwasteproblem8ndcity8menitie＄．  

Weexpressedsuchcomplicatedrelationsbyan80TtO200－WOrd8Cenario，aき  

ShowninTable5・1・Morethantwohundredsuchscenarioswereprep＆red．  

Tocheckthevalidityofthescenarios，We115edtheI）elphimethod，Which  

hsbeenwidelyusedinvario－1Sfieldstoelicitexperts’knowledge（Gordon  

andHelmer，1964）・   

Wea5kedexpertstocheckwhethereachscenariowasre8層Onableornot  

andtoaddanewscenario，ifnecessary・Wea5kedthem＆galn，Showingthe  

Previo11SreSult・Nearlyonehundredscenario5WereaPPrOVedandtranslated  

intoknowledgedata．  

5・2・2 WlmtAreXnowledgeData   

Figu†e5・1i11ustratesknowledgedata・Toexplainknowledgedat8，Wewi11  

takethescenariothat describeshowtheincreaseinpersonaLlincomeper  

CaPitawi11a仔ect trafRcnuisance．We cal1theessenceofthescen8riothe  

lpropo9ition，・Anexampleofapropositioni5a・Sfb11ows＝‘Asincomeper  
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Fig，5．1 Anek8mpleofknowledgedat8  
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C＆pit8incrca8e5，tra鮎nuisancewi11becomewor9e・’Thenwe8naly名edthe  

＄C甲虹io8mdextr8Cted8eYer81events弧dtheirre18tion888払uo椚：‘h・  

Cre8Seinincome’，→‘Nee加ゎrav町ietyofgoods’，→lChangeortr8爪c与eト  

Yice’，→‘heTe8Seintr8爪cYOlume’，→‘Worsemngortr8凧：nl血8nCe．，Be－  

8ides8u血relation8，Ottleでitemsofin由一mation811血娼in払mation801ばCe8  

andre18teddatabasenumbersarestored8＄knowledged＆t＆・   

ⅨnowledgeB8SeManagementSystem（ⅨBMS）canfindintere8tingknowl・  

edgedatawithkeywordsanddisphythisdatairrmediatelyonrequeBt．  

5．2．3 HowtoIdentify SystemStructures  

SeYeTdevents andtheiTTelationsぴe WTitteninknowledgedata．TheTe  

aresomeotherrelationsbetweeneventsstoredindiqerentknowledgedat＆．  

The5eeVentSarelinkedtogetherbyVSS．Thesupporterc8ndisp18ythese  

relationsinthefbrmofdigraphswherevertice＄COrreSPOndtoeventsand  

edgescorrespondtorelationsamongtheseevents．Itisrecognizedemplri－  

Callytllatdrawing＄Ofthedigraphsare115efu1＆SaVi8ualaidtounder8tand  

OVerallimage＄Ofthe struCtureSOfthe complex system8．Suglyamaha9  

developedmethodsforgeneratingavi5tla11yunderst8ndabledr＆wingofa  

hierarchyaIutOma・tical1ybycomputer（Sugiyama，Taga・Wa8ndToda1981）・  

We adoptedthesemethods andmodifiedthemsoas toexpres8”Bimi1ar”  

and“inver＄e”relations．  

Figure5・2illustratessuchanex8mple，Thisgraphisobtainedbylink－  

ingtheevent‘WorseningoftrafRcn11isance（TrafRcWorsened）’toother  

relatedevents．WefindthatlInhrmationInd11Stry’，‘LandPricehcre耶e’  

andtProductionofmanykindsofgoods（Multi－Production）’afrbcttraLRc  

n11isanceinadditiontotheevent，‘1ncreaseinhcome，．   

VSShassevera・lotherfumCtionsbesidesd∫awings11Cha5truCtu∫e．We  

CamOPenan’event’subwindowtofindadetailedexplanationofanevent．  

Canse and e仔ect or弧eVent Cant〉e eXaminedby thefunction50f血e  

‘upper’＆nd’lower7seardl．The’1ayout’fLmCtiondrawsthestruCttueinaL  

more云ompact払rmtolooka．tthewholestruCtureinoneftame．  
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Fig・5・2 Anexampleoftheenviron皿ental5yStemstruCture  
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5．2．4 An81ysisofSystemStructures   

Thoughtheproces80fsimulatinginter8Ctionbetweenevent8i8importantin  

understandingthe＄yStemStruCture，itisu5ua11ydi鮎ulttoobtain911氏cient  

numeric81datatobuildstatisticalmodels．IJFSh朋beendevelopedto＆Hi5t  

inbllildingpredi⊂tionmodelsusingexperts’knowledgezmdthemethodof  

山名叩re8SOnlng．   

Theconceptoffuzzy8ettheorywasintroducedbyZadeh（1973）．A  

linguisticmodelcon5i与t＄Ofseveralfuzzyrule5S11Cha＄  

γuJeが：け正1iJA空，訂2わA書，・・，£，i占Aき，  

血…ブわA‡，j＝丹1，付2，…，m，  
（5・1）  

Where正i（i＝1，2，…，r）and2，j（j＝r＋1，r＋2，…，m）a・reinputandoutput  

YaTiables，TeSpeCtively・Aき（i＝1，2，…，m；た＝1，2，‥・，p）訂eh叩さetち  

8uChasLow，mediumandhi9h・Theintegerpisthenumberofrules．LFS  

PerLbrmsfuzzyreasonlngbyrefhlngtOknowledgedataorquerylng＆uSer  

8bou七山五男yrelation5．   

Figure5・3showsanexampleofalingui5ticfuz2：y5imulation．Wec8n  

Chooseseveralimportantevent8丘omamongthosedi8PlayedinFig．5．2，  

S11Chitems ofinLbrmationasindicators，lhitialvalues andrelations are  

as8umedinitiallytobethosestoredintheknowledgeba虐e．The9ed8taZLre  

displayedinthe‘setting’subwindow．Wecanadd，mOdify，Ordeletethe5e  

dat8interactively．Wec8naSSlgnaCOntrOlfunctiontoe＆Chvari8ble．We  

PreParedfbtLrhnctions，aSteP，unit，1inearandlogarithmicfunctionfor  

COntrOlhnctions．Whenwepointtoapanelofeachfunction，aSubwindow  

i80PenedforsettingparameterS・Wecanalsochangerelationsinter8Ctively  

withtheaidofthe‘relation，subwindow・Theresultoffuuyrea50nlngl＄  

Shownintlle‘prediction’subwindow．   

Asanexample，WeSimulatedinteractionamongindicatorssucha・Sin－  

fbrmationindustry，fuelprlCe8ndtrafRcnui5anCe・WhennlelprlCerises  

SteePly，tra凧：nuiヲanCeisimprovedslightly・A＄timegoeson，itgetsworse  

＆galnwithurbanizationandanincreaseinserviceindustries．Wec8nana－  

1yzetheenvironmentalproblemsbyi11ustratingsuchintera，CtionwithLFS．  
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Fig・5．3 Aresultoflinguisticfuzzysimulation  
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5.3 Modeling of Environmental Systems 

In Section5・2we analyzed environmentalproblem80nlywith expert8，  

knowledge8れdjudgment．hthissectionweexp18intIleprOCe8Se80rbl山d・  

1ngCOmp11ter8imulationmodelsbycombiningexperts’judgment5＆ndnu－  

meric81data・Threes11bsy5tem8hvebeendevelopedforas8i8tingln血Odel  

building，namely，hteractiveModelingSupporter（IMS），VisualClu5tering  

Supporter（VCS）andControlledFb右耳ySimulator（CFS）・  

5．8．1HeuristieFuzzyModelimg   

hmodelbuildingofenvironmentalsystems，WeOftenencounterdi瓜culty  

inobt＆inlnglinearmodels・TocopewithstlChacase，Wedividethed8ta  

sp8Ceinto severalhzzySubspace8andineachfuzzy sub8PaCe Wehd  

Set Oflocalinput－O11tp11t relations describing acomplex system（S11genO  

andKang，1988）・Themostimportantfbatureof8h石ZymOdeliBthat 

c乱neXPreSSnOnlinearrelationsbycombininghzzyrule5developedineach  

hzヱySubsp8Ce．   

WellSe the samenotations de魚nedin Ch8Pter3．・Suppose we h＆Ve  

＆SetOfexp18natOryVariablesZ＝（2：1，2；2，・・・，2，，）＆ndaBetOfexplained  

VaJi8blesO＝（れ斗1，訂叶2，・‥，腋m）．   

ItisdesirabletoextraLCtalinearrelationineach8ubspace．Itis，how－  

ever，VerydifRculttodoso，because wehavetobuild（m－r）equations  

toexplainbel18Vior ofvariablesin the5et O，and some ofthe elements  

inO areexpla，inedbynotonlyvariablesinthe＄etIb11talsotho8einO．  

Moreover，SOmeOfthestatevariablesinObecomeexplanatoryvzLriablesat  

thenexttimestep・Becauseofsuchacomplexsituation，itisverydi氏cult  

todividethedataspacesothatwecan負ndlinearmodels．   

In theた）1lowlngWeadopt a stepwiseproce＄S eXplainedin Chapter3．  

Wedividethedataspaceintotwofuzzysub5PaCe5withthezLidofVCS．  

S11PPOSeWeObtainpremisesoftworules：  

・上1：げ蓼ii8Aさ，md  

・上2：げ訂if∫Aぎ．  
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DataS  aceDiYisiom  

DataAn山y8i8  

Patk川MrId■t  
PossibilityAnalysIS  ◆  

If ズis  t血en yi8  

◆  Regres8ionAnaly818  

If ズi8  then y三≡Co＋clズ．  

Fig・5・4 Theprocesso‖厄叩mOdeling  

Corre＄POndingtothesepremi5eS，WedeveloptwopatternmOde19byde允ning  

member5hipfunctionsandtwolinearmodelsせiththeaidofIMS，Figure5．4  

show5theseprocessesschematical1y・Nowwegrve   

De且nitiom5二1＝（membershipf皿Ction8）．  

Letu8de丘ne thecbaracteristichnctions：■  

1，正；∈A（   

0，訂i¢Ai  

i＝1，2，…，m・  （5・2）  Xi（訂i）＝  

Let us put 

専＝（旬∈ズ‘lαj∈ズた，j∈（1，2，・：・，¶‖，王＝1，2，・・・，m； 

（5・3）  

andletqA，q畠andqhbethenrst，SeCOndandthirdquartilesofthedat8  

set叶WedeAnethemembershipfunctionAf（正i）ofthevariable勘tOthe  

山名zy5ubspaceA鳥a5た〉1lows：  
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／’ ），X直i）），£i≦曾畠，  hJい叩（－  
）】   

丞（£i）＝  （5・4）  

‘れ炬叩卜購）－油））・勘＞姑，   

wheretland12arettLnlngparameterS・  

Weidentifythemembershipfunctionwithakindofpossibilitydi雨ri－  

b11tionhnctionanddefinethepatternmOdelby   

・アαtterれ〟odeJ．が＝ げ〇iig Aき，鮎n  

‡ブiβAき 匝emember和郎c如れiβAき（〇川，ブ＝γ＋1，丹2，‥・，m・  

（5・5）  

Ontheotherhand，Wedevelopalinearmodelineachfuzzypsubsp＆Ce，  

1・e・，   

・エineαr肋deJ．が：げ〇i由Aき，伽n  

m  

正ブ＝鴇＋∑堵町 メ＝r＋1，r＋2，…，m・  
‘≠ゴ  

（5・6）   

IMS o爪・rSSeVeralstatisticstocheckgoodne＄写Ofline8rmOdel＄，8uCh  

asstandarderrorsandt－fatiosofestimatedcoe氏cients，8ndthest8ndard  

devi8tiono一丁eSiduals．   

However，a・Sitis dangerous to check goodnes50flinearmodel80nly  

by＄tatistics，WehavedevelopedCFStoevaluatetllembyexamininghow  

estimates are distributed．Let usintroduce  

Dellnition5・2：（con見dencefactorofestimates）・   

Letusgeneratemany，SayN，randomnumbers2｝i18uChthatAき（2，；L）＞  

0（J〒1，2，…，〃）asinputvaluesら＝‘（i＝1，2，・・・，け1et輯betbe  

e5timateorvariable〇ブ（メ＝r＋1，γ＋2，・‥，m）bytheline8rmOdelorthe  

rule．Lhwiththesetofgeneratedv81ue苧（＝1l，C2l，・・L，Z，L）・Letus・define  

theco7tFdenceJacloroftheestimate堵・by  
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n；＝1Aき（∬iJ）  
cチ＝   ，ー＝1，2，…，凡  （5．丁）  

m8判（n；＝1Aき（才iりI  

恥te抽ata山e5亡im8te5堵bave抽esameco几鋸ence如to一缶r血eJ・地鳥et  

ofrandominputs．The corLAdence factorindicaLteS、howthecombin8tion  

ofinput vahe50CC11rredinthepast・Iti5difFbrentfiomthtde毘nedin  

Eq11ation4・15whichis11Sedwhencheckingthemodelbehaviorwith8eVeral  

r山e8．Thisfactori8u5edwllenCheckingarde・  

Weexaminegoodnessofhnearmodelsbyplotting（料cF），t＝1，2，・・・，N，  

andcomparlngthemwithpatternmOdelsuslngCOmP11tergriphic5〉8nd  

thendecidewhichmodelweshouldadoptineachrule．Wecan触value80f  

＄Omeimportantexp18natOryVariablesthougho11tthe8imul8tiontoreve81  

any叩eCialcasesthatmayoccurinthehttlre・   

Now，We8皿打iヱethealgoritIlmOrtlle魚rst鵬8geOrhel血8ticnlZ五y  

modehng・hprinciple，Wedividethedata8PaCeintotwoh㍑y811b8paCe8  

＆nddevelopap8tternOrhnearmodelineach5ubBP＆Ce・Thenwerepe＆t  

thi＄PrOCeSSineachfuzEy＄ubspacezLSlongasWeC8nObt8ingoodmode15；  

orcoⅦr8ethewordタ00disusedheresomewh8t凱血jectively・  

Algorithml＝（heuristicfuuymodeling：Stagel）・   

Stepl・Develop8une8rmOdelwithIMS，u血g8nd8t8・げ8gOOdmodel  

i5Obtained，then8tOP・  

Step2・De蝕1etheda七千SPaCe（BuPPOrtSet）inR7n・  

Step3・Dividethedata・SPaCeintotwofuzzysubspaces，re長打1ngtOdc・  

greesofdata山vi扇on8ndlooking8tSC8tterplot島・   

Step4・DevelopapatternmOdelineachsubspacebydefiningme血ber9hip  

nlnCtion8．   

StepS・Develop．alinea・rmOdelinea・ChsubspacewithIMSandcarryout  

simulationtoeⅥ山柑teit．   

Step6・Determinethe免nalmodeliheachrulebetweenpatternandlinear  

models．Ifagoodmodel▲isObtainedineach5ub8PaCe，then9tOP・  
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Otherwise，rePeattheprocessfromStep3，treatingeach8ub叩8Ce＆8  

tlleWboledata8paCe．  

5．3．2 ModiJIcationofFu2；乙y Models  

Suppo9eWeObtainaISubmodelconsi＄tingofprule＄・Weexpl8inhowthe  

肌血modelpTO（hcesestimatesoftheYa－i止1esinhelはistic駄ほ町mdeling・  

NowweglVe  

De8nition5．3：（estimatesofheuristicfu㍑ymOdels）・   

GivenYaluesorinp11tSヱレ，正2．，‥，腋”，Sati5専ing   

p  

∑A甑．）＞0，i＝1，2，‥・，†，  
ん＝1  

（5・8）  

theestimatesorvariablesinO，denotedby珠（ブ＝r＋■1，り2，・・・，m），  

ba．sedontheruleLharegrvenbythesimpledata触inginthec85eOfaL  
linearmodel，andby  

ふ疋ブAき（∬j）旬  

（5・9）  
，た＝1，2，…，p   

ふAき（茫ゴ）血J  

intheca8eOfapatternmodel・De魚netherelativedegreesofbeliefofthe  

一山eがby  

n；＝1Aき（正i．）  －   
I   た＝1，2，…，p・  （5・10）  

∑荒＝1（n；＝1A㌢（£i．））  

Tllenthe丘nalestimateisglVenby   

p  

訂ゴー＝∑が旬．，メ＝γ＋1，γ＋2，…，m・  
ん＝1  

（5・11）   

Nowwesumma・rizethealgorithmofthesecond5tageOfheuristicfuzzy  

modiling，Whichusessever81criteriadefinedinChpter3・  

Algorithm2：（heuristich㍑ymOdeling：St8ge2）・  
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Stepl・Fixthev81uesofinputva・riable＄OneaftertlleOtherrefbmngtothe   

inp11tadmis＄iblefunctions．Ifthe8etOf8CtivevzLri8ble5I。becomeB  

thewholesetZ，then5etN＝1andgoto′Step4・   

Step2．Forthevariable2＝i∈Ia，put  

（5・12）  瑚±勘” 」＝1，2，…，肌   

Step3．Forthevari8ble2，i∈I古，generateNrandomnllmber5Cil，2：J2，・‥，訂iN  

丘omthedistribution：  

吋Jt－  
（5・13）  p車i）＝   

ム叫（勘）血i   

Step4．Calculatetheestimatesandtheiraveragesovertherules＝  

・eStimates‥ 堵，ブ＝r＋1，r＋2，…，叫J＝1，2，・‥，〃；た＝  

1，2，‥・，p，  

●aVeTage8‥ 贅杵〉 j＝r＋1Iγ＋2，‥・】m；J＝1，2）…I〃I  

acco一山ngtotheprocedu∫einI）e魚nition5・3・  

st。p5．Calc山雨ethecon丘dencefactorsc川＝1，2，∴，〃），theweighted  

averages磨jOVerrandomnumbers，mdthedegTeeSOr8C8tte＝メ（ブ±  

r＋1，γ十2，…，m）8CCO一山IgtODe免山ions3・68nd3・7・   

Step8．Plotthepoints  

・（〇ブ刷），ブ＝γ＋1，γ＋2，…，m；J＝1，2，…，〃，  

・（云メ，きメ），メ＝γ＋1，T＋2，…，m，  

inorderto写Valuatethemodelbehavior・   

StepT・RepeattheprocessfromSteplto6sever81time5aLndifnece8Sary，  

modi付theparameter5inmembershipfunction50rbuildheuri8tic  

rulesconsistingofpatternorlinearmodels・  
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5．4 SimulationofEnvironmentalSystems   

h Section5．3we explained the proce55eSinvoIvedinbuildingcomputer  

simulationrnodels，hsimulationprocesseswellaYetOt8kedi熊rentmodelB  

togetherandsetthevaltle50fexplanatoryvariable8byrefemngtopo8Sible  

policyoptionsorconstraintsincarrylngOut theplaLn＄・Themodelbase  

mamagementsystemstoresup－tO－dates11bmodelsandcombinessuchmode18  

witllfuture5Cenariosforpredictingfutu∫eenVironmentalconditioIIS．   

Notethatexplanatoryvariablesarenotindependentintheusu81case．  

Therefore we carefu11y choose explan8tOry Variables which8houldbein－  

CludedinIa，the set ofactivevariables．MoreoveT，8Smentionedin Sec－  

tion5．3，1，the＄ameVariable canbeincludedin both the set8Iand O，  

representingits5t鱒teSatSubsequent timesteps．   

Tbmakethediscussionclear，Weintroducesomenotation＄lLetI（t）  

andO（t）bethesetofexplanatoryandexplainedvariable”ttimel．They  

aredecomposedasfollows：  

坤）＝C（t）∪∫（ト1），C（り∩∫（ト1）＝¢，  （5－14）  

0（り＝∫（t）Uy（り，∫（f）ny（t）＝¢，   （5・15）   

whereC（l），S（t）andY（l）arethecontrol，Sta・teandoutputvariables，re－  

SpeCtively．   

SomeofthevariablesinI（l）cantakefixedva．111eSattimetandothers  

Cantakerandomvalueswithin theirinput ranges whichwillbe de丘ned  

later．LetIa（t）bethesetofactivevariables：thismeansthttheirv81ues  

are負ⅩedbythefbedbackcontroIormamlalcontro＝ntheca8eOfcontroI  

variable5，andbytheresultofsimulationinthecaseof＄tateVariables．Note  

thateven controIvariables cantaketheir valuesrandomiyinthede且ned  

rangeS・   

Weintroducetheinputdistrib11tionsateachtimestepfbrthevariable8  

in14（t）（＝I（t）－I4（t）），takingaccountOfthestatesatone－5tePbeforand  

the享nputadmissibilitythatisrelatedtotheconAdenceofthemodel．Now  

weintrod11Ce  

DeAnition5・4：（inputdistribution）・  
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Considerthediscretetimesequencet＝0，1，2，・‥7and8te8Chtime  
stept，de丘nethedat88etれ（りhr∬i∈ん（りby  

f＝00r疋i∈C（f），  
（5・16）  

・■・，缶品），亡＞0αnd£i∈坤），  

whereX‘iBthemeasllrementdatasetfor∬i，Znd2，nistIleL・the＄tim8te  

forz！i8tt－1・Letqil，qi2andqi3bethe丘rst，SeCOnd8ndthirdqu＆rtiles  

ortbe8etT樟），reSpeCtiYely・Wede血etheinp髄tdi∫f膏8u如nor8Y8ri8ble  

訂i∈ん（りby  

），叫（ご；）），£；≦拇，  i乃J（e叩卜  

（5・17）  ム（∬i）＝   

可（叩卜恕蕗），明い‘）），£‘≧払   

where叫（z，i）i8theinptltadmissiblehnctionintroducedinDehition3・5，  

w出血紺eCh弧gedbythevduesorv叫i8blesinん（り・Ⅳ如＝如Or恥＝如，  

thenwep11tqil＝qil－亡Orqi3＝qi3＋∈IWhereEis8PO8itive8mdlnumber・  

Wec仙theset（〇il力（∬i）＞0）the叫叩l相和gefbr£i∈ん・  

Thealgorithmた，rdynamicfuzzysinmlationi5grVenaSfo1lows：   

Algorithm：（dynarnichzzysimulation）・   

Stepl・Sett＝0・Fixtheval11eSOfexplanatoryvariable”＄正‘・Oneafter  

theotherintheirinputringesfbrsomeimportant 

Step2．Calc血tetheinputdistribtLtionsofvariable9inI8（t）bythepro－  

cedl∬einDe仁山tion5．4．  

Step3．Forthevariablea：i∈Ia（t），put  

正；ー＝勘．，J＝1，2，…，〃・  （5・18）   
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Step4．Fbrthevariableci∈Ia（t），generateNrandomnumber81，il，Ci2，・・・，Z，iN  

丘omthedi9trib11tion：  

A（ヱ；）  

（5・19）  pi（訂i）＝  

ふム（勘）血；●   

Step5・Calcul＆tetheestima・te  

堵，ブ＝r＋い＋2，・‥，m；J＝1，2，…，〃；た＝1，2，…，p，  

accordingtotheprocedllreinDefinition5・3・   

Step8・C81c血tetheaveragev叫es∬J∫Of輯（た＝1，2，…，p）0Verthe  

rules by 

∑…＝1如き∫  
r  

，扉＝HAき（正‘－），J＝1，2，…，几（5・20）  
i＝1  

rjl＝  
∑：＝1t〃チ  

Step7・TJett＝t＋1・Modi＆thesets71（t）andI4（t）・Repeattheproces5  

fromStep2untilthespecifiedterminaltimestep・  

5．5 CaseStudyonTbkyo BayDevelopment   

TbkyoaLnditsstlrrOundingsfbmoneofthebiggestmetropolitan＆re＆Sin  

theworldzmditspopulationisexpectedtoincreaseby8bouttheemiuion  
intenyears・hdustrialactivitieswi11alsogrowrapidlyinthisarea・There  

arem＆nyTokyoBa，ydevelopmentprogram5tOSuPPlyofncesandho118eS  
fbrp∫OmOtingsuchprogres＄．Thepurposeofthi5SeCtioni5tOe5timatethe  

environmentalimpact50fTbkyoBaydevelopmentprogramsbymodeling  
airpム11utionconcentration．  
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Table5：2 List ofvariable5inSubmode11  

Not8tion Me8nimg  

【yearlymeanintheare8】  
bay＿dist Dist8nCelromTbkyoBay（鳥m）  

【tothece爪terOrthe8rea】  
pop＿day Popu18tiondensityinthedaytime（persons／km2）  

【inthe8代8＆neigわbor≠！  
ind＿prOC Industrialshipmentdensity（104yen／kTn2）  

【inthe8re8＆neighborsl  
imd＿City Urba．Tlindustrialshipmentdensity（104yen／km2）  

【inthearea＆neighbors】  
trade Densityofthewholesaleandretailsales（104yen／km2）  

【intheaTea＆neighbo司  
traf＿den Weightedtra爪cdensity（10りたmつ九）  

【inthe8rea＆neighbor5】  
ind．5qu Landuseforindustry（％）  

【in旺e8rea＆neighborsl  
tTafjqu Iノandu5efortr乱用c（％）  

inthe8rea＆neighbors  

5・5・1ModelStrueturing   

RefもrrlngtOSyStemStr11Ctu∫eSanalyzedinSection5．2，mOde18truCture5  

WerediscussedamOngeXPertS，deci5ionmakersaLndanalysts．Thedevel－  

OPed modelconsists oftwo5ubmodel5．S11bmodellestimate8the aver・  

ageconcentrationofnitrogendlOXide（NO2），theweightedtra疏cdensity  

（traf－den），etC・inanadministrative8reaba．sedonthechnge5inpopula－  

tiondensityinthedaytime（poprday）intheareaandneighboringregion8・  

Submode12estima．testhechangesinpopulaLtiondensityinthedaytimein  

the areaba，Sedon thescena，rio 

alongthecoastorTokyoBay・   

The5electedvariables todevelop SubmodelBland2are8ummarized  

inTable5．2and5・3，reSpeCtively．Figure5・5show8thehierarchicalmodel  

StruCtu∫eaSS11medatthebegimlng・Notethata・nyVariablewithincomng  

arcs shouldbeexplainedby someofthelowerlevelvaria．ble5interms of  

apatternOrlinearmodel．Thereare丘veandsevenexphinedvari8blesin  

Submodelsland2，reSpeCtively．  
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Table5．3  Listofvariable5inSubmodc12  

Notaもion Meaning  
pop＿dens Population  

【intheareal  

pop＿inc R－ateOrpOpulationincrea5e（％／year）  
【intheafea】  

pop＿day Populationdensityinthedaytime（persons／km2）  
【intheareal  

pop＿dinc Rateofpopulationincreaseinthedaytime（％／year）  
【inthe8rea】  

bousJat La正duseforhousing（％）  
tintheareal  

housJnc Rateorincrea5eO†housingarea（％／year）  
【intheareal  

olrJnc Rateo【increa5eOrO爪c舗（％／year）  
【intheareal  

cent＿dis DistancefromthecenterofTbkyo（km）  
【tothece山erorthe乱re8】  

pop＿P【Op Populationdensily（persons／鳥mユ）  
【intheneighborsa打∝tingthearea】  

popJnc・R8teOrpOpu18tionincrea5e（％／year）  
【tbeye8rbefb－ellintheareal  

pop＿prO・RateorpopulationincTeaSe（％／ye8r）  
【theyearbefoTe】【imtheneighborsa魚詑tingthearea】  

0打＿p【0・ Rateofincreaseo【0凧：督（％／year）  
intheneighborsa鮎ctingthe8rea  theye8rbefore   
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；POLICY】  

・0・ltheco88tOrTokyoB8y・  

Fig・5・5 ThehierarchicalmodelstruCtureaSSumedatthebeginmng  
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POP＿dl   

Fig．5，6 ScatterplotsofNO2VerSuSthemainexp18natOryV8riables  

5．5．2 m乙ZyModelBuilding   

Themainp11rPOSeOfthissectionistobqildmodelstoestima・tetheinAuT  

enceofbuildingnewo取：eSandhousesalongthecoastofTokyoBay・For  

developingS11bmode11，Wedividethedata＄Pa・Cebythev8riablepop－day  

bylookingatscatterplotslikeFig・5・6inwhichthe5amemaLrk8indicate  

thatJthecorresponding dataarecontainedinthesamecl11Ster・hprac－  

ticetlleyaredisting－ユisbedbyd膿≡rentCOlor50nthecomputer・Wel血Id  

Rulesl－1（pop－dayislarge）andl－2（pop－dayissma11）independently，tlSing  

thedividedd8ta．SetSthatcorrespondtoclustersAandB，reSPeCtively，in  

Fig・5・6．   

Weexaminegoodnessoflinearmodel5bytheproposedsimulationtech・  

nique・Figure5・7illustra・teSrandomsimulationwithRulel－1・Theex－  

planatoryvariablesarep18Cedontheleftwiththemembershipfunction9  

drawTLina・discreteform・Thesimulationre5ultisshownontherightin  

Fig．5．7．Theestimatedvalu寧Sandtheirconfidencefactors（‡；いCt）＆re  
drawnwith21×71evels・Figure5・7showsthtiuexp18inedv8riELble”re  

welle＄timatedbylinearmodel5・WefirBtSetthetl甲ngP8rameterS‘18nd  
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Fig．5．7 Randomsim山ationwitllRulel－1  

t2inmembershipfunctionsa・Sllbral1vari8bles・Wealsoadoptedline8r  

models hr Rulel＿2．   

Figule5・8showsaresultoffuzzysimulationusingRulesl－1andl－2・  

Thesimulationiscarriedolユtbyfixingthevaluesofbay－di8tatthelevel8  

7，10and13，andchanglngthevaluesofpop＿dayfromleve18to17・   

FromFig．5．8weca，nSeethataspopulatiofLdensity（pop－day）become5  

higher，NO2COnCentration（NO2）becomeslowerwhenbay－didtislaLrge，  

whichcontradictstheobservedphenomena，，Iti8neCeSSary tO＆dju5tPa－  

rametersinmembershiphnctionsandtobuildanotherrdefortheca＄e  

wherebothpqp－dayandbay－di3tarelarge・lIowever）Wehavefbwdat8for  

su鴎acase．Figure5．9showsrandomsimuhtionwhenbothpop－dayand  

bay▼diBtarelarge．Here，Weu月ethelinearmodelsdevelopedinRdel－1  

（pop－dayislarge）・Theestima・teSOfthelinearmodelsforNO2andindTPrOC  

aLre Smaller than thoseofthe pattern models．We develop Rulel－3，in  

w損亡h〃02andiれdぜγOCareeXplainedbyp8tternmOdel＝mdo仙eT58re  

explainedbyunearmodels・Moreover，WechngethettmJngP8rameter8  

asわno椚：fl＝2．Ofor♭叩■dわfinR111el＿1，tl＝f2＝2．0知pop＿血y  

inR山el＿2，andtl＝0．5foTあ叩－d壷8‘imR山el＿3・Figufe5．108how8the  

simul8tionre引11taftertheabovemodi免ca．tion，Whichi＄fhirlysatisf＆CtOry．   

ForSubmode12，WedevelopRules2－1and2－2corre8POndingtotwo  

premises‥PqP－inc＋islargeandpop－1nC＊i＝mal1・lmRule／2－1weu5elinezLr  

model＄EoTa11explainedvariables，butinRule2－2weh8VetO11SeP8ttern  

modelsforpqp＿den3，POP示rqpandoff－inc・Weomithere8nyfurther  
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pop＿dlY   

Fig、5．8 m宅乙ySim山ationwith蝕e81－1andl－2  
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Fig．5．9 RandomsimulationwithRulel－3  

explanationabolltSubmode12・   

FiglN占5・11isanexampleofthesceneinsimulation・U5ingthedevel－  

opedSubmodelsland2〉WeCanSimul8tefutl汀eSta・te＄Ofexp18inedvari－  

ablesbyas5umngSOmeSCenariosregardingTc．kyoBaydevelopment・We  
arecontinuouslydeveloplngOtherru1esconcernJngOurfutureenvironment・  

5．6 ConcludingRemarks  

hordertopredictthefutureenvironment，Weha・Vedeveloped＆COmPuter  
8yStem，themainftatureofwhichisintegratedutiliEationoftheknowledge  
a．ndjudgmentofexpertsinrelevant鮎Id9・Therearem8nyC88eSWhenwe  
cannotobt8insu蝕ientm皿ericaldatatob山1dupさねtiさtic81modeli．Thi8  

computer9yStemisdesignedtocopewithsuchasituation8ndto＆n81yze  
theenvironmentalprot）1ems．   

Withthis5yStem，Weidentifytheen）ironment81problem8aLndc8nOb－  

t8inaAIZZymOdelfore5tim8tingtheenvironmentalimpactofTokyoB8y  
developmentprograms・ThesystemisⅦ5efu1as＆decision8uPPOrttOOlfor  

clarifyingcurrentandfutureissuesconcemngtheenvironment，fbrplan－  
nlngane爪≡Ctivemanagementprogramandforpromotingcomication  

amongre5earChers・  
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POP＿dly   

Fig．5．10 nlZZySimulationwithRulesl＿1，1＿2andl＿3  

ー97－   



Fig・5・11Ⅰ）ynamic血gzyきimldatjoll☆i仙tbeTbkyoB叩mOdel  
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Chapter 6 

Concluding Remarks 

6．1 Summary  

Anintelligentdecisionsupportsy5temforuseinenvironment81plannlng  

ha・Sbeendeveloped・Itconsistsofeightsubsystem5；theesubsystems are  

usedfbrmanaglng＼relevantdata，andmodels，tWOStlbsystem5areuSedfbr  

identifyingenvironmentalproblemsa・ndthreesubsystemsareusedfbrtheir  

modelingandsimulation．   

Itis difnc111t to obtain suLRcient numericaldatatobuild up st8ti5ti－  

calmodelsforthepredictionofenvironmentalproblems．Thepurposeof  

developlngthiscomp11terSyStemistoassi5tinidentifyingenvironmental  

problemsaswellasinbuildingstatisticalmodelsthatuseexperts’knowl・  

edgeandj11dgmentfiomtherelevantfields，   

Touseexperts’knowledgee仔ectively，Wehvedevelopedahigh1yu8er－  

friendlysoftware・Thissystemassistsinmodelbuilding8ndreduce8the  

burdenoftrialanderrornecessafyfordeveloplngaCOmPuterSimulation  

model．   

Fuzzymodelingteclmiqueshavealsobeendeveloped払rmodelingnon－  

1inear5yStemS．Con丘dencefactorsanddegreesofsc8tter＆rede丘nedto8ee  

towhichdegreetheobtainedmodelissuitedforslmu18tion．Thedeveloped  

COmPuteTSyStema・SSistsinundersta・ndingmodelbehvior．   

LinguisticfuzzymodelinglSalsoane斤bctivetooIwherewecannotob－  

tain・aSatisfactoTymOdelbystatisticalmodeling．ThedeYelopedsystemis  
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ムelp血1払rbujldjnglinguj如icnlggymOdelβ・   

Withthis sy5tem，We haveanalyヱed urban environmentalproblem＄．  

The rel＆tion5betweenlPban activiti朗8nd environment81condition8are  

identiRedandfutureenvironmentalconditionshavebeen8imulated．   

Thesystemisl柑efu1asadecisionBuPPOrt tOOlbecauseitc且mCl訂勒  

CWTentand免Itu∫ej8和eきCOllCem】ng班eeれViromnellt，aぎWeⅡ8タ888jβ亡hl  

theplannlngOfeWectivemanagementprograms．Italsopromote8COmm11・  

nicationbetweenresearchersiTLdjLrtrentscienti丘c負eld＄Whoare8tudying  

COmPlicatedenvironmentalproblem5．  

8．2 Future Direction＄  

TheTeareanu血berof8Venue5aV扇1able丘）∫tlleimprovement8nd／町eX・  

tenBionofhtelligentDecisionS11PpOrtSystem・OnethatiscurrerLtlybeing  

researchedisamethodofclass和ingknowledged＆ta．TherearevaLrio11S  

kinds ofknowledge da．ta anditis very di氏cult tofindrelations among  

them．Wearedeveloplngmethodstoclassi舟thesedatainteractively8nd  

todrawgraphswhichrepresenttheirrelation8．   

We are also studying amethod tomodj舟graphs dr8Wn On aCOm－  

Puter．Iti5reCOgnizedemplricallythtgraphsareu＄efula，SaVi＄ualaid  

to11nderstandoveTa11im8geSOfstruttwes ofcomplexsyさtemさ．Weh肌e  

implemented themethod to draw graphs atltOmatically．However，there  

aresomeca．ses whenwewant tomodiけtheresult8．Forthispurposewe  

areimplementing the method to change the relations and corre叩Onding  

graphsinteraLCtively．Thismethodisalsou月efulforc18SSifyingknowledge  

dat8．   

Anotherareaた〉rnlturereSearChtha・tisbeingex＆minedi＄improvement  

Ofa．1gorithms・Tousethesy＄teminteractively，itise9Sentialthatthere－  

SPOnSetimeisshort・Sinceexeclユtionofdynamicfu五Zy5imul8tionreql山reS  

muchtime，We areimprovlngSOmealgoritlms、Itreqllire5mtLCh timeto  

calctlhteinput admissiblerange8andcon最dencefactors8ndto＄imul8te  

futureenvironmentalconditions、   

Forutilizlngtheknowledgebasemoree爪≡Ctively，Wehaveto＄tOreaS  

muchkn6wledgedataaspossible．Onebottlenecki5theconver8ionfiom＆  

scenariotoknowledgedata・ItisimportanttodevelopmethodsofatltO－  
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maticallyinterpretingscemrio5andtranslatingthemintoknowledged8t8・  

For仙8pWpO8enatⅥ∫811ang118geeXpreSSion止0山dbe8t11died・   

We＄Ometimesfindconflictsbetweenknowledgedata．Iti8neCe55arytO  

c18ri＆thes占conBictsandtotreatthemsothtuser5donotmi5tmderst＆nd  

tIleirrelations，MethodstodetectconAictsandtointerpretthem5hould  

beちt11died．   

Aproblemalsoliesinumderstandingthesimuhtionresult88ndtran8，  

1atingthemirLtOknowledgedata・Wesugge5tedamethodinChapter3－  

wherelnPutadmissiblefunctions，COnfidencefactorsanddegreesof5Catter  

glVeuSefulinjbrmationfortheirtranslation・Itisnecessarytodevelopa  

methodtotr8．nS18．tethe＄imulationresultsintotheformofiトthenrulesfbr  

storlngthesimulationre5111tsandmaking11SeOfthem・   

Itisalsousefu1tofurtherstudymethodsoffuzzyreasonlngfbranalyzlng  

environmentalstructures．There are ma．ny cases when wec8nnOt Obtain  

su爪tient n11mericaldata，tObuild tlP Statisticalmodels．Xnowledge and  

j11dgment ofexpert5areimportant factors to clar巾current andfuture  

environmentalproblem8．Methodstorepresentandutilizeknowledgeぬt8  

血ouldbeextended．   

Thesemethod8，ifimplemented，WOuldmakethesy5temmOreuSeful  

andwouldencoura，geuSerS tOPreParemOre detailed8ndmore accurate  

models．Thissystemwo山dbecomemoTee鮎ctiYebtc18r勒ingtbelong－  

termchangesofemvironment，andreflectingitinenvironmentalp18nnlng  

prOCeSSeS・  

－101－   



REFRRENCES  

Box，M．，．，D．DaviesandW・H・SwarLn（1969）：Non－1inearoptimi五8tiontech－   
niques．PliYer＆Boyd，EdinbⅦ【gh，52－54・  

Checkland，P・B・（1981）：System5Thinking，System5Practice・JohnWiley，New  
YoTk，330p．  

Checkl8nd，P．B・（1983）：ORandthesystem5mOYement‥mappin＄SandconAict9・   
J．Opl．鮎5．Soc．，84（8），661－675・  

Dalkey，N．and O・Helmer（1963）：Anexperimentalappli叫ionofthedelphi   
methodtotheⅦSeOfexpeIk Managモ．Sci．，○（4），458－467・  

G川Yer，W，A．，A．FordandP・C・GardirLeI（1984）：Publicpolicyanaly5i＝扇叩   
th【eeSyStem5SCiencetechnique5・IEEET［arL5・Sy9t・ManCybertl・lSMC－14   
（2），355－361・  

Ha（ary，F・（1969）：GraphTheory・Addison－We81ey，Readimg，274p・  

Harary，FリR，Z．NormanandD・CaTtWri亦t（196坤Strnc山一alMode18：An   
IntfO（hctiontotheTbeoryofDirectモd即aph§・Wiley，N叩Yorl，208p・  

r（ipel，K．W・（1982）：Ftl”ySetmethodologi亡Sinmulticriteriamodelling・I7r＝   
Fu”yInformationand DecisionProce9Se5－Gupta，M・M・arLdE・SancheB   
（e九），No【th－Ho11and，Amste【dam・？79・287・  

翫Imblad，Jr．，1．P．a皿dJ．05ter㌍ard（1P82）‥Co血010raCementkilnbγ－n叩   
loglC・ITL‥FtlmyInformatioztanddecisionProce5S，Gupta－M・M・andE・  
SancheB（eds・），North－Holland，Amsterdam，389－399・  

Kainuma，M．，T．MoIitaandY・Naknmori（1988）：DcYelopmentofaknowledge－  
ba5ed5y5temfo．5imulationofurbanerLYironment・Proc・the4thSympo5ium   
onnnmanInterhce，Tokyo，29－34（Japame弓e）・  

Kainuma，M．，T．MoritaandY．Nahmori（1989）：Developmcntofaknowledge－  
based5y5temanditsapplicationto5Cenarioanalysi9．P［OC，the5thSym－   
posiumonHumanIrLterface，Kyoto，147－152（Japamese）・  

Kainuma，M・andY．NakamoIi（1989）：Fu盛By mOdelingandit9applicationto  
thepredictionofOxidantconcentrations・nanS・OftheIn＄titllteOfSy5tem＄，   
ComtIOlandInformationEngineeIS．，2（7），23ト240（Japanese）・  

Kaimuma．M．，Y，NakamoriandT・Morita（1989）IJtteg【ated5upPO（t8y8temfor   
large－SCalemodelingandsimulation・Proc・the28thSICEAnnualConfer－  
emce，Mat5uyama，1209－1212・  

l（ainuma，M．，Y・NakamoriandT・Morita（1990）＝Integrateddeci5ion9uPpOrt   
sy＄temforenvironmentalplannlng・lEEE・nanS・Sy5t・ManCybern・120   
（4），777－790・  

ー102一   



Ⅹ8正maで町A二・andM・M・G叫a（19叫餌叩Mathモmatic弧叫odtl，in叫一  
・▲neerlngandrMarLagemfntSciemce・North－Ho11and・Am8terdam，1151－158・  

Kicke，t，W．J．M．（1979a）：Toward5inanily畠i50Ⅲ竜Jisticmodelfing・Fu叩  
｝ Sd層a皿dSy如ems，．2，293－307・  

xicke，t，W．J．M．（1979b）：Anexampleoflinguisticmodelling：tke；85edfMul－  
，deI，9項oryofpowef・In：1AdvamcesirLFuuySettheoryandApplicatio叫   
G。pta：，M．M．，R．K．Ragade，andR．R，Yager（ed3；），North－Holland，AL18T  
teTdam，519－540．  

Kickert，WJ・M・andE・・H・Mamdani（1978）‥AnaLysi80fah叩lo8iCO山EOller・  
Fu方叩Set88mdSystems，1，729－44・  

Lempel，A．andI．Cederbaum，（196b）：MinimムmfeedbackarこandLjeIte主8Ct＄，  
亡・lもBEnans．CiTCnitTheoTy，CT－18（4），399－403・  

LendaJiら，G・G・（1m）：0示thehnmチnrチSpeCtS前t・uCt呵m。仲g・Techno－   
loglCalForecastingamdSocialChange，14，329・351・  

r 

Lend叫G・ 
． 

l，instone．n．A．，G，G．LerLdari＄，S・D・．Roger5，W・Wakelarld＆ndM・Willi＆rn5  
．（1979）＝Theuseof5tfuCturalmodelingforJcFhnologyム85eS5Pleqt・Techno－   
10glCalforeca5timg叫dsocialchamge！141291－327・  

Mamdani，E・H．（1974）：Applicationoffu”yalgorithm5forcontrolof5imple  
． dy11a∫nicplamt．Proc・In5t・Electr・Eng・，121，1585－1588・  

Mamdani，E．虹amd竜．A弓Si】iam（1975）：Ane叩亡Iimentinli叩Ⅶiもtic－yntbe血  
withah”yloglCCOntrOlleT・Int・J・Man－MacbineSt11diellT，1－13・  

Mi＆OguChi，T，，M．Ochiai，M．NaitoよndK．Uchida（197g）：Onthepotenti＆lof  
aiTpOllhtion．Pioc．theTthSymposiⅥmOfEnviTOれmentdPIOblems，Tolyo，  
29－35（Japa爪eSe）・  

Mori6uChi，Y．よndS．Nishioka（1985）：Analysi56fairpollutibnandmaterial  
鮎w－f【Oma Yiewpoint ofⅥIban strnc仙re一・EnYifOnme山alRe8eaICh  
qⅥチ嗅rly，叫97－110（Japanese）・  

MoIita，T．andM．Kainuma（19叫：Jaさ8n，sEnYiTOnmentalPIOもIem，inthe  
Early PartOfthe21st・Century・－A For亨CaBting by Mean！Oflmproved   
pDelphiMethod－．The NationaLlInstitutefofEnviIOnmemtalStudie5．F－9－   
，89／NIES，Tsnkuba，137p・（Japanese）．  

Mo－ita，T・，M・Ⅹa中平a，H・鱒arasawaand．0・Naka5ugi（1990）：Apr。SpeCt。n   
Japan，senYiTOnmentalproblemsintheearlypチrtOrthe218tCemt叩・Jap8n   
JournalofWaterPollutionResもarch，1岳（1），2－6．  

M。Steller，：F・and．J・W・Tukey（t977）＝Dataamaly5i，，anすrc＄re”ion＝a？e印md   
，C？ufS芦in・8tatistics．Addi50n－We81ey，Reading，328p・・  

ー103一   



ⅣalふmoTi，■Y．（柑87）：・Inte－a⊂tive Moddli嶋andGami叩Sim血tio几br∫Group   
lDicisionMaking；・TowardInteractiveandIntelligent・Deci8ion；StlPpOrtSy8・  
tems．Springer－VeTlag，BeIlin，412－421・  

Nahm。ri，Y．（1989）：Developmentandapplicよtionofこami血＆CtiYemOdcling   
SnpP叫S吋em・Autoヮatica，25（2），185－206・  

Nahmoii，Y．andM・Kainl・maL（・1989）：Fu出y8irrLul＆tioT”mdit＝1pplicationt。  
・enYirdnmentalpre山ction・¶ans・0†tbeIm5tit雨eofSy8temi，Controlamd   
lmわrmationEnginee【5，2（5），166・174（J8paれe8け  

N＆hmori，Y．．S，Ni8hiohandM．KaintlTna（1988）：IdentiRcationof＆nenYiIOn－  
mentalpredictiommodelbyinteractiYe■mOdeling・Tt＆nB・LOftheIn8tituteof   
System8，Contr。1andlnfo－mati。mBnginee柑，1（5），180－1鱒（Jap8n亡8e）・  

如上8m。ri，Y．，M．Ry。b。，H．吏血waa。dY．畠awaragi（19呵An加併＆CtiYe   
Modelin芦SupportSy5tem（lMSS）・WP－85・77，InternationalIn8titutehrAp－  
bliモdSy5teI五8Am81ysi8，L弧embⅦrg，28p・・  

Ⅳakam。ri，Y・aサY・SawaIagi（1987）：M。delimg5叩pOrtSygtemfbrSy由m専   
AnalyticResearch・WPT87－25，InternationalITtStittlteforAppliedSystemB  
Amaly8i5，Laxenbtlrg，33p．  

Ni3hi叫S・，T・Moiita・M・KainumaandH・7Iarasawa（1987）；htelligentinfo（T  
matidnsystem towaJd5e冊cientenYironmentaldecisionm8king・Envirom－  
me山81ReseaIdQⅦaTterly，悶，110・126（Japanese）・  

Nishioka，S．amdM，Naito（l984）：AminfoImatibnsy，temfo‥mYi∫。nmental  
qⅦditya5Se5Sment・Prep・ImternationalSympo8inmomRegiom81InbIma－  

・1・tiopSyst？m9（IRIS）JLaPanA？5OCiationfoIPl甲mingAdminiBtration・Am＆gi－   
Japan．  

Norberg，、A・．IJ・andG・P・Johnson（1979）：StTuC叫C甲dunder8tandirLg＝80me   
ob5erγationsopcur 

． 

？oBumi，N・andS・，Ya岬aWa（1977）＝Clusteranaly5i5，ModernMathematics・10   

（9），5乍一8qノ（Japane予e）・  

procyk，T．J．and軋H．Mamdani（1979）：Alimgui5ti云8elトorgani‘ingp・OCeさ8  
controller．．・AlltOmatic＆，1年，15－30・  

SA防A▲・P・（1981）‥Behavio一丸lapdoTgamiねti。血1もom車detatiom8ihthede5igno†   
infomaLtionsy5temSandpiocesse5forplamnln＄anddeci＄ion川ppOft・11EEE  
T粥川嵐Sy8t．ManCybern．，SMC－11（9），840－878．  

・S叫料A，P，andC・C・White，ⅠⅠⅠ（1984）：ARIADNE；aknowledg亡－b㌫edIinter－  
8Ctive8y声tem■bTplannlmgahddeci5ioms叩pOrt・IEEE・T鮎川鼠Syst・■Man  
Cybモーn．，SMC－14（1），35－47・  

Sbe正dl占y，W・1G・R・HeェtチmdF・R・Himsyorth（1962）：Scquenti山pplic忘tioれOf  
simplexdesign8inoptimi5atiohrande‘0lutionaryopctitiom・恥chnomctric8－  
4，441－161．  

一．104－   



Stanciqlescli，F・（：1986）：・Ptinとiplesofmodellingand＄imtlhti。nOfl叫ge－，CaleAnPd、 
complex8y9teh畠：・ipplicationsin・eCOlogy・Sy8t・Anal∴Model・fSimtll・，3一（5），  
409－423．  

Sugiyama，K．，S・Tagawa：ahdM；・Toda・（1981）＝MethodsforYi9u＆1under5tanding  
ofhicrarchicalsystem5truCtllreS・IEEET上ZLmB・Sy8t・M＆nCybern．，SMCTll   

（2），109－125・  

Sugeno，M．8nd G・T・Kamg（1988）：St【ⅦCtureidenti軋atiomoffn叩mOdel・  
nは叩SetさandSyさtemさ，28，15－33・  

T8kagi，T．andM．Sngeno（1985）：Fumyidemti爺c8tionoI5yitem88ndit，8ppli－  
cationstomodelimgandcontrol・IEEEnams・Sy＄t・ManCybern・，SMC－15   
（1），116－132・  

Tamas9ia，R．，G．Batti＄taandC・Batini（1988）：Automaticgraphdrawingand  
readabilityofdiagrams，lEEETrazts．Syst・ManCybern・，18（1），61T79・  

Tukey，J．W．（1977）：Exploratory DataAnaly5is・Addi90n－We5ley，Reading，  
688p・  

VaLnWa19um，P．E．V．and Y・Nakamori（1985）＝ Simpli負cationofaCompre－  
hensiYeIIydroIogicalModelforScenarioAnalysis・WP－85，92，IntefnatiorLa1   
1n5titutefoTAppliedSystem5Analy5is，Laェenburg，31p・  

Wang，M．S．andJ．F．CotlrtrLey，JR・（1984）：A conccptualafChitecttlrefor  
gene一山ized decision sⅦppOTt SyStem SOftwaTe・柑EE nans・Syさt・Man  
Cybern．，SMC－14（5），701－711・  

War允eld，J．N．（1974）＝ Towardinterpretation ofcomplex str11Cturalmodel5・   
IEEETram5・Syst・ManCybern・，SMC－4（5），405－407・  

War鮎1d，J・N・（1976）：SocietalSy8temS＝Planning，PolicyandComplexity・John  
Wiley，Reading，490p．  

War負eld，，．N．（1977）＝Cros5iTtgtheory andhierarchy mapping・IEEET【an8・  
Sy8t，MamCybern・，SMC一丁（7），505－523・  

Wat80n，S．R．，，，J・Wei5SandM．L，DonrLell（1979）：Fu町deci9ionan＆1y5i5・   
lEEETrans．Syst．ManCybernL，SMC－○（1），1－9，  

Wen5tOp．F．（1976）：Deductive YeIbalmodelsofo【gani粗tion8・lnt・J・Man－  
MachineStudies，8，293－311．  

Wen5tOp，F．（1979）＝Exploringlinguisticcon5eqllenCe5・In：Advance5inFu”y  
SetTheo【yandApplications7Gupta，M・M・IR・K・RagadeIandR・R・YageI   
（edり，No由一Ho11and，AmsteTdam，501－518・  

Zadeh，L・A・（1973）：Outlineofanewapproachtothcanalysisofcomplex5y5temS   
Ianddecisionprocesses．IEEETran5．Syst．ManCybern・，SMC－3（1），28－44・  

Zadeh，L．A．（1975）：Theconceptofalingui5ticvariableandit5aPplicationto  
approェimatereasorumgl・lnformationScience5I8I199－249・  

－105丁   



Zadeh，L．A．・（1975）：；1JheE⊂On亡ePtqfa．1inguisticvariable叩d▲it8applieationto  
．apprd血血te了一色猥bnlhg】ⅠⅠ・In如matiomSci印CeS，＝8iL301－357‥・  

zadeh，L．A．（1976）：Theconceptofalingui5tic／Variableandibappliとよtionto  
・1apprOXimatereasonlngIIl二Information＄Cienccs，：0，43「80・／  

ー106－   



環境のモデリングと計画のための知的意思決定支援システムの開発  

甲斐沼美紀子・中森義輝・森田恒幸   

環境システム忙代表される、多くの変数が複雑に絡み合った非棟形システムの制御  

を総合的忙行うことは非常忙困難である。本報告はこの嘲の間笥に対して，客観的デー  

タ忙加え主観的如∂哉を有効に清川するための方法論及び支援システムの開発忙関する  

研死をまとめたものである。   
第1車で仏 領墳システムのモデリングの秋風 及び，従来のモデリング手法の間  

謁点を述べたのち．専門家の知識の利用の重要性を指摘し，それを支援するシステム  

の概要を税明するととも忙、本研究の目的忙ついて述べた。   

第2章で軋 計算機との対話忙よるモデリング手法に関する研究成果を述べた。ま  

ず，環境システムのモデリングで生じる問乱点を指摘したのち，人間と計算機との対  

諮忙よるモデリングの重要性を述べた。大気汚染濃度の予測を取り上げ対話型支援シ  

ステムの有効性を述べた。   
第3牽で軋非線形配象に対するモデル構造を決定するためのファジィシミュレー  

ションに関する研兜収束をまとめた。客観的情報忙加え主観的知識を有効忙利用する  

方法を提案した。複雑なシステムの非線形現象を表現するため忙，視覚的クラスタリ  
ングを用いた段階的モデリング忙ついて述べた。ファジィシミュレーションり際、入  

力を制御する方法及びシミュレーション結果から細微モデルを構築する方法忙ついて  

述べた。大気汚染濃度の予測を例としてファジィモデリングの有効性を示した。   

第4車で牲，窃門家の経験的な知弛をモデリングに取り込む方法について述べた。  

ファジィ朗！簡を適用して専門家の知見を数式表現し，大気汚染濃度の予測忙活用する  
手法を堤案した。   

第5帝では 各鞘のモデリング丁法を統合的忙使用するための予測支援システムに  

ついて述べた。頻境目テ】魅を同定する際の問題点を指摘し，予測支援システムの役割を  

述べた。喫墳システムのモデリングのために，発見的なファジィキデリ／グを提案し，  

そのアルゴリズム及びシミュレーショ／手法について述べた。東京湾開発忙よる環境  
彩管チ洲を取り上げ，支援システムの有効性を検討した。  
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第2も号 陸水頓の青菜葦化に関する総合研究（Ⅹトー藻窺培葦試験法によるAGPの測定－一昭和  
53，54年皮．（1981）   

第27号 陸水域の富栄養化に関する総合研究（刀）－一研究総括－一昭和53．54年皮．（1981）   
第Z8号 複合大気汚染の植物影響に関する研究－一昭和5l，55年皮特別研究報告．（1g81）  

華第29号 Studies on chironol］id midges of thc Tama戌iver，（1981）  
Part3．Specie＄Of the subf且hily Orthocladiinae recorded at the summer surYey  

arLd their distributionirlrelation to the pollution Yith seYage VaterS．  

Part 4．ChirorLOnidae recorded at a Yinter survey．  
（多摩川に発生するユスリカ頼の研究  
－一策3報 夏期の調査で見出されたエリユスリカ亜科Orthocladiinae各種の旨己我と，  

その分布の下水汚染度との関係について  
－一策4報 南浅川の冬期の調査で見出された各種の分布と吉己載）  

※弟30号 帝劇こおける富栄養化と赤潮の発生機構に関する基礎的研究上一昭和利．占占年度特別  
研究報告．（1g82）  

ポ第31号 大気汚染物質の単一および複合汚染の生体に対する影響に関する実験的研究一一昭細55  
年皮特別研究報告．（1981）   

第82号 スモッグチャンパーによる炭化水兵一望剰酎ヒ物系光化学反応の研究－一環境大気中に  
おける光化学二次汚染物質生成機構の研究くフィールド研究1）－一昭和54年度特別  
研究中問報告．（198Z）  

※第33号 臨海地域の気象特性と大気拡散現象の研究一一大気運動と大気拡散過程のシミュレーシ  
ョニ／－一昭和55年皮特別研究報告．（1g82）  

異第34号 環境汚染の遠隔計測・評価手法の開発に関する研究－一昭和55年度特別研究報告．（1982）   
第35号 環境面よりみた地域交通体系の評価に関する総合解析研究．（1g82）  

蚕第36号 環境試料による汚染の長期モニタリング手法に関する研究一一昭和55，56年皮特別研  
究報告．（1982）  

※第37号 環境施策のシステム分析支援技術の開発に関する研究．（1g8Z）   
第38号 Preparation．analysis and certiflcation of POⅣD SEDIMENT ceTtified ref¢renCe  

naterial．（1982）  
（環境操準試料「地底賀」の調整，分析及び保証値）  

華第39号 環境汚染の遠隔計測・評価手法の開発に関する研究－一昭和56年庶特別研究報告（1982）  
※第40号 大気汚染物質の単一及び複合汚染の生体に対す阜影響に関する実験的研究一一昭和56年  

度特別研究報告．（1988）  
弊第41号 土壌環境の計測と評価に関する統計学的研究．（198さ）  
獣男4Z号 底泥の物性及び流送特性に関する美顔的研究．（1g83）  
※第43号 Studies on chirorLOTbid qidges of the Tana River．（1983）  

Part 5．An observation orL the distributlor［Of ChironoTnirLae along the main  
streaminJune▼ith deseriptioれOf15爪印苓peCies．  

Part6，DescriptIon of叩eCies of the subfamily Orthocladiinae recovered from  
the山ain＄treat】in theJune survey．  

Part 7．Additionalspecles coll（さCtedin vinter froln the Hain strealn．  
（多摩川に発生するユスリカ顆の研究  
－－第5報 本流に発生するユスリカ類の分布に関する6月の珂査成績とユスリカ重科  

に属する15新種等の記録  
一一第6報 多摩本流より6月に採集されたエリユスリカ亜科の各種について  
一一策7報 多摩本流より3月に採集されたユスリカ科の各掛こついて）   

第山号 スモッグチャンバーによる炭イヒ水素一要素酸化物系光化学反応の研究－一環境大気中に  
おける光化学二次汚染物質生成機構の研究（フィールド研究2〉 －一昭和54年皮特別  
研究中聞報告．（1983）  

※第45号 有機廃棄物，合成有機化合物∴重金属等の土壌生態系に及ぼす影響と浄化に関する研究  
一一昭和5ぎ～占5年皮特別研究総合儲告．（1983〉  

寮第46号 有機廃棄軌合成有機化合物，重金属等の土壌生態系に及ぼす影響と馴ヒに関する研究  
一一昭和54．55年皮特別研究報告第1分冊．（1g83）  

※第47号 有機廃棄物．合成有機化含物，重金属等の土壌生態系に及ぼす影響と削ヒに関する研究  
一一昭和5d，占5年皮特別研究報告第2分冊．り9∽）  

粟第48号 水質観測点の適正配置に関するシステム解析・（1983）   
第49号 環境汚染の遠隔計酢評価手法の開発に関する研究－一昭和57年皮特別研究報告・（1984）  

※第50号 陸水域の書架毒化防止に関する総合研究（＝－一霞ヶ浦の流人負荷雲の算定と評価－一  
昭和55～57年度特別研究報告，（1g84）  
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登第51号 陸水域の富栄養化防止に関する総合研究川ト一層ヶ涌の物質循環とそれを支配する因  
子－一昭和55～57年皮特別研究報告．（1984）  

※第52号 陸水域の富栄養化防止に関する総合研究（Ⅲ）－一環ヶ浦高浜入における隔離水界を利用  
した富栄養化防止手法の研究－一昭和55－57年皮特別研究報告．（1g84）   

第53号 陸水域の富栄養化防止に関する総合研究（Ⅳ）－一霞ヶ浦の魚類及び甲かく類現存立の季  
節変化と富栄養化－一昭和55－5丁年度特別研究報告．（1g84）  

※第54号 陸水域の富栄養化防止に関する総合研究（Ⅴ）－一環ヶ補の富栄養化現象のモデル化－－  
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関する総合研究（Ⅶ）一一湯ノ湖における富栄養化とその防止対  
特別研究報告．（1g84）  

※第57号 陸7K域の富栄養化  関する総合研究（Ⅷ）－組括報告一一昭和55～57年度特別研  
究報告．（1984）  

※第58号 環境試料による汚染の長期的モニタリング手法に関する研究一一昭和55－57年虔特別  
研究総合報告．（1984）   

第59号 炭化水素一審素酸化物一硫黄酸化物系光化学反応の研究－一光化学スモッグチャンパー  
によるオゾン生成機構の研究－一大気中における有機化含物の光酸化反応機構の研究  
－一昭和55～57年皮特別研究報告く第1分冊）．く1981）   

第80号 炭化水素一窒素酸化軌一統黄酸化物系光化学反応の研究一光化学エアロゾル生成機構の  
研究－→昭和55－57年皮特別研究報告（欝2分冊）．（1984）   

第61号 炭化水素一窒素酸イヒ物一硫黄酸化物系光化学反応の研究－環墳大気中における光化学二     次汚染物質生成機構の研究くフィールド研究1）－一昭和55～57年度特別研究報告（第  

3分冊）．（198り  
※第62号 有害汚染物質による7k界生態系のかく乱と回復過程に関する研究一一昭和56－58年定  

時別研究中間報告．（1g84）  
※第63号 海域における富栄養化と赤潮の発生機様に関する基礎的研究㌦一昭和56年皮特別研究  

報告．（1984）  
敲第64号 複合大気汚染の植物影響に関する研究－一昭和54－56年庶特別研究総合報告．（1984）  
※第65号 Studies on effects of air pollutant nlxtures on plants一－Partl・（1984）  

（複合大気汚染の植物に及ぼす影響－一第1分冊）  
※剰6号 Studies on effect＄Of air po11utantⅦixture50n plants一－Part2．（1g84）  

（複合大気汚染の植物に及ぼす影響一一節2分冊）  
※第67号 環境中の有事物質による人の慢性影響に関する基礎的研究一一昭和封－58年皮特別研  

究総合報告．（1g81）  
※第68号 汚泥の土壌還元とその環境影響に関する研究一一昭和56～57年皮特別研究報告．（1g84）  
失策椚月 中禅寺朝の富栄養化現象に関する基礎的研究、（1g餌）  
※第7帽 Studiesonehir？nO口idpidge6lnlakesof theⅣikkoNationalPark・（1984）  

PartI．EcologlCalstudies on chiro爪0ロidsinlakes of theⅣikko NationalPark▲  
PartI】．Taxonomicaland TAOrphologicalstudies on the chironoTnid species  

collected frolnlakesin the”ikko NationalPark．  
（日光国立公医の湖沼のユスリカに関する研究  
－一策1部日光国立公園の湖のユスリカの生態学的研究  
－一第2部日光国立公園の湖沼に生息するユスリカ頸の分類学的．生態学的研究）  

莱第71号リモートセンシングによる残雪及び雪田植生の分布解析．（1984）   
第7ヱ号 炭イヒ水素一窒素酸化物一硫黄酸化物系光化学反応の研究－一環境大気中における光化学二  

次汚染物質生成機構の研究（フィールド研究2）－一昭和55－57年度特別研究報告（第4  
分冊）．（1g85）  

※第73号 尉ヒ水素一重索酸化物一硫黄酸イヒ物系光化学反応の研究－一昭和55－57年皮特別研究総合  
報告．（1985〉  

薪第74号 都市域及びその周辺の自然環境に係る環卿旨標の開発に関する研究・環境指標－その考え  
方と作成方法一昭和59年皮特別研究報告．（1g84）   

第75号 LiTnnOlo8icaland environznentalstudies of elemeJltSin the sediment of Lake  
Biwa．（1985）  
（琵琶湖底泥中の元素に関する陸水学及び環境化学的研究）   

第76号 A study o爪the behaYior of mo爪Oterp帥Sin the atmosphere・（1g85）  
（大気中モノテルペンの挙動に関する研究）  

顛第77号 環境汚染の遠隔計測・評価手法の開発に関する研究－一昭和5a年度特別研究報告・（1985）   

第T8号 生活環境保全に果たす生活者の役割の解明．（1985）   
第7巧 Studieson th6nethodfor10ng temenVironmentalmonitoring，¶Research report  

inlg80－1g82．（1985）  
（環境試粁＝こよる汚染の長期的モニタリング手法に関する研究）  

渠第80号 海域における赤潮発生のモデル化に関する研究－一昭和5T川年度特別研究報告・（1985）   
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※第115号複合ガス状大気汚染物質の生体影響に関する実験的研究一一昭和57～61年度特別研究総  
合報告．（1g88〉  

※第118号自然浄化機能による水質改善に関する総合研究（Ⅴ）－－汚濁負荷の発生と流出・流速－一  
昭和58－61年度特別研究報告．（1988）  

※第117号自然浄化機能による水質改善に関する組合研究（Ⅵ）－一湖沼の生態系構蓮と自然浄化一一  
－一昭和60～61年虔特別研究報告．（1988）  

寮第118号自然浄化機能による水質改善に関する総合研究（Ⅶ）一一日然浄化機能を活用した水路・土  
壌による浄化と処理技術の開発－一昭和60～61年度特別研究報告．（1988）  

ポ第119号自然浄化機能による水質改善に関する総合研究（Ⅷ〉－一自然浄化システムの評価方法一一  
昭和80－61年皮特別研究報告．（1g88）  

※罪1ZO号自然浄化機能による水質改善に関する総合研究（Ⅸ）昭和58－61年度特別総合研究報告  
（1988）   

第121号 Studies o爪 the chironomid爪idges oflakesin Southre爪Hokkaido．（1988）  
（北海道南部の湖におけるユスリカ相の研究）   

第122号擬似ランダム変調CWライダーの開発とフィールド観測への応用．（1g89）   
第123号バックグラウンド地域における環境汚染物質の長期モニタリング手法の研究用）一一離島  

及び山岳地における大気汚染成分測度とその変動一一昭和58～も2年皮特別研究報告．  
（1g89〉   

第124号環境科学研究用に開発したニホンウズラの遺伝学的及び微生物学的特性．（1g8g）   
第125号Chirono¶idae of Japa爪：Checklist of species recorded．key to ¶ales and  

taxono爪ic notes．（198g）  
（日本及び東7ジア産ユスリカ科のカタログと堆成虫の検索表）   

第126号バックグラウンド地域における環境汚染物質の長期モニタリング手法の研究（mトー一際同  
湖における水試料の代表性と底質中の汚染記録－一昭和58－62年虔特別研究報告．（1g89）   

第127号新潟頻六日町における消雪用揚水に伴う地＃沈下性状．（1ggO）   
第128号DeYelopnent ofanintelligent decision 

and plan爪i爪g．（19gl）  
（環境のモデリングと計画のための知的意思決定支援システムの開発）  

無 残郡なし   



只eport of Speci8】Re5e8∫Cb ProjecIDf tムe〃きtjo刀占】Jれ5titule for E刀yi∫On皿ent且】Stud5es：  

No．11Han activity and aquatic environment－Yith speci且1reference5 tO Lake  
Kasumigaura－Progress reporti爪19丁6．（1gT7）   

Ⅳ0．2‡Studies on evaluatioEt and alnelioration of：air po11utionPby pla爪tSrProgress  
repoTtin1976－1977．（19柑）  

Research RepoTt from the Nationaltnstitute ror EnvironⅦentalStudie6●：  

ポNo．3 A coTnParative study of adults andimnature stages of nineJap且neSe SpeCies of  
the genu5Chironomus（Diptera．Chiromomidae）．（19丁8）   

No．41ST）08Chamber studies orL Photochenicalreactions of hydrocarbon－nitrogen OXides  
system－Progress reportin197T．（1978）   

7Jo， 5‡Studies on the photooxidation products of tbe alkylbenzene－nitrogen oxides  
systeれ and o爪 亡hejr efreetざOn eUJtured eel】ざ一紀ese8reわreportin197い1977・  
（19T8）   

No． 61NarL aCtivity and aquatic erLVironTherLt－Yith specialreferences to Lake  
lasumigaura－Progress reportin1977－．1g78▲（1g門）  

※No．7 A norphologiea18tUdy of8dult5andi爪mature StageS Of 20Japanese specie60f  
the faⅦily Chironomidae（Diptera）．（197g）  

※Ⅷ0． 8書 Studies on the biologicaleffects of single and combined exposure of air  
pollutants－Research reportinlgTト1g78．（19T9）   

No． 91SIqOg Chalnber studies on T）hotochemicalreactiorLS Of hydrocarborL－nitrogen oxides  
systen－Progress reportin1978．（1gTg）   

No．101SttJdies on evaluation and aTRelioration of air pollution by plants－Progress  
reportinlg7ト1g78．（197g〉  

※No．11Studies on the effects of air pollutants on plants and tbeChanisms of  
phytotoxiclty．（1g80）   

Ⅳ8．12 Multiele¶ent a爪a】yさis ざとUdieざby fla爪e andinduetiyelγeOUp】ed p＝ほ椚  
spectroscopy utillzing comouter－eOntrO11ediれStrumentation．（1g80）  

※No．13 Studies on（沌ironomid¶idges of the Tama Ri代【．（1980）  
Partl．The distribution of chironol再d speciesin a tributaryin relation to  
the de即ee Of pollution▼ith sewage tater．  
Part 2．Description of 20 species of Chirono†binae recoYered froれa tributary．  

顛No．141Studie80n the effects of organic▼aSteS On the soileco5yStem－Progress  
reportln1978－1gTg．（1980）  

※No．151Studies on the biologicaleffects of＄i几gle and coTDbined exposure of air  
po】】uta”t5一斉e5ea再re？Ort jnlgTg・（ユg80）   

No．161Remote measurement of alr pOllution by a nobilelaser radar．（1980）  
※No．171lnfluence olbuc．yanclOn fluidれOtions and transport processes－Meteorological  

cbaracteristies and atmospheric diffusion phenomenain the coastalregion‾  
Progress reporti爪1978－1g7g．（1g80）  

顛仙．18 Preparalion，analysis and certirication or PEPP錯8けS打sta爪dard rererence mate－  
rial．（1980）  

華No，191Co叩rehensive studies on the eLJtrC）phication of fresh－Yater areaS－Lake current  
Of【asumura（Nishiura卜1978‾1gT9■（1981）  

※No．20＊ CornprehensIYe Studies on the eutrophication of fresh－Yater areaS－GcoTnOrDho－  
logiealand hydrometeorologie且1eharacteristics of Xasumigaura watershed as  
related to thelake environment－1g78－1g7g．（1g81）  

華No，211Co叩reherLSiYe Studies on the eutrophication of fresh－Yater areaS－Variation  
of pollutantload byinrluent rivers to Lakelasumigaura－1978－1gT9．（1g81）   

〃0．221Co爪Preわeれぶjye5tUdjeざ0乃 the e山rophic8tjo乃Or freざわーWater8rea5－Stru亡tUre Or  
eeo＄yStem and standing cropsin Lake Kasunigaura－1978－1g79．（1g81）   

No．23＊ Cornprehensive studies on the eutroDbication of fresh－Yater areaS－Applica－  
bility of trophic stateindices forlakes－1g78－1979．（1981）   

No．241CoTmPrehensive studies ort the eutrophication of fresトYater areas－QIJantitative  
analysis of eutrophicatiorL effects on main utiIizatiorlOflake Yater reSOurCeS  
－1g78－1g79．（1g81）   

No．25‡Conprehertsive studies on the eutrophication of fresh‾Yater areas－GroYth  
characleristics of BIue－Gree爪Algae．Mycroeystis－1gT8－197g．（19る1）  

ーStarting Yith Report No．3．the serie5title▼aS Changed・  
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No．26ICoIDpreheT［Sive studies on the eutrophication of fresh－Yater areaS－  
DeterTAination of argalgroYth potentialby algalassay procedureLlg78－1979．  
（1981）   

Ⅳ0．271CoEbprehen＄ive studies on the eutrophication of fresh－Vater areaSLSuT馴れary Of  
Te8earChes－1978－1gT9．（1981）   

机〕．28●StudieざOrlerfectざOr ajr po】】utadtl狩jズIures oれ P】ants－Progre55 rePOrt j爪  
197g－1g80．（1981）  

欒No．Z9 Studie60n Chironomid t〕idie50f the Ta¶a River．（1g81）  
Part 3、Species of the subfamily Orthocladiinae recorded at the sumlner SurVey  
and their distributio几in relation to the pollution with se▼a8e WaterS．  
PaTt 4．ChiTOt10nidae recorded at a ▼tnter SurYey、  

※No，301Eutrophlcation and red tidesin the coastalmarirLe enVironment ～ Progres  
reportinlg79r19銅．（1982）  

※No．】115tudies on the biologicaleffects of si爪gle and co爪bined exposure of air  
pollutants－Research reportinlg8D．（1981）   

¶0．3ユーSlnO邑抽a¶beT Studies oTlphotoこhemieal†eaCtioTIS Of hydrocarbon－nitrogen  
OXides syst印一Progress reportinlgTg－Re8eareh on the photochelnical  
SeCOndary po11utant＄ formatiorL neChanismin the envirorL爪entalatmosphere  
（Partl）．（198Z〉  

※No．331Meteorologicalcharacteristics and atmospheric diffusion pheTtOThenain the  
coa6talregion－Simulation of atmospllericlnOtions and diffu5ion pTOCeSSeS －  
Progres＄repOrtin1980．（1g82）  

瀬Ⅷ0．341The deYelopnent and eYaluatiorL Of remote TneaSurenent methods for eT）Vironmental  
pollution－Researeh reportin1980．（1982）   

No．351Co爪preherLSiYe eYaluatiort of environtコerLtalithT）aCt等Of road and traffic．（1982）  
兼Ⅷ0．‡61Studies on the爪ethod forlong ter†lenYironmentallhOnitoring－Progress report  

inlg80－1981．（1982）  
※No．371Study on supporting technology for systeTIS analysis of enYiron爪entalpolicy  

－The Evaluation Labolatory of HanLEnvironment Systems・（1叩2）   
¶0．38 PrepaTation．anaLysis and certification of POND SED川ENT certified referenc  

爪aterial．（1982）  
※No．391The development and evaluation of remote measureTneTlt nethods for environnental  

po】1utjo爪－Re∫ea∫eわ∫9pOrtin1981・（1983）  
※No．401Studies on the biologlCalerrects of single and combined exposure or air  

po11utants－ReseaTCb TepOTtinl粥1．（1g8ち）  
※No，411Statisticalstudies on Tnethods of TneaSurement and evaluation of chernical  

corLdition of soilLYith specialreference to heav■y TAetals－．（1983）  
Calproperties of¶Ud and the characteristics  緊No．42IExperi爪etalst】dies on  

Of nud transportation．  
ギ恥．43 Studies o爪Chiro爪0爪id爪idge£Of とhe Tam左記iYer．（1988〉  

Part 5．An observation on the distribution of Chironolninae along the nain  
streaminJune．Yith description of15 ne▼ ＄peCies．  
Part 6．Description of species of the subfaTnily Orthcladiinae recovered from  
the 川ain streamin theJune survey．  
Part 7．Additionalspecie5 eOllectedi爪甘inter 行om thelnain stream．   

No．441Smog cha爪ber studies on photocheTnicalreactiorLS Of hydrocarborL－nitrogen oxides  
syste和一Progress reportin1979－Resear亡h on the photoehemicalseeondary  
pollutants formation me仁山nis¶ 

． 

specialresearch project－1978－1980．（1983）  
苅No．46‡Studie＄On the effect of organic YaSteS On the soilecosysteTnYResearch report  

inlgTg－1980．Partl．（1g83）  
瀬No，471Studies on the effect of organic YaSteS On the soilecosysteln－Research report  

in19「9－1980．Part 2．（1的3）  
薬No．48睾Study on opti巾alallocation of Yater quality monitoring points．（1g83）   

Ⅳo．491The developTAertt arLd evaluation of remote TneaSurelnerLtlnethod for envirorLlnental  
pollution－Research reportin1982．（1984）  

※No．501CoTnprehensive studie＄On the eutrophicatiorL COntrolof freshYaterS－EstiTnation  
ofinputloading of LakeⅨasu爪igaura－1g80－1982．（1984）  

弊机）．古1ICoⅧpre血e爪ざiyeざtUdies oれ tわe euけOpわicatjon eoれtrO】of fres加ater5‾Tムe fu几e－  
tion of the ecosystem and signilicance of sedinentiT）nutrient cyclein Lake  
Kasumigaur‾1掴0■1982・（19相  

戦No．521ConpTehensIVeミtudle＄On the eutrophication亡OntrO10f fresh▼aterS‾Enelosure  
experl爪entS for re＄tOration of bighly eutrophic shallo曹Lake XasumigauTa‾1980－  

‾Xl11‾‾   



1982．（1g84）   
No．531CompreherLSive studies orL the eutrophication controIof freshYaterS－Seasonal  

changes of the biomass of fishes and crustaciain Lake【asumigaura－1980‾1982・  
（1984）  

難No．541Co叩rehensive studies on the eutrophieation eontrololfreもhⅦater6－Modeling  
the eutrophication of Lake ga5u匂igaura－1射Hト198Z．（198り   

No．55．Cot）prehensiYe Studies on the eutrophicatiorL COntrOIof freshYaterS‾Measures  
for eutrophieation control－1980－1982．（1981）   

No．561Co巾pTehensive studies on the eutrophication controlof fresh甘aterS‾Eutrophie‾  
ationin Lake Yunoko－1980－1g82．（1g84）  

※Ⅷo．57t Conprehensive studies on the eutrophication contro10f freshYater＄LSuromary  
of researches－1980－1g82．（1g84）  

）e（No．581Studies on the Tnethod for10ng tem enVironnental monitoring r Outlines of  
Spe仁ialresearchproj？Ctin198い1g82・（1984）   

Ⅳ0．591Studies on photochemlCal reaetioms of hydroearbon－nitrogen oxides－Sulrur  
oxides systeTn － PhotocheTnicAlozone forl）atiorL Studied by the evacuable sIWg  
chaTbber－AtTnOSpheric photooxidation nechartisns of selected orgaJlic compounds  
－Research reportin1980－1982．Partl．（1984）   

No．601Studies on photocheThical reactionsL of hydrocarbon－nitrogen oxides－Sulfur  
oxides sy＄ten－Fornation mechani写mS Of photochemicalaerozol－Research report  
inlg80－1982．Part 2．（1984）   

Ⅳ0．611Studies on photoche爪ical reaetions of hydrocaTbon－nitrogen oxides▲Sulfur  
oxides syste爪－ Research on the photochelnicalsecondary po11utarLtS fomation  
mechanisnin the erLYirondentalatmosphere（Partl）－fZesearch reportin1980－  
1982，Part 3．（1984）  

※No．621Effects of toxicsubstances on aquatic ecosystens －Progress reportin L980‾  
1983．（1984）  

穎Ⅷ0．631Eutrophication and red tidesin the coastalmarine environTnent ‾Progress  
reportin1981．（1g84）  

※No．6＝Studies on effects of air po11utant mixtures on plants▼Finalreportin197g－  
1g81．（1g84）  

製No・65 Studie＄OneffectsofaTpOllutantnixture＄Onplants▲Partl・（1g84）  
茨Ⅳ0．β6 S一日dies on erfect50f∂1r p01】uとant mixIure50れPlants－P8∫t 2．（198」）  
※No．671Studies on unfavourable effects on hulqan body regarding to severaltoxic  

爪aterialsirL the environlnent．uSing epidemio10gicaland analyticaltechniques‾  
Project research re？Ortinl㌢＝ト1g81・（1984）  

楽日o．681Studies on the enYlrOnnentaleffects of the application of seYage Sludge to  
soil－Researeh reportinlg8ト1gる3．（1981）  

※No．89 Funda†nenta15tudies on the eutrophication of Lake■chuzenji－ Basic researeh  
report．（1984）  

※No．70 Studies on chironolnid midgesinlakes of the Nlkko Natio爪alPark  
Partl．Ecologicalstudies orL Chironol）idsirLlakes of the Nikko NationalPark・  
Part Ⅲ．Taxonomiealand廿10rphologi亡alstudies on the chirono¶id species  
eolle¢ted fromlakesin the，Nikko NationalPark．（1984）  

競No．TllAnalysIs on distributions of remnaれt SnO▼paCk and snoT patCh vegetation by  
reqote sensing．（1g8り   

恥．721Studle＄ On photochemical reactions of hydrocarbon－nitrogen oxides－S山fuT  
oxides syst印－ReseaTCh on the photoch印icalseco爪dary pollutants formation  
mechanismin the environne爪talat¶OSphere － ReseaTCh report in1980－1g82．  
Part 4．（1985）  

※No．731Studies on photoch印icalreactions of hydTOCarbon－nitrogen oxides－Sulfur  
oxides syste爪－FlrLalreport．ln1980－1982，（1985）  

※No．74IA coTnPrehensive study on the developnent ofindices systeTm for urban and  
suburban environldentalquality－Environmentalin二dices－Basic notion and forma－  
tion．（1984）   

No．75 Limnologicaland environmentalstudies of elernerLtSin the sediment of Lake  
BiⅦa．（1985）   

N。．76 A study on the behaYior of¶OnOterpen5in the atmosphere・（1985）  
＃Ⅷ0．77書The deYelop巾ent and evaluation of reTnOte meaSUrement methods for environnental  

pol】机‖on一」e‡eareh reportin1983．（1g85）   
No．冊Studyon residents－roleinconserving theliving environTent▲（1985）   
No．7g Studies on the Tnethod forlong terTn enVironTnentalTnOnitorlTLg」Research report  

in1988－1g82．（1985）   



※No．8OIModeling of red tide bloo爪Sin the coastalseaLResearch reportin1982－1983．  
（1g85）  

※No．811A studies o爪 erfect＄Ofimpl帥enting environmentalimpact assesslne爪t prOCedure  
－With partieular TefeTenCe tOimplementatio爪bylocalgovern¶entS．（1985）  

無No．821Studies on the role of vegetatioれaS a Sink of 且ir pollutants－Research report  
in1982－1983．（1g85〉   

No．83 Studies on chironomid爪idges of sonelakesinJapan．（1985）  
渠No．841A colnPrehensive study on the deYelopment of assessmenttechniques for health  

effects due to enviroTt¶entalheavy metalexposure－Finalreportin1982－1984．  
（1985）   

No．85 Studies on the rate constarLtS Of free radicalreactions and related spectro－  
scopie aTtd therTnOChemicalparameters．（1985）   

No．86＊A T）OVelretrievalsystem foridentifications of unknoYn†maSS SpeCtra．（1986）   
No．87‡Analysis of the photocheTRicalsecondary pollutants and their toxicity on  

caltured cells－Research reportinlg78－1983．（1986）  
寮No．8B事A comprellenSive study on tlle deve10Pment Ofindices syste¶S for url）an a爪d  

SUburban eTtVironmeJltalqualityIl－EnvirorLmerLtalindices－Applications and  
SyStem・（1g86〉   

No．8g MeasurlJlg the Yater quality of Lake Kasumigaura by LANDSAT remote sensing．  
（1g86）  

※No．9D．Nationaltrust move爪entinJapanese natureCOnSerVation － TrustYOrthy or  
illusion？（1986）   

No．91Econo巾ic analysis of man■s utilization of environmentalresourcesin aquatic  
environments and nationalpark regions．（1g＆6）   

No，921Studies on the groYth and decomposition of Yater－bioo爪Of Nicrocyctis．（1986）  
※No．931Studies on the erLVironrnentalcffects of the application of sevaEe Sludge to  

soil（Ⅰ）【Research report and papers（Partl）in1983－1984．（1988）  
※No．94＋ Studies on the erLVironmentaleffects of the application of seYage Sludge to  

soil（Ⅱ）¶Research report arLd papers（Part 2）in1983－1g84．（1g86）  
※No．951CoTbprehensive studies orL effective use of naturalecosystems for Yater，quality  

ana脚ent（1卜Drainage and flo－ingdo¶nOfpo11utantload‾Research report  
lnlg83－1g84．（1986）  

※No，96＊ Co℡lprehensive studies on effective use of naturaleco＄yStemS for vater quality  
manag印ent（Ⅱ）－Structure and fuれCtion of the ecosysteⅦ50f lit10ralzone －  
Research rpOrtin198き‾1g8l・（198¢）  

楽No．971Co爪preherLSIVe Studies on effective use of naturalecosystems for vater quality  
management（ⅢトSelfLpurificationin strean and soi卜Research reportin1983－  
1984．（1986）  

※No，981Comprehensive studies on effectiYe uSe Of naturalecosystems for Yater quality  
mnagement（ⅣトDevelopnentandapplicationofYaSteVater treatment teChnolo－  
gleS Utilizing 

． 

（1986）  

炎No．100‡Studies orL the nethods forlongrter甘ImOnitoring of environTnentalpollutantsi爪  
the background reglOnS－DeYelopmerLt Of highly sensitive and selective analytL  
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