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Abstract

IhavedevelopedtheknowledgesystemRARCOM（塑skAssessmentand

旦iskGa辿municationsupportsystem），Whichaimstosupportriskassess－

mentandriskcommunicationaboutanenvironmentalrisk，CarCinogenicity

Ofdrinkingwaterinurbanwaternetworks．Thesystemholdsasetofknowl－

edgebasesinvoIvingthemultidisciplinaryobjectmodelthatrepresentssuch

a varietyofphenomena as environmentalsources ofrisks，prOCeSS Ofrisk

PrOPagation，andexposurebytheriskfactorsinvoIvedintheurbanwater

network．

Todealwithinterdisciplinarynatureoftheenvironmentalrisk，thecom－

POSiteo毎ectmodel，amOdelingframeworktoconstructobjectmodelsonthe

basisofmultipledomainknowledge，isdeveloped・Thismodelingframework

utilizesnotonlymultipledomainknowledge，butalsobridgingorinterpreting

knowledgeovergapsamongdomains．Thecompositeobjectmodelgivesthe

fbundationtoconstructtheknowledgebasesintheRARCOMonmultipled0－

mainknowledge；SuChashydrology，WaterWOrksenglneerlng，administration，

etc・Theknowledgebasesaredescribedbyobject－Orientedprogrammlngand

logicprogramng・Byuslngthecompositeobjectmodel，theRARCOMcan

executeknowledge－basedsimulationtosupportriskassessment，alsoenable

users to examine easilymeta－information related to modeling procedures，

whichhasbeenembeddedinmodels．

ThisthesisisbasedontwopaperspublishedonJOurnalsthathavereftree

SyStemS・Chapter2and3aremainlybasedonlMaeda92］，Simultaneously，

Chapter4and5arebasedon［Maeda93］．
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Chapterl

iIntroduction

1．1　EnvironmentalRisk Problems

Theenvironmentalriskisdefinedasakindofenvironmentalproblemthat

hasthefo1lowlngunCertaincharacteristics‥difBcultyofidentificationandlow

reliabilityofmeasurementofcontaminants，nOClearexistenceofdetermin－

isticcausalrelationships，andlowquantitativepredictabilityofestimated

riskslWhyte80，Ikeda89］．’Theenvironmentalriskproblems，forexample；

OZOnelayerdestructionっpollutionbyradioactivewastes，andhealtheffectsby

hazardouschemicalsubstances，aretyPicalonesthatoccurinwiderspatial

areasandinlongerperiodsbyasmalleramountofcontaminantsthancon－

Ventionalenvironmentalproblems（e．g．，airpollutionbysulfoⅩideorsmokes），

Whichhavedirectsourcesandaretransmittedtoparticularareasinshort

Periodsbyalargeamountofcontaminants．

Todealwiththeseenvironmentalriskproblems，VariousmethodologleSOf

riskanalysishavebeendevelopedforthepastdecades・ThetypICalonesare

riskassessmentandriskcommunication・Riskassessmentisaprocedureto

identifysourceandpathwayofriskpropagation，andtoestimatetheexposed
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doseofcontaminantsanditshealtheffects．Riskcommunicationis atype

Oftwo－WayCOmmunicationbetweenexperts，Citizens，andmunicipaladmin－

istratorsaboutriskinformation，SuChas；natllre，magnitudeandurgencyof

handlingrisks．

Tworeasons，however，ObstruCtriskassessmentandriskcommunication

PrOCedures・First】riskpropagationprocessesareverycomplexandinvolve

manydi鮎rentmechanismsandmedia，therefore，riskassessmentprocedures

becomeburdensomefortheassessorsbecausethevmustdealwithavariety

Ofcategoriesandalargenumberofdatawithdifferentlevelsofuncertain－

ties asmentionedbefore．Second，enVironmentalriskphenomenahavean

interdisciplinarynature，namely，theyareassociatedwithpeoplebasedon

manydi鮎rentstandpointsandavarietyofdisciplinaryknowledge，thatis，

domainknowledge・Tounderstandsourcegeneration？PrOPagation？andex－

POSureOfrisks，aWidesetofdomainknowledgeisrequired・However，eaCh

domainknowledgeinvolvesdistinctterminologleS．formalisms，andtheories；

COnSequenCeOfriskassessmentishencedi伍cult tounderstandforcitizens

OrmunlCIPaladministrators．Evenbetweenexpertsineachdomaln，SOme

terminologleSSOmetimesmaycauseatrouble，becauseofthedi茸erentinter－

Pretationsthateachexperthas．

AccordinglylWeneedasystemofsupportingenvironmentalriskassess一

ment and risk communication that can dealwith suchavarietyofand a

numberofdataandcontributetosolvesuchinterdisciplinarylSSueSOfen－

vironmental risk assessment and risk communication．Tb construCt SuCh

SyStem，knowledgeenglneerlng，anaPPlicationtechnologyofartificialinte1－

1igenceっisexpectedtobeeHective・ThisisafieldinvoIvingresearchestolet

COmPuterSperformreasonlngSlmilartohumanknowledgeprocesslngandun－

derstandstructureorrepresentationofknowledge・Expertsystemsthatare
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intendedtoperformreasonlngthatissimilartoreasonlngdonebydomain

expertsareremarkableresultsofknowledgeenglneerlng・

ThesystemofRARCOM，Whichstandsfor RiskAssessment andRisk

COMmunicationsupport system，is constructedbyuslngknowledgeengl－

neeringteclm0logylMaeda92，Maeda93】．Thesystem’Saimsaretohelpdeci－

Sionmakersandthepublicinvolvedintheriskproblems；

1・tOaSSeSSrisksbyprocesslngrelatedknowledge，and

2．to communicatetheriskinformationbetweenrelated peoplebydis－

Playingtheinfbrmation．

Fbrtheseaims，theRARCOMmainlyusestheknowledge－basedsystemof

riskproblems．Theknowledgebaseconsistsoftheobjectmodelrepresent－

1ngenvironmentalprocessesofriskgeneration，PrOPagation，andexposureof

thehazardouschemicals，andtherulebaseofknowledgetoevaluatelmman

impact byexposureofthechemicals・Knowledge－basedsimulationbased

OnaCOnStraintsoIvingalgorithmisimplementedinthesystemtoestimate

therisk generation，PrOPagation，and exposureprocesses・The CommOn

ESP（ExtendedSelLcontainedProlog），Whichisacomputerlanguagebased

Onlogicprogramm1ngandobject－Orientedprogra・mmlng，1SemPloyedtoim－

PlementtheRARCOMinthecomputersystem．

Watercontaminationbyhazardouschemicals，eSpeCiallytrihalomethanes

（THMs），Whicharecarcinogensgeneratedinthedisinfbctionprocessofdrink－

lngWater，aTetakenas awaterriskproblemin alarge－SCalemetropolitan

area・TokyometropolitanareaisatypICalonethathasaninterdisciplinary

natureofcarcinogenicriskgenerationsandpropagationaswellasthestruc一

七uralcomplexityofthewaternetwork．TheRARCOMdealswiththeTHM

PrOblemsinTbkyometropolitanarea．

3



Todealwiththeinterdisciplinarynatureoftheenvironmentalriskprob－

lem，thecompositeo毎ectmodeもamodelingframeworktoconstructobject

modelsonknowledgebaseofmultipledomainknowledge，isdeveloped・Fbr

example，mOdelingoftheTHMproblemrequlreSaVarietyofdomainknowl－

edge；amOddofriversisdescribedbyuslngtermSinhydrologyandwater

environmentenglneerlng，Whileamodeloffi1trationplantsisdonebyuslng

terms ofwaterworksenglneerlng．Inthetwomodels，behavioroftheseis

describedbydifferentterminologiesrespectively．Forinstance，Waterquality

indicesusedin thesemodels aredi鮎rentwitheachother．Thecomposite

ObjectmodelenablesmodelerstoconstruCtmOdelsbyintegratingknowledge

Ofthosemultipledomains andbybridgingover differentterminologiesin

variollS domains．

TheRARCOMisintendedtobeusedprlmarilybydecisionmakersand

domainexpertsassociatedwiththeproblem．However，domainknowledge

basesinvolvedinthesystem，Whicharebasedonthecompositeobjectmodel，

aredesignedashighlyportableandreusablemultipurposeknowledgebases・

Ⅰnotherwords，domainknOwledgebasesinthecompositeobjectmodelcanbe

reusedforothersystemstodealwithotherproblemsrelatedtothedomains・

ThecompositeobjectmodelwillbeabletobeafoundationoforganlZlng

andintegratingknowledgerelatedtovariousenvironmentalproblems・

Inthepastdecade，anurhberofresearcheshavebeenmadeonthecon－

StruCtionofsuchsystemsastheRARCOM．Inthefieldofenvironmentalsci－

ence，FedraandWinkelbauerlFbdra91］，andFikselandCovello［Fikse87］，COn－

StruCtedknOwledgesystemstosupportenvironmentalimpactassessmentor

decisionmakingfbrenvironmentalpolicies．Further，Eco－Logicproject［Robert91］

in the EdinburghUniversitydeveloped severalknOwledgesystemsfor the

modelingofecologiCalsystems．However，theformertwodidnothaveexplicit
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modelofenvironmentalsystemsintheirknowledgebases，atthesametime，

thelatter couldnot copewiththeinterdisciplinarynatureoftheenviron－

ment，becausethesesystemsspecializedtodescribezoo－eCOlogiCalsystems・

Theydidnotyetdiscusstheimportanceofknowledge－basedmodelinvolving

environmentalmultipledomainknowledgetounderstandphenomenainthe

environment．

Inthefieldofknowledgeengineering，ZeiglerlZeig184］，andKiriyama，

Tomiyama，andYoshikawalKiriy91］，PrOPOSedmodelingmethodsinwhicha

modelcanbeqonstruCtedonthebasisofmanydi鮎rentstandpoints・The

PrOjectCYClLenat901，theprojectEDRlYokoi90】，andMikietal・【Miki93］

devotetodevelopknowledge－basedsystemsthatinvolveknowledgeofvery

largesizeandvariousdomainstosolvecomplexproblems．However，thefirst

fburdidnotdealwithissuesrelatedtoterminologyofmultipledomainknowl－

edge・AlthoughMikietal．proposedaframeworktoconstruCtknowledge

SyStemSbasedonmultipledomainknowledgeandtodealwiththetermino1－

0gyOfmultipledomains，theirframeworkhasnotyetbeenimplementedas

aworkingsystem．Incontrasttothem，thispaperproposesthecomposite

Objectmodel，WhichisimplementedintheRARCOM，aSanOtherframework

thatcancopewithsuchissues．
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1．2　Terminology

This section defines terminologyusedinthis paper，Whichisparticularly

relatedtomodelsandconstructingmodels・

Definition

ObjectInthispaper，theterm’object’isusedintwoways．First，Itisused

torepresentanentityintheworldthatisthetargettobemodeled．

Second，Itis doneas aprogrammodulein o毎ect－Orientedprogram－

ming（SeeSection3．3）．Intheremainderofthepaper，thetermusedin

thelatersenseisdenotedaso毎ect．

modelFormalTePreSentationofmechanismandbehaviorofobjectstobe

investigated．Ⅰnthispapermodelsof’cities’，’basins∵environment’，

etc・，areargued．

modelingschemaWaytodividetheobjecttosubmodelsorcomponents

andtoarticulatesubmodelsorcomponentsofthemodel．Forexample

thegrid systemis aschematomodelland．On theother handthe

SChemabasedonmunlCIPaladministrationmaymodellandasasystem

Ofpolygons representing cities，tOwnS，and waxds，Whichis another

modelingschemaforland．

modelingframework MethodologytoconstruCtthemodel・Itincludesa

modelingschema，rePreSentationofstructureofthemodel，andmethod

todescribebehaviorofthemodel．

Theremainderofthispaperisstructuredasfollows．Chapter2discusses

requirementstosupportriskassessmentandriskcommunication．Fbllowlng
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it，featuresoftheknowledgesystemsupportingriskassessmentaredescribed

inChapter3．Chapter4，thecoreofthispaper，describesthecompositeob－

jectmodelandhowitisusedtoconstructtheobjectmodeloftheurbanwa－

ternetwork・Finally，Chapter5showsimplementationofsystemRARCOM．

Featuresforsupportingriskcommunicationareexplainedinthechapter．
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Chapter2

’Risk Assessment and Risk

Communicationfor

Trihalomethane Problems

ThischaptershowscharacteristicsoftheTHMproblem，andspecifiessys－

tem，srequlrementStOSuPPOrtriskassessmentandriskcommunication・Nec－

essaryfeaturesfortheknowledgesystemtosupportriskassessmentandrisk

COmmunicationintheTHMproblemarederivedfromthesearguments．

2．l Characteristics ofTrihalomethane

Problems

THMsarehalogensubstituted，Slngle－Carboncompoundshavlngthegeneral

formula CHX3，WhereXmaybe飢10rine，Chlorine，bromineoriodine，Or

theircombination・Chloroform（CHC13）isthemostcommonlyencountered

Ofthesechemicalsubstances［WHO84】．
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Someresearchespointedoutcarcinogenicityandmutagenicityofthese

Substances・SinceRooklRook74】reportedthatTHMsareformulatedthrough

disinfectionprocessfordrinkingwater，CarCinogenicityofTHMshasbecome

aproblemthatwaterserviceadministratorscannotignore・

THMsoccurinwaterprlmarilyfromreactionsbetweenchlorineandor－

ganiccompoundssuchashuminacid・Theseorganiccompounds，Whichare

Calledprecursors，COnSistoftwotypes［Tanbo83］・Thefirstaresubstances

naturallyproducedfrompeat orhumicsoils・Thesecond are discharged

丘omsewagetreatmentplantsorlmmanexcretatreatmentplants・

Inwaternetworksinurbanareas，forinstance，inTokyoor Osaka，the

lattersubstancesaremoreslgnificantbecausedischargesfromupwardurban

areas may be a source oftheenvironmentalriskin downward areas．Fbr

exampleICarCinogenicityofdrinkingwaterinTokyomaybeincreasedby

addingurbanactivitiesinupwardSaitama，SimilarlyinOsaka，itmaybe

doneby activitiesin Kyoto・Namely，theTHM problemin urbanwater

networksiscloselyrelatedtothoseurbansystemstruCtureSincludingwater

networktopologyandlandusepatterns・

TheTHMprobleminurbanwaternetworkshasthefollowlngfour

CharacteristicslMaeda92，Maeda93］．

1・TheproblemhasunCertainty．

Theuncertaintyhastwoaspects，COmPlexityandfluctu－

ations・Thefirstaspectisrelatedtotwofactors．

・ComplexityofeachprocessinvoIvcdintheriskphenom－

ena；SuChasgenerationoftherisk，tranSmissionofcon－

Cernedsubstances，humanexposure，andhealtheffects．

●StruCturalcomplexityofriskpropagation・

9



In the THMproblem，unCertaintiesin carcinogenicriskof

drinkingwateremergefromcomplexprocessesinvoIvedin

riskpropagation；forinstance，PrOCeSSeSOfdomesticwaste

Waterdischarges，treatmentinsewageplantSOrlmmanexc－

retatreatmentplants，biochemicalinteractionsinrivers，treat－

mentinfi1trationplants，andwatersupplyforeachhouse－

hold．Therefore，SyStemStOdealwiththeproblemmusthave

CaPabilitytohandlehydrologlCal，biochemical，andtechn0－

10giCalbehaviorinvoIvedineachprocess．

Theotheraspectoftheuncertaintyisrelatedtostochastic

fluctuationsofmagnitudeandfrequencyoftherisk．Systems

todealwiththeproblem，hence，havetohandleparameters

relatedto丑uctuations oftherisk．

2・Theriskisgeneratedandpropagatedontheurbansystem・

Theurbanareaisakindofsystem．Theriskproblem，aS

mentionedabove，OCCurSthroughtheurbansystemstructure・

Moreover，Citiesarecontinulngitsgrowthandchange，Which

OCCurSnOtOnlyinphysicalinfrastructurecomposlngtheur－

banstructure，butalsoinsocio－CulturalinfrastruCtureS，SuCh

as changlnglifeStyleofcitizens orintroducingnew mate－

rialcirculationsintheurbanarea．Accordingly，description

Oftheurbansysteminvolvingthesystemstructureandits

SOCio－Culturalsystemisneededtodealwiththeriskpropa－

gationprocess．

3・Theriskproblemisakindofdesignproblemwhileitisalsoadiagnosis

problem．

10



Asshowninthenextsection，theriskassessmentisapro－

Ceduretoestimatemagnitudeanddistributionofthegener－

atedrisk・ThisisconsideredasakindofdiagnosISPrOCedure・

Howeverinabroadersense，riskassessmenthastobedonein

COnneCtionwithriskmanagementproceduretofindpolicies

OraCtionstoreducetherisk．Namely，COmbinedprocessof

riskassessmentandriskmanagementisnecessaryformak－

lngdesirablepolicythatreducesexistingrisk・Inthissense

theriskproblemisconsideredasadesignproblemforpolicy

making．

Inpolicymakingprocessesitisrequiredtoassesse仔ec一

七ivenessofdesignedpolicyvariables（forexample，COnStruC－

tionofwatersupply／sewersystems，regulatoryactions，and

institutionalimprovements）．Hence，decisionmakershaveto

gobacktorisk assessment andtovalidateeffectivenessof

thealternativepolicytobedesigned・Namely，SuChpolicy

makingsrequirecyclicprocessbetweenriskassessmentand

riskmanagement．

4・TheTHMproblemisinterdisciplinary・

TheTHMproblemhasinterdisciplinarynature・Fbrin－

StanCe，1et us consider eirects ofurbanizationin an upper

basininariversystem・Aprogressofurbanizationinthe

upperbasinmaycauseanincreaseofTHMgenerationon

alowerbasin，becausetheurbanizationintheupperbasin

brings anincreaseof dischargefrom sewersin theupper

basin・This causesorganiccontaminationinthesourceof

drinkingwaterthatistobesuppliedforthelowerbasincities・

11



Finally，thesource－WaterCOntaminationmayresultincrease

THMgenerationinfi1trationplantsinthelowerbasin・

Tounderstand the whole sequence of these processes，

knowledgeinvariousdomainsisrequired．First，knOwledge

OfsewageworksenglneerlnglSrequiredtoestimateimpactof

theurbanizationonqualityofsewageplantdischarge・Sec－

Ondly，hydrologywillbe suitableto describethe behavior

Ofwaterinrivers・Furthermore，understandingthechange

Ofwaterqualityinrivers requiresknowledgeprovidedby

Water enVironment englneerlng Or Water quality englneer－

1ng・Thirdly，tOunderstandprocessesthatoccurinfi1tration

Plants，WaterWOrksenglneerlnglSneeded・Fburthly，infor－

mationrelatedtocitizensexposedtotherisk，forexample，

distributionofpopulationor distributionofgender／agein

POPulation，wi11besuppliedbymeansofknowledgeofmunic－

1Paladministration・Fina・1ly，knowledgerequiredtoestimate

lmmaneHectofthesubstanceisinvoIvedinepidemi010gyor

socialmedicine．

Asshownabove，theinterdisciplinarynatureoftheTHM

PrOblemcallsforknowledgeinvariousdomainsthatarere－

latedtotheriskphenomena．Tosupportriskassessmentfor

theproblem，itisrequiredtodealwithsuchmultipledomain

knowledge．

Consequently，theknowledgesystemthatdealswiththeTHMproblem

hastosatisfythefollowlngrequirements．

1・Tohavethemodeloftheurbansysteminwhichtheriskoccursand

PrOPagateS，andthepeopleareexposedtotherisk．

12



2・TohavethemodeldescribingbehaviorofvariousprocessesinvoIvedin

theurbansystemandvariablesrelatedtotherisk．

3．Tobeabletoevaluatefluctuationsoftherisk．

4・TobeabletosimulatetheriskphenomenaorriSkreductionpoliciesby

meansofthemodeloftheurbansystem．

5・Todealwithmultipledomainknowledgeassociatedwiththeproblem・

2．2　Requirements to Support Risk Assess－

ment

AccordingtoTheNationalResearchCouncil（NRC）intheUnitedStates，

riskassessmentconsistsofthefollowingfoursteps［NRC83］・

1・HazardIdentification（HI）Thedeterminationofwhetheraparticular

Chemicalisorisnotcausallylinkedtoparticularhealtheffects・

2・Dose－ResponseAssessment（DRA）Thedeterminationoftherelation

betweenthemagnitudeofexposureandtheprobabilityofoccurrence

Ofthehealthefftctsinquestion．

3・ExposureAssessment（EA）Thedeterminationoftheextentofhuman

exposurebeforeorafterapplicationofregulatorycontroIs・

4・RiskCharacterization（RC）Thedescriptionofthenatureandoften

themagnitudeofhumanrisk，includingattendantuncertainty・

Figure2・1［NRC83］showstherelationamongthefourstepsandriskman－

agement・Asshowninthefigure，thestepRC，thefinalstepofriskassess一

ment，follows consequences ofboththe step DRA and thestep EA・The

13



RESEARCH RISKASSESSMENT RISKMANAGEMENT

Extrapotation
methods

forhigh
to10Wdoso

Field

measurements．

estimated

exposureS，etC．

Deve10Pment

Of

regulatory

OPtions

Figure2．1：Elementsofriskassessmentandriskmanagement【NRC83］・

latter，thestepEA，Canberegardedasakindofsimulationprocessofex－

posuresituations・AsshowninFigure2・17thestepEAisbasedonfield

researchesthatidentifystructure，behaviorandna・tureOftheexposureenvi－

ronment．Thefieldresearchesareconsideredasanidentificationprocessof

environmentalmodelforthesimulationinthestepEA．ThestepEArequlreS

suchidentifiCationofmodeloftheenvironment．Akiyama［Akiya89】pointed

outthattheurbansystemstructure，Whichiscloselyrelatedtoriskprop－

agation，1SVerylmPOrtanttOunderstandwater－borneriskinurbanareas・

Accordingly，addingtothefoursteps，identifiCationofmodeloftheurban

areaisnecessarytoriskassessmentforsuchrisks．

SllPpOrtingofriskassessmentwi11，therefore，ha・VetOCOnSistofprocedures

tosupportsomepartofthefourstepsplusaproc・eSSOfmodelingtheurban

14



area・Inthispaper，IintendedtosupportstepsEAandRConthebasisof

theknowledgeofsubstances，dose－reSPOnSerelationship，andthestructural

modeloftheurbansystem・htheremainderofthepaper，itisassumedthat

COnSequenCeSOfstepsHIandDRAandstruCtureOfthemodelareglVen．

RiskassessmentprocessinvoIvesalogicalsequenceofscientificestimates

Ofprocesses；SuCh asemissionsofprecursors orrelated substances tothe

environment，PrOPagationalongthestructureoftlrbansystem，biochemical

reactionsinthepropagationpaths，eXPOSuretOhumans，anditshealthef－

fects・Insuchasequence，itiscriticaltoconsideruncertaintiesinvoIvedin

eachestimateandgapsbetweenestimates．

Furthermore）aSShowninFigure2・1，theriskassessmentisalsoaproce－

duretopreparethebasicdataforsubsequentriskmanagement・Basedonthe

COnSequenCeOfriskassessment，riskmanagementcandetermineanewpolicy

amongalternativepolicyoptionstoreducetherisk．Ifapolicyisselected，

anotherEAsteponthesituationbasedonthenewpolicyandthesubse－

quentRCstepmustbedone．Namely，insuchacyclicprocessofEA and

RC，eadalternativepolicyrequiresEAbasedonthescenariorepresenting

theconditionandassumptionsemployedinthepolicy・

TosupporttheEAprocedureinthecyclicprocess，thesystemtosupport

riskassessmentmusthavethefollowlngSPeCifications・

1・Themodelrepresentingbehaviorand structureofenvironment and

urban area．

2・Knowledgeaboutdose－reSPOnSerelationship associatedwiththecon－

cernedrisk．

3・Computationalenvironmenttosimulateavarietyofexposuresituation

on themodel．
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4．CapabilitytoevaluateunCertaintiesassociatedwiththeestimatedrisk．

2．3　RequirementstoSupportRiskCommu－

nication

AccordingtoFikselandCovello［Fikse87】，riskcommunicationistheprocess

OfconveylngtOinterestedparties theoutput ofthevarious stageofrisk

ェassessmentandriskmanagementincludingthenature，magnitude，urgenCy，

andacceptabilityoftherisk，Strategiesformitigatingtherisk，therelative

meritsofdiff6rentoptions，andthejustificationforthedecision．

Thefollowingproblems，however，ObstructdesirableriskcommunicationlCove187］．

1・Messageproblems

・Deficienciesinscientificinformationresultinginlargeuncertain－

tiesin riskestimates．

・DifBcultiesinassesslngCOmPlexphenomena，SuChasaccidentse－

quences，Synergistice鮎cts，andeHectsforseIISitivepopulations（e・g・，

Children）．

・Hightechnologicalanalysisthatisoftenunintelligibletothenon－

scientist．

2．Sourceproblems

・Disagreementsamongscientificexperts．

●Lackofresourcesandlegalconstraints・

●　Failuresto discloselimitationsofriskassessment．
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●Limited understanding of cognitive aspects（interests，COnCernS，

Values，etC．）oftheindividualcitizensandpublicgroups．

●Useofbureaucratic】1egalistic，andtechnicallanguage・

・Lackoftrustandcredibility．

3．Channelproblems

●Selectiveandbiasedmediareporting・

●Prematuredisclosuresofscientificinformation．

●Inadequaciesininterpretingtechnicalriskinformation・

4・Receiverproblems

●Inaccurateperceptionsoflevelsofrisk．

・LackofinterestinriSkproblems．

・0verconfidenceinone，sabilitytoavoidharm．

●Strongbeliefsandopinionsthatareresistanttochange・

●Exaggeratedexpectationsaboutthee鮎ctivenessofregulatoryac－

tions．

●Desireanddemandsforscientificcertainty．

●AreluctancetomaketradeoffsbetweendifFerenttypesofrisksor

betweenrisks，COStS，andbenefits．

●Di凪cultiesiIlunderstandingprobablisticinformation・

FikselandCovello［Fikse87］discussedthatknowledgesystemtechnology

COtlldcontributetoenhanceriskcommunicationagainsttheseproblemsin

thewaysshownbelow．
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1・Genericknowledgerepresentation

Knowledgeaboutriskphenomenacanbeorganizedintowel1－

definedcategoriesofattributes，1mPaCtS，andotherimpor－

tantfactors・Knowledgesystemswillmakeitpossibletoac－

COunteXPlicitlyfortheseconsiderationsandtoacknOwledge

theirimportanceintheriskcommunicationprocess．

2・Repositoryofconsensusknowledge

Knowledgesystemtechnologypermitstheelectroniccapture，

maintenance，anddistributionofknowledge．Thiscapability

WillhelpclarifythenatureofscieIltificcontroversiesanddis－

agreementsaboutfactsandassumptions．

3・ClarityofloglCandassumptions

Knowledgesystemtechnologywi11permitthereasonlng，loglC，

andassumptionsusedintheprocessofconstruCtingstate－

mentsabout risktobecarefu11y contl・011edandexamined．

Fbrexampleっknowledgesystemscanbeusedtoexplorethe

SenSitivityoradequacyofstatementsinvarioussituations．

4・Flexibleexplanationcapability

Differentusersmayrequlredifferentlevelofinformationabout

COnCernedrisk・Knowledgesystemtechnologiesmakeitpos－

Sibletoderiveasdeeplyasneededintotheknowledgebaseto

exploreparticularquestionsaboutassumption，facts，mOdels，

ortheories．

5・HandlingofQualitativeInformation
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Knowledgesystemtechnologycansimultaneouslyaccommo－

datebothqualitativeandquantitativeinformationforaspe－

Cificriskproblem．

6・Naturallanguagepresentation

Knowledgesystemcanoutputinformationderivedfromrea－

SOnlngOnthesysteminstylelikenaturallanguage・

7・HandlingofUncertainty

KnowledgesystemcantreatuncertaintywithtooIs，SuChas

PrObability，Certaintyfactors，andfuzzymeasures・

8・Interactivedialog

Knowledgesystemsarecapableofengaglnglnaninteractive

dialogwitharelatedgroup・

9．Graphicvisualaids

Theuseofknowledgesystemswithactivegraphicinterfaces

Canhelpusersunderstandcomplexsubjects．

10．Rapidinfbrmationretrieval

Theuseofknowledgesystems enables specifictypesofin－

formationaboutrisksandriskmanagementstrategiestobe

rapidlyaccessedanddisplayed．

Amongtheitemslistedabove，WearenOtCOnCernedherewiththeitem

5，handlingofqualitativeinformation，becausethepaperdealswithsupport

forquantitative，nOtqualitative，riskassessmentprocess・Moreover，theitem
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10，raPidinformationretrieval，Canbeaggregatedintotheitem2，because

thenature ofinformationretrievalshould be argued as an aspect ofthe

informationrepository・FbllowlngtheabovediscussionsIOurSPeCifications

fortheknowledgesystemtosupportriskcommunicationissummarizedas

listedbelow．

●Explicitandgenericknowledgerepresentation・

●Consensusknowledgebaseassociatedwiththerisk・

・Capabilititoexaminetheknowledgeinvarioussituations．

・Flexibleexplanationfunction．

●Userinterfaceuslngnaturallanguage・

●HandlingofunCertainty．

●Interactiveuserinterface．

●Graphicaluserinterface．
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2・4　Summary

Ftomdiscussionsinthischapter，requlrementSforriskassessmentandrisk

COmmunicationfbrtheTIiMproblemaresummarizedasfo1lows．

1・RequlrementSfortheknowledgebase・

●Tohaveknowledgerelatedtorisk assessment・Theknowledge

involves，

－TnOdelofstruCtureandbehavioroftheurbansysteminwhich

theriskisgeneratedandpropagatedland

－knowledgeofdose－reSPOnSerelationship associatedwiththe

risk．

●Tohavemultipledomainknowledgeneededtounderstandtherisk

phenomena．

・TobeabletoevaluateunCertainties，eSPeCially丑uctuations，aSSO－

ciatedwith therisk．

●Tohavecomputingenvironmenttosimulateexposuresituations

invarious conditions．

2・RequlrementSfbruserinterfaceofthesystem

●　Tobeinteractive．

・Tohavegraphicvisualinterface．

●Tohavenaturallanguageinterface・

●Tobeabletoexplainnexiblyconsequencesandprocessesofinfもr－

encedoneonthesystem．
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Thenextchapterfollowsthefirstsetofrequirementsanddiscussesthe

designoftheknowledgebaseofthesystem・Thesecondsetofrequirements

isreferencedinChapter5todiscusshowtoimplementtheuserinterfaceof

thesystem．
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Chapter3

こKnowledgeSystemtoSupport

Risk Assessment

Thischapterisdevotedtospecifysuchnecessaryfunctionsoftheknowledge

SyStemthatsatisfythefollowlngfiVesystemsrequirementsdiscussedinthe

PreCedingchapter．

●Amodelofstructureandbehavioroftheurbansystem・

●Knowledgeofdose－reSPOnSerelationshipassociatedwiththeTHMprob－

lem．

●TheknowledgebasethatconsistsofasetofknowledgeconcernlngtO

multipledomainsinvoIvedintheriskproblem・

●Computingenvironmenttosimulateexposuresituationsonthemodel

intheknowledgebase．

●Capabilitytoevaluateuncertainties，eSpeCiallynuctuations，aSSOCiated

Withriskestimatingprocesses・
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Section3．1discussesthefirstrequirement．TIlethirdrequirementisdis－

CuSSedinSection3・2・Followlngthesetwosections，Section3．3discusseshow

themodelisprogrammedintheknowledgebase．Section3・4Showshowthe

RARCOMsystemcopewiththefourthrequirement．Finally，thefifthisdis－

cussedinSection3．5．HowthesecondrequirementisdealtwithisdiscllSSed

inChapter5．

13．1　0bject Model

Asmentionedabove，thesystemmusthaveamodelrepresentingstruCture

andbehavioroftheobject，inwhichtheriskofexposuretothecarcinogenic

Substanceisgeneratedandpropagated，andknowledgeaboutdose－reSpOnSe

relationshipofthecarcinogen・Thelatterisprobablywritteninarule－based

SyStemlWinst84】．Theformeris akindofknowledgethatis called o毎eci

modelinknowledgeengineering［Ueno85】，Whichis ak）rmalrepresentation

Ofsomepeople’smechanism－understandingabouttheobject・Thissection

focusesonthefomerknowledgeanddiscusseshowtheobjectmodelshould

betodealwiththeTHMprobleminurbanwaternetworks．

Therearetwoapproaches，discoveryapproachandpostulaiedapproach，

tomodelanobjectintheworld［Klir91］．Intheformerapproach，themodel

isconstructedbybottom－uPPrOCedurebasedondataobservedintheworld・

Atthesametime，themodelcanbebuiltbytop－downproceduresbasedon

knownpremisesinthelatterapproach．ObjectmodelintheRARCOMis

COnStruCtedalongthelatterapproach，becauseit follows，aS mentionedin

Section2．2，thepremisethatidentifiCation ofthemodelmustbe donein

advance．

Whenanobjectintheworldismappedontoamodel，themapplngprOCeSS
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ObjectEntity
intheWorld

‾　＞

（2）

ObjectModel ＞

（3）

ObjectModelin
aKnowTedgeBase

（1）：ModeHngFramework

（2）：Modeling軍Chema
（3）：ProgrammlngMethod

Figure3．1：Procedurestomodelanobjectintheworld．

ShouldfollowtheprocedureshowninFigure3．1lMaeda92】．Theobjectis

firstmappedontotheobjectmodelonthebasisofamodelingschema（（2）

inthefigure），Secondly，theobjectmodelisdescribedinaknowledgebaseby

usingaprogrammingmethod（3）．Thissectiondiscussesthemodelingschema

thatisusedintheobjectmodeldescription．Themodelingframework（1）

is arguedin thenext section．In particular，thehamework to dealwith

multipledomainknowledgeisfullydiscussedinthenextchapter・Section3・3

Showstheprogrammlngmethodtodescribeexplicitlyandcomprehensivelv

knowledgeassociatedwiththerisk．

Component－COnduit model

Thesystemusescomponent－COnduitmodelasthemodelingschematorepre－

Senttheobjectmodel・ThisisthesameschemathatdeKleerandBrownldeKle83］

usedinmodelingforqualitativephysics・Incomponent－COnduitmodel，the

Objectismodeledasanetworkconsistingofanumberofsortsofcomponents

andonesortofconduitsthat connectbetweencomponents・Thisnetwork

iscalleddevicetopology，Whichrepresentsthestructureofmediathatprop－
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Figure3．2：Acomponent－COnduitmodelofanurbanwaternetwork・

agatest亜二　Eachcomponentinthetopologyvariesattributesofthestuff

Whenthestuffpassesthroughit，Whileconduitshavenoe鮎ctonattributes

ofthestuff．

Fbrexample，amOdelofanelectriccircuitisrepresented，aSShownby

deKleerandBrown，aSadevicetopologythatinvolvescomponentsrepre－

Sentingresistor，COndenser，Switch，andsoon．Ontheotherhand，Stuffof

themodelrepresentselectriccurrent．

Inthispaper，COmPOnentSOfthemodelareriverchannels，riverbasins，

fi1trationplantS，SeWagetreatmentPlants，Cities，tOWnS，andwards（inthe

remainderofthepaJPerthelatterthreeareaggregatedanddenotedas’cities’）・

Thedevicetopologyinvolvingthesecomponentsrepresentstheurbanwater

network・Figure3．2showsanexampleofadevicetopologyrepresentingan

urbanwaternetwork．

Theclaimthatanurbanwaternetworkcanbemodeledasacomponent－
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Figure3・3：Conceptualmodeloftheartificialwatercycle【Akiya89］．

COnduitmodelisbasedontheempiricalworksbyAkiyama［Akiya89］and

Others・Akiyamapropoundedforriskanalysisaconceptualmodelofurban

StruCtureaSSOCiatedwiththewatercycle．Inthismodel，urbanwatersys－

temisstruCturedbyboxesthathavedistinctfunctionsandnatureandare

COnneCtedwitheachotherbywaterAow（Figure3．3）．Thismodelisbased

Onthepremiseslistedbelow．

．Waterflowsthrougheachboxfromitsupwardsidetoits downward

side．

．EachboxvariesrateofAowandwaterqualityinitbvefftctofvarious

natural，SOCio－eCOnOmic，andtechnicalfactorsassociatedwiththebox．

●BothrateofAowandwaterqualitydonotchangeduringtheconnecting

processeswithotherboxes．
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Suchawayofformulationissimilartothemodelingschemaappliedto

StOrage舟nctionmethodlKimur62】ortankmodelmethod［Sugaw72］，thatare

COnVentionallyusedformodelingwaternetworksinhydrologyandriveren一

glneerlng・Themodelofurbanwaternetworkcanbethereforedescribedby

uslngthesewayofformulation・Bysubstitutingtheseboxestocomponents

andbyconsideringconnectingprocessesbetweenboxesasconduits，these

typesofmodelscanbecalledcomponent－COnduitmodels・Namely，thecon－

CePtOfcomponent－COnduitmodelcanbeutilizedinmodelingurbanwater

networks・Inthispaper？thefollowlngPremisesarepreparedformodeling

theurbanwaternetwork．

・Steadystateassumption

Itis assumedthattheurbanwaternetworkismodeled asasteady

Stateflowsystem・Theknowledgesystemdealswithcarcinogenicity

riskassociatedwithdrinkingwaterintheurbanwaternetwork・The

Criticalpointofa＄SeSSmentaboutthecarcinogenicriskisnotapeak

COnCentrationofthecarcinogenindrinkingwater，butalevelofaver－

ageconcentrationduringlong－termWateruSe．Themodelistherefore

neededtoreAectwaternetworksinyearlyaverageorsteadystatecon－

ditions・Thewaternetworkismodeledasastaticsystemunderthisas－

SumPtion・Inotherwords，themodeldoesnothaveexplicitlvtheterm

Oftime・Accordinglylthemodelcannotrepresentdvnamicchangesin

thenetworkthroughtime．

●Definitionofstuff，COmpOnent，andconduit

Stuff：StuffistransmittedthroughanetworkCOnSistingofcomponents

andconduits・Stuffatapointinthenetworkischaracterizedby

rateof鮎wandotherattributes・Understeadystateassumption，
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themodeldoesnotconsiderdynamicchangeofAowpotentialin

apoint．Therefore，themodeldoesnotneedvariablesrepresent－

lng且owpotential・Stuffatapointisrepresentedasavectorof

attributesfexpressedbelow：

J＝（甘，Cl，C2，…，cm）

Whereqdenotesrateofflowandci（i＝1，．．．，n）denotesvalue

Oftheotherattributes・IntheRARCOM，Stu仔representswater

丑ow・Namely，qrepreSentSrateOfwaterBow，andcidoesawater

qualityindexoracontaminantloadinvolvedinwater丑ow．

Component：Componentis aprimitiveto construct themodel・A

COmPOnent，Whichhastwoterminals，uPWardoneanddownward

One，runSStuffthroughitselffromupwardterminaltodownward，

andsimultaneousIvvariesattributesofthestuH．Behaviorofcom＿

POnentisrepresentedbythefollowingequation．Namely，Whenん

denotesstuffrunningintotheupwardterminalandムutdenotes

thestuffrunnlngOffthroughthedownwardterminal，thefollowlng

functionG（・）representsbehaviorofthecomponent．

ムut＝G（ん，p）

WherepISVeCtOrOfparametersrelatedtobehaviorofthecompo－

nent・TypesofthecomponentdeterminesthefunctionG（・），While

ParameterPisdeterminedineachcomponent．

Conduit：Conduitisanothermodelprimitive・Aconduit，Whichalso

hasupwardterminalanddownwardterminal，Onlytransmitsout－

PutStuffhomacomponenttoanothercomponent．Pointswhere

COnduitsaregatheringattheirupwardterminalaredividingpoints
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OfAow）Simultaneously，pOintswhereconduits aregathering at

theirdownwardterminalareconfluentpointso用ow．Behaviorof

Stuffinconduitsanddividing／confluentpointsfollowstheconser－

VationofRowprinciple．Namely，Stu仔attributes arenotvaried

While丑Owlngthroughconduits．Totalamountofeachattributeis

equalatupwardanddownwardsideofdividing／confluentpoints．

Systemrepresentedasanetworkthatiscomposedbythesecomponents

・andconduitsshowsadevicetopology・Componentsinadevicetopologyare

COnneCtedwith’Zeroormoreupwardconduitsandzeroormoredownward

COnduits・Inupperreachofthedevicetopology，thereareseveralcomponents

COnneCtedwithnoupperconduit・Thesecomponentscomposetheupper

boundaryofthedevicetopology・Outputstuffshomthesecomponentsmean

theboundary conditionforthemodel・Stufrs determinlng theboundary

COndition areset up asglVenOraS determinedfromparametersofthese

COmpOnentSbeforeexecutingsimulations・

3・2　DealingwithInterdisciplinaryNature

Tomodelanobjectintheworld，mOdelershavetoextractkeyprinciples

fromtheworldandtorepresentstructureoftheobjectinaformappropriate

forsolvingproblems・Anumberofresearchespointedouttheimportanceof

theseactivities・Fbrexample，HoriandOhsuga［Hori90］definedtheserequire－

mentsformodelingas articulationproblem，Haggith〔Haggi90】andRobert－

SOnetal・lRobert91］Calledtheseactivitiesidealisaiion・．Checkland【Check81］

PrOPOundeds埴systemsmethodology，WhichinvoIvesthesemodelingactivi－

tiesdealingwithcomplexandill－StruCturedproblems・Moreover，SeVeralre－

SearChesinartifiCialintelligencediscussedontology，Whichistheconceptual

30



definitionandcatalogulngOfentitiesandrelationshipsexistingintheworld，

underlyinginmodelsinknowledgebases［Liu90，Colli87，Ramon92，Motod93］．

AccordingtoHaggith，idealisationactivitydependsonpurposeandpoint

Ofviewofthemodeler■Inparticular，Weltanshauun90fthemodeler，howthe

modelerrecognizestheworld，isthemostimportantfbrmodeling【Check81】．

Followlngtheabovediscussion，COnSiderinterdisciplinarynatureofthe

THM problem・As mentionedin the previous chapter，multiple domain

knowledgeis required to dealwith the problemof THM generation and

itshealth effects・Each domainknowledgereflects thinking andunderly－

1ngWeltanshauungoftheexpertengaglnglneaChdomain・Thus，multiple

Weltanshauungenmustbereflectedinconstructionofthemodeldealingwith

multipledomainknowledge・Suchacoexistenceofweltanshauungenhowever，

CauSeSSeVeralissues・ThisisconcernedwithtwooftheseslgnifiCantissues，

multipleontologyproblemandinconsistenciesbetweenconceptsindomains．

3・2・l Multipleontologyproblem

OneoftheissuesismultipleontologyproblemlMaeda91］．Conventionalmod－

elersareusedtoassumethatontologyofthemodelisglVenOrSelf－eVident・

FbrinstancelinmodelingknOwledgesystemstodiagnosefailureofelectric

Circuits，mOdelerscouldassumeimplicitlythatcomponentsofthemodelrep－

resentelectricdevicesinthecircuits・However，aSdiscussedinthepreviOus

Chapter，themodelofurban waternetworkmust reAect multipleweltan－

ShauungentodealwiththeriskisslleSOfTHMproblem，thatis，multiple

OntOlogleSarerequiredtoconstruCtSuChamodel．

Inrecentyears，SeVeralresearches，forexampleLiuand Farley［Liu90］，

Whichdevelopedknowledgesystemsforsolvingcomplexproblems，POinted

Out that dealing with multipleontologleSis arequlrement tO SOIvethese
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Figure3．4：Derivingdifferentmodelsfromoneobject・

PrOblems・Inthebackgroundoftheseclaims，thereisanunderstandingthat

todecideaunlquemOdeldescription，mOdelershavetospecifyprimarilya

levelofabstractionoftheobjectandtheirpointofview．Becauseontology

isnotalwaysself－eVidentandsometimessubjective，theremaybemorethan

OnemOdelingschematafortheobjecttobemodeled．

Itis considered tha・t there are two approaches to modelan objectin

theworldonthebasis ofmultipleontologleS．Thefirst approach，derives

differentmodelsfrom anobject byusingmultipleontologies（Figure3・4）・

Thesecond，makesamodelconsistingofseveralstlbmodels，Whichrepresent

PartSOftheobjectandaredescribedonontologleSaPPrOpriatetorepresent

theparts（Figure3・5）・Detaileddiscussionsabouttheseapproachesareshown

below．
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a）Derivingdifferentmodelsfromoneobject

Someresearchesproposedmethodsthatusemultipleontologiesintermsof

re鮎ctingdistinctlevelsofabstractiontoglVerichrepresentationoftheworld

foraddingdetailedexplanationcapabilitiesonknowledgesystems（Figure3．4）．

Fbrexample，CollinsandFbrbus［Colli87】，employedbothconiained－SttGon－

tologyand molecular－COllection ontologylnqualitativereasonlngSyStemtO

describebehaviorofliquids．LiuandFarleylLiu90］，uSedtwomodelsthat

こarebasedondeviceontologyandcharye－Carrierontologytoexplainbehavior

Ofelectriccircuits・TheseresearchesusetwodifferentontologleSthat are

basedontwodifferentclass－WideassumpiionsldeKle83］，namelymacroscopic

andmicroscopICOneS．

However）multipleontologleSarealsousedwithinthesamelevelofthe

Class－Wideassumption・Fbrexample，anintelligentcomputer－aideddesign（CAD）

SyStemdeveloped byKiriyama，Tomiyama，andYoshikawalKiriy91］holds

multiplemodelsbasedondifferentontologleSre鮎ctingdifferentpointsof

View・The CAD system controIs andintegratesmodelsrenectingvarious

viewpoints，SuChasthoseconsideringphysicalconstraints？englneerlngCOn－

Straints，andgeometricalconstraints，byuslngtheirmeta－mOdel，i・e・afbrmal

representationofcommOnfeaturesofthesemodels．

ModeldescriptionoftheurbanwaternetworkinthesystemalsorequlreS

useofmultiplepointsofviewtodealwithanobjectintherealworld．For

example，COnSiderlandintheurbanarea・AviewpointofmunlCIPalgovern－

mentwi11dividelandareaintosuchadministrativeunitsascities・Therefore，

modelerstandingonthisviewpointwillmakeamodeloflandasasetofcities・

Ontheotherhand，aviewpointofhydrologyorriverenglneerlngWilldivide

landareabyuslngtheconceptofbasin・Thisviewpointmakesthemodel

as asetoflandunitsrepresentingbasins・Accordingly，thelandareaasa
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Figure3・5：Modelconsistingofsubmodelsbasedondi鮎rentontologleS・

unlquePhysicalexistenceismodeledastwodifferenttypesofmodels・3cities，

and？basins，，byuslngdiHerentontologleS，namelyareainwhichpeoplelive

andareawhichwaterrunsthrough．Todevelopthesystemdealingwiththe

THMproblem，bothconceptsareneededfbrmodelingurbanwaternetworks・

TheRARCOMmusthavesuchmodelsbasedondi鮎rentviewpoints・

b）Makingamodelthat consistsofsubmodels basedon difftrent

OntOlogleS

AnotherapproachtomodeltheobjectonthebasisofmultipleontologleS，

isthatitmakesamodelconsistingofsubmodelsthataredescribedondif－

ftrentontologleSthatarethemostappropriatetothespecificpartsofthe

Object（Figure3・5）．

Fbrexample，mOdels ofmachines or electric circuits that are used for

failurediagnosis，COuldbebasedonaslngleontology・However，tOdealwith

PrOblemsthatoccurininteractionbetweenmultipledomains，SuChas；envi一
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ronmentalriskproblems，eCOlogicalproblemssuchaseutrophicationinclosed

WaterenVironments，globalenvironmentalproblemssuchasthegreenhouse

eHect，andproblemsininternationaltrading，itisimpossibletodescribethe

PrOblemsonthebasisofaparticularmodelingschema・

ConsideringtheTHMproblem，aSmentionedinsection2．1，COmpOnentS

Oftheurbanwaternetworkcorrespondrespectivelytodifferentviewpointsof

differentdisciplines・Forexample，COmPOnentSrePreSentingriverchannelsっ

filtrationplantS，andcitiesshouldbedescribedbvontologiesofhydrology，

WaterWOrksen61neerlng，andadministrationrespectively・

Modelingoftheurbanwaternetworkrequiresthereforeamodelingframe－

WOrkinwhichfirstly，eaChcomponentisdescribedbvuslngthemostadequate

OntOlogycorrespondingtoeachdomainviewpoint，andsecondly，thesecom－

ponentsareaggregatedintoonemodel．ThemodelintheRARCOMhave

tobeconstructedbyuslngtheapproach・

3・2・21nconsistenciesbetweenconceptsindomains

Another slgnifiCantissuerelatedtointerdisciplinaryproblems such as the

THMrisk，isdi鮎rencesinterminologleSandinconsistenciesbetweenmulti－

PledomainknowledgeassociatedwiththeproblemslMaeda93］・Asshownin

theprevioussection，itisrequiredthatpartsofthemodelarebasedondiffer－

entviewpointsappropriatetorepresentrespectiveparts，andbehaviorofthe

PartSOfthemodelarerepresentedbyuslngdomainknowledgecorresponding

totherespectiveviewpoints・Differencesbetweenconceptsinvolvedinmulti－

Pledomainknowledgeare，however，prOblemsinsuchamodelingprocedure・

A termusedinadomainmayhavedifferent semanticsinotherdomains．

Astatementthatistrueinadomainispossibletobenegativeinanother

domain．
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Consider，forexample，Waterqualitiesinurbanwaternetworks・As an

indexoforganiccontaminationin drinking water，WaterWOrks usepotas－

Siumpermanganateconsumption（Chemicaloxygendemandmeasuredbyus－

ingpotassiumpermanganate‥COD－Mn），Whilebiochemicaloxygendemand

（BOD）isusedtomeasureorganiccontaminationinriversl．Althoughthey

arenamedthesamewaterquality，thevareactuallydiHerentindicesmea－

Suredbydifferentmethods．TlmS，Weneedamethodtointerpretthesetwo

indicesinordertodiscusstherelationshipofwaterqualitybetweenfi1tra－

tionplantsandrivers．Fbrtunately，Sincethereisacorrelationbetweenthese

twoindicesundersomecondition，WeCanuSethecorrelationforitsinter－

Pretation．Environmentalsimulationshavesofarbeenonmodelsinwhich

WaterqualityisunifiedinaslngleindexbyuslngSuChrelationships．How－

ever，knowledgeaboutsuchinterpretationshasbeenconsideredasakindof

know－howofmodelersorthedomainexperts，therefore，theknOwledgehas

beenimplicitlvembeddedinmodels andhasnot been availableformodel

users・Thisis oneofthereasons whyitis said that conventionalmodels

havelowreusabilityorsimulationprogramsaredifBculttobemanlPulated

byordinarypeople．

Consequently，ifamodelerintendstoconstructamodelasasetofsub－

modelsthat aredescribedbyuslngmultipledomainknowledge，themod－

elerhastobridgegapsbetweendomainsortosolveinconsistenciesbetween

COnCePtS・Moreover，itisdesiredthatknOwledgeusedto suchbridgingsis

explicitlyrepresentedtomakeusersunderstandtheknowledge・Todothisっ

Ihavedevelopedcompositeo毎ectmodel，Whichisamodelingframeworkto

dealwithmultipledomainknowledge・Theframeworkisfundamentallyde一

1Thisis valid onlyinJapan・In other countries，POttaSium bichromate

COnSumPtion（COD－Cr）ortotalorganiccarboll（TOC）maybeusedtomea5ureOrganic

contamination．
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Velopedtomodelurbanwaternetworksinknowledgebasesbyuslngmultiple

domainknowledgerequiredtodescribebehaviorofthenetworks．Thispaper

PreSentSdetaileddiscllSSionabouttheframeworkinthenext chapter，and

ShowsanimplementationoftheframeworkinChapter5．

3．2．3　Premisestomodelonthebasisofmultiplepoints

ofview

IAsshownabove，mOdelershavetocopewith

・multipleontologyproblem，and

・inconsistenciesbetweenconceptsindomains，

tomodelurbanwaternetworks．Inparticular，mOdelingbasedonmultiple

OntOlogleSCOnSistsoftwoapproaches，

a）derivingdi鮎rentmodelsfromoneobject，and

b）makingamodelthatconsistsofsubmodelsbasedondifferentontologies，

both whichareneeded to construct modelsofurbanwaternetworks．How－

ever，mOdelinginthe approaches a）and b）maycauseinconsistenciesin

models・Toeliminatetheinconsistenciesinmodels，thefollowlngfourcon－

Straintsareintroduced．Theseconstraintsarepremisestokeepconsistency

Ofmodelsbasedonthetwoapproaches・ThesearealsopremiSestoconstruct

modelsonthecompositeobjectmodelframework，bywhichmodelscancope

Withinconsistenciesbetweenconceptsindomains・This sectionshowsthe

fourpremiseslMaeda91】．

・Component－COnduitmodelasthemodelingschema

TheArst premiseisthat themodelis describedbyuslng SChemaof
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COmPOnent－COnduit model．Namely，allpart ofthemodelbased on

di鮎rentontologleShavetobedescribedincomponent－COnduitmodels．

Thisisastrictpremise．Forexample，iftheobjecttobemodeledis

anairpollutionprobleminurbanareas，COmPOnent－COnduitmodelis

notadequatetomodelsuchaproblem．Inthispaper，theRARCOM

dealswiththeTHMproblem・ThisenablesonetohavethepremiSe

becausetheTHMriskismainlypropagatedthroughthestructureof

urbansystemand，aSmentionedinsection3・1，theurbansystemcan

bemodeledascomponent－COnduitmodel．

●　Common stuff

Thesecondisthatallcomponentsbasedondifferentviewpointspro－

CeSSthesamestuff・InthispaperthecommonstuffrepresentsBowof

Water．TIlePremiSeconstrainsthatinformationtransmissionsbetween

COmPOnentS areuniformindependentfromviewpointsofsourceand

destinationcomponents．

●Structural compatibilityThethirdis that stufftransmission be－

tweentwocomponentsmustbedoneinthepointwhereterminalsof

thecomponentscorrespondtoacommonspatialpointintherealworld・

Ifanytwocomponentshavesuchacompatibilityinstructureofthereal

WOrld，thesecomponentscantransmitstufFindependentlyofunderly－

1ngViewpoints・ForexampleっasshowninFigure3・6，itisneededthat

thedischargefromthesewagetreatmentplanthastobeconAuentata

discontinuitypointofsegmentedmodelsoftheriverchannel（astheup－

PerOfrightsideofthefigure），Whileitisnotpermittedthatdischarge

POintfromtheplantdoesnotcorrespondtodiscontinuitypointsbe－

tweentheriversegments（asthelowerofrightsideofthefigure）．The

premiSecorrespondstostructuralcompatibilityprmcipledefinedinLiu
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Figure3．6：Structllralcompatibility．

Figure3・7：NocollisioninrrlOdelingofnows・
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andFarleylLiu90】．

・Nocollisionin modelingof且owintheworldThefinalpremise

is that a且owin the world has not to be dualizedin the model．Tb

modelonthebasisofmultipleontologleS，aPhysicalexistenceinthe

WOrldispossibletobemodeledinmorethanonecomponent．However，

ifa丑owin therealworldis modeled as morethanone component，

thesecomponentscollidewitheachotherinsomepositioninthewhole

nowsystem．Thisbreaks consistencyofthemodel．Itisthereason

that this’premiSeisintroduced for themodeling based on multiple

OntOlogleS・Fbrexample，Figure3・7showstwotypesofdualmodeling

oflandin an urban area．Theleft sidehas no collisionsin themodel

OfwaterAowbecausetwotypesofcomponents，Citiesandbasins，have

di鮎rent behavior about water丑ow．Oneis to supplythe drinking

WatertOhollSeholdsincities，Whiletheotheris to catchrainfalland

thedischargedwaterfromthehouseholds．Ontheotherhand，inthe

rightsideofthefigure，Citiesandsupplyareas，Whicharemodelsofland

basedontheontologyofwaterworksenglneerlng，COllideinmodeling

Ofwater鮎wfromafiltrationplanttohouseholds．becausetheboth

havesamefunctionofwatersupplyfromthefiltrationplant．TIlelatter

modelingviolatesthepremise．

Based on thefourpremises，Thesystemmodels theurban waternet－

WOrkintheknOwledgebasebyuslngthecompositeobjectmodelhamework・

Detailed explanation ofthe compositeobjectmodelis shownin thenext

Chapter．
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3・3　ProgrammingMethodstoImplementthe

Object Model

Thissectionshowsprogrammlngmethodstorepresentknowledgeassociated

Withtheriskproblem・Themethodshavetohaveexplicitandcomprehensive

knowledgerepresentation，aSmentionedinthepreviouschapter．Tosatis＆

therequirement，theRARCOMusestwodeclarativeprogrammlngmethods，

0毎eci－OTientedprqgrammingandlogicpl、qgramminglMaeda93］．

3・3・l Modelrepresentationinobject－Orientedprogram－

ming

Whileconventionalprogrammlngmethodsintendtodescribehowitworks，

Object－Orientedprogrammlngintendstodescribewhatitis．Inobject－Oriented

PrOgrammlng，thingsandconceptsarerepresentedaso毎ects，Whichareba－

Sicunitsofprogrammodulesconsistingofdatarepresentingthoseattributes，

andproceduresrepresentingbehaviorandnatureofthose［Rumba91】．Namely，

theprogramm1ngmethodrepresentsthingsandconceptsbycombinationof

thoseattributesandbehaviorornature・Sucharepresentationiscloselyre－

1atedtothePametheorylMinsk75】，Whichisproposedinthefieldofcognitive

SCienceasaframeworktorepresenthumanknowledge・

Intheprogramm1ngmethod，dataconcernlng attributesofo毎ecisare

Calledslots，Whileproceduresrepresentingbehaviorandnatureofthoseare

Calledmethods・Classesofo毎ectsdefinewhatslotsandmethodstheo毎ects

have・Aclassisadescriptionthatdefinesthena．tureofo毎ectsinit．

Forexample，COnSiderano毎ectrepresentinganltrationplant．Themodel

OfwaternetworkinTokyohasanumberofo毎ectSCOrreSPOndingtotheactual
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Table3■1‥Aclassdefinitionof“filtrationplant”．

Class FiltrationPlant

Meth∝ls

Super－Class

lnstances

UpwardterminaJ（lntakepoint）

Downwardterminal（Destinationofwater－SUPPfy）

Fil打ationmethod

・Theoqectdoes’用tration’and’disinfection’．

－While’disinfection’，THMsaregencrated．

WaterworksEngineenng

Higashi・MurayamaFiltrationPlant

SakaiFiltrationPlant

KanamachiFiltratjonPJant

fi1trationplants†SuChasHigashi－MurayamaFiltrationPlant，SakaiFiltration

Plant，andKanamachiFiltrationPlant．Those（句ects，Whicharecalledin－

StanCeS，havethe same slots and methods．The slots and methods ofthe

instanceo毎ectsoffiltrationplantsaredefinedby，classoffi1trationplant，．

Table3・1showspartofclassdefinitionforfi1trationplants・Accordingtothe

table，afiltrationplanto毎ecthasslotsof，upwardterminal∵downwardter－

minal’，and’fi1trationmethod，，andhasmethodsof，fi1tration∵disinfection，，

and，THMgeneration，・

Ifaclassofo毎ectismoreabstractthananotherone，Oqjectsinthelatter

Classinheriinatureoftheformer class．It means that thelatter class has

automaticallyslotsandmethodsdefinedintheformerclass．Insuchinheri－

iancerelation？theformeriscalledsuper－Class，thelatteriscalledsub－Class・

IntheexampleinTable3・1，aSuPer－Classof，filtrationplantつistheclassof

，waterworksenglneerlng，・Theclassof，fi1trationplant，inheritsthe，water－

WOrksenglneerlng〕class，Whichdefinesthenatureofwaterworksenglneerlng

asano毎ect（Detailedexplanationofitisgiveninthenextchapter）．
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Figure3・8：ModelofurbanwaternetworkinTbkvo・J
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Oneofthemostremarkablecharacteristicsofobject－0rientedprogram－

mlnglSinits executionmechanism．Executionofo毎eciprograms always

requiresanymessagespromptingtheexecution．Inotherwords，0毎eciscan－

notworkwithoutrecelVlnganymeSSageS・Thismechanismiscalledmessage

PaSSing・Allvalidmessagessenttoano毎ectcorrespondrespectivetoparticu－

1armethods・Whenano毎ectreceivesamessage，itinvokesthecorresponding

method・TheexecutionofmethodmayinvokeanothermessagepasslngtO

anothero毎ect・SuchachainofmessagepasslngPrOduceswholebehaviorof

asocietyofo毎ects．

This paperpresentsfive o毎eciclasses to modelcomponentsinurban

WaternetWOrks；riverSegment，City，fplant，SeWage，andbasin，Which

COrreSpOndrespectivelytosegmentsofriverchannels，Cities・filtrationplants，

SeWagetreatmentPlants，andriverbasins．

Theseareo毎ectsrepresentingcomponentsofthemodeloftheurbanwa－

ternetworkshowninSection3．1．Namely，these（句ectshaveamethodthat

COrreSPOndstothefunctionG（・）representingbehaviorofthecomponents，

andslotsthatcorrespondtoparametersofthecomponents・Implementation

Oftheseo毎ecisareshowninChapter5．

Themodelofurban waternetworkis constructed as anetworkconsist＿

lngOfo毎eciinstancesoftheseclasses．Figure3．8ShowstheTbkyowater

networkmodelrepresentedasanetworkofo毎ectsconnectedalongthesix

majorrivers・Thenetworkconsistsofover170instancesofcomponentob－

jectsand conduits connectingbetween sewageandriverSegment，basin

andriverSegment，riverSegmentandfplant，fplantandcity，andcity

andsevage，howeverconduitsconnectingbetweencityandsewagearenot

drawninthefiguretoreduceconfusioninthefigure・
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3．3．2・Description of relation and behaviorinlogic

programming

LogicprogrammlngisbasedontheideathatloglCCanbeusedasaprogram－

minglanguage［Lloyd87］．Inthisprogrammingmethod，PrOgramisdescribed

asasetoflogicalformula，namelyasanaxiomset，andprocesslngSyStem

fortheprogramworksasatheoremproverfortheaxiomset・

Inthesystem，Prolog－1ikelogicprogrammlnglanguageisusedforpro一

二gramdescription・Namely？theloglCPrOgrammlngis basedonfirst－Order

Predicatelogic，andeachaxiomis representedbyHorn clause．In sucha

language，aPredicateisrepresentedbycombinationofafunctor，i・e・name

Ofthepredicate，and arguments・Forexample，aStatement，uFuclmucitv

COntaCtSWithTamagaWariver．”canberepresentedas：

COntact（，Fuchuu，，，Tamagava，）・

Fhrther，alogicalformula，SuChas“IfAandBthenC．”，Canberepresented

aS：

C：－　A，B．

ThisaxiommeansthatifbothpredicatesAandBaretruethenthepredicate

Cistrue・Ⅰnotherwords，thepredicateCcanbevalidatedbychetkingva－

1idityofthepredicatesAandB．Thisaxiomcanbeconsideredasadefinition

OfthepredicateCbyuslngthepredicateAandB・

Suchaprogrammlngmethodhastwoadvantagesforthemodeling・

1・Declarativedescriptionofrelation：

Structuraldescriptioninmodelsinvolveanumberofrepresentations

like“AhasrelationCwithB．”TheformsofpredicateloglCisappro－

Priatetodescribesuchrelation．
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2．Ruledescription：

KnowledgeaboutsystemmodelsinvoIvesanumberofIF／THENstyle

rules・Theformofpredicatelogicisalsoadequatetorepresentsuch

rules．

Asshownabove，aPrOgraminlogicprogrammlngCOnSistsofdeclaration

Offacts and definitionofrules・Regardingthedeclaration as adatabase

andtheruledefinitionasasearchingconditionforthedatabase，information

÷SyStemOfmanaglngenVironmentalresourcesorecosystemscanbeadequately

COnStruCtedon’thebasisoflogicprogramming［Robert91】．

Inthispaper，logiCprogrammnglSuSedfordescribing：

・relationassociatedwith o毎ectsinthemodel；SuChas what o毎ectsa

Classinvolves，andwhatkindofrelationthereisbetweencomponents，

・interactionsbetweeno毎ects，

●methodsofo毎ects，Whichrepresentingnatureandbehaviorofthem，

and

●meta－information？SuCh as definitions ofpredicates and terminology

associatedwithsymboIsusedintheaxioms．

Figure3・9Showsanexampleofrepresentingtherelationbetween o毎ecis

alongTamagawariver・Inthefigure，forexample，thepredicate

modelComponent（tml，riverSegment）showsthattheo毎ecttmlrepresents

aninstanceoftheclassriverSegment，andthepredicateconnect（tml，Sakai＿f）

Showsthattheo毎ecttmlconnectstheo毎ectsakai＿f，Whichisaninstance

Oftheclassfplan七・Detailedexplanationsofimplementationoftheaxioms

areshowninChapter4andChapter5．
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modelComponent（tml，riverSegment）；

modelComponent（tm2，riverSegment），

modelComponent（Sakai f，fplant）；

modelComponent（minamitama＿S，SeWage）

COnneCt（tml，tm2）；

COnneCt（tml′Sakai f）；

COnneCt（minamitam亘＿S，tm6）；

Figure3・9：ModelrepresentationofTamagawariversystem．
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3．4　Knowledge－BasedSimulation

TheRARCOMmusthavecomputingenvironmenttosimulateexposuresit－

uationsoftheriskforsupportingtheEAstepinriskassessment．Todothis，

thesystememploysknowledbe－basedsimulationlFox90］onthebasisofthe

Objectmodelthatisdiscussedabove．

Knowledge－basedsimulation，WhichisaknOwledgesystemtechniqueto

SuPPOrtandtoenhancevarioussimulationprocedures，involves：

●qualitativeorquantitativesimulationsonmodelsconstructedinknowl－

edgebases，Whichareconsideredasoneofmodel－basedreasoning【Hopgo93］，

and

・tOSuPPOrtPrOCeSSeSinsimulationlifecycle，SuChasmodelidentifica－

tionandconstruCtion，eXeClltionofsimulation，andevaluationofcon－

SequenCeS・

Thesystemusestheformertechnique，eSPeCiallvinexecutingquantitative

SimulationontIleObjectmodel．

Knowledge－basedsimulationhasthefo1lowlngadvantages．

●Inknowledge－basedsimulation，thesimulationsystemcaninvoIvein

theknOwledgebases not onlythemodelitselfbut also background

knowledgeandassumptionsthatareusedforconstruCtionofthemodel．

・Thesystemcannot onlysimulate，but alsoexplainprocessesin the

simulation．

・Knowledgerelatedtosimulationprocessesis describedinknowledge

basesbyuslngdeclarativenotation，Whichcanmakethedescriptions

COmPrehensive．
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●Thesystemcandescribeanatureofnon－deterministicbehaviorthatis

Changedaccordingtotheexternalconditions．

Inconventionalsimulationsinenvironmentalscience，themodelshaveso

farbeenprogrammedonthebasisofmathematicalformsbyuslngPrOCedural

languages・Suchamodelingmethod，however，hastwoproblems・First，Since

SyStemuSerSOftenwanttoknowonlytheconsequencesortheestimatedre－

Sultsofsimulations，theymisunderstandtheconsequencesbecauseoflackof

こbackgroundinfbrmationsuchaslimitationofthemodels，aSSumPtionsunder－

1yingthemodels，andknowledgerequiredtounderstandtheconsequences・

Second，iftheuserswanttoknowthebackgroundinformation，theycannot

extract those directlyfromthemodels．Becausetheink）rmation，Whichis

implicitlyscatteredandembeddedinthemodels，isnotdescribedinforms

thatusers canaccess・In contrastwithconventionalsystems，knowledge－

basedsimulationsystemscanexplicitlyequlPandaddsuchinformationin

thesimulationmodels・Knowledge－basedsimulationsystemscanutilizesuch

informationanddatatohelpuser）sunderstanding・

AsshowninSection3．1，themodeloftheurbanwaternetworkisrepre－

Sentedasasetofdeclarationsthatrepresentstaticquantitativeconstraints

betweenstuffsatallpointsinthenetwork・Inotherwords，themodelrepre－

SentationiseqlllValenttoasetofsimultaneousequationsthatrepresentthe

Staticrelationamongthecomponentsofthesystem．Thesimulationonthe

modelmeansItherefore，SOlvingasetofsimultaneousequationswithaddi一

七ionalequationsthatrepresenttheboundaryconditionforthesimulation・

Consequently，thesimulationmechanismintheRARCOMisimplemented

asaconstraintsoIverfbrsuchasetofsimultaneousequations．

ThesimulationmechanismdeterminesvalueofthestufFfatacomponent

inthemodelbysoIvingconstraintsexistinglnaCOmpOnent－COnduitnetwork
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Figllre3・10：AnexampleforalgorithmsimCompo．

inupperreachofthecomponent・Forexample，inFigure3・10thevalueof

StuffatthecomponentEisdeterminedbysolvingconstraintsinnetwork

invoIvingcomponentsA，B，C，D，EandF，andcomponentsinupperreach

OfcomponentsA，B，andC．

ThealgorithmnamedsimCompothatisfordetermlnlngValueofstuffat

downwardterminalofacomponentisimplementedinthesystem・Algorithm

SimCompoisimplementedasamethodthatiscommontoallcomponentsin

themodel・Ifanyonesendstoacomponentamessagetoinvokethemethod

SimCompo，thecomponentwillreplythevalueofstuffatthecomponentthat

isobtainedbyexecutingthefollowlngalgorithm：

Algorithm3・1：SimCompo Let Di denote a componentin the model，

巧（j＝0，‥・，n）denote component directly connecting theupward

terminalofthecomponentDi，Dk（k＝1，…，m）denotecomponent

directlvconnectingthedownwardterminalofthecomponentUi，andtノ
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i∈（1，．．．，m）．StuffatthedownwardterminalofthecomponentDi

areobtainedbythefollowlngalgorithm・

1・IfthereareanycomponentsinllPWardofthecomponent，namely

n＞1，gOtOthenext step．Otherwise，Sinceitmeansthatthe

StuffatthecomponentDiisapartoftheboundaryconditionfor

themodel，WhichhasbeensetprlOrtOthesimulation，eValuate

thesetvalueandterminatethealgorithm・

2・SendmessagesthatrequesttoexecutesimCompotoallcomponent

巧・

3・SoIvetheconstraintbetweenoutputsfromall巧andinputstoall

Dk・Theconstraintcanberepresentedinasetofsimultaneous

linearequations・Accordingly，theconstraint canbesoIvedby

applyingsolvingalgorithmoftheequations（Algorithm3．2）．

4・ThepreviousstepglVeStheinput，namelythestuffattheupward

terminal，tOthecomponentDi．LetIdenotetheinput．Obtain

thevalueofstuffOatthedownwardterminalofthecomponent

Difromthefollowlngfunction，

0＝G（pJ）

WhereG（・），WhichisdefinedinSection3．1，rePreSentSbehaviorof

COmPOnentDi，andpdenotestheparameterofthecomponent．

FbrinstanceICOnSiderobtainingthevalueofstufFatthedownwardter－

minalofthecomponentEinFigure3・10・LetIidenotethevalueofstuff

attheupwardterminalofthecomponenti，andOidenotethevalueofstuff

atthedownwardterminalofthecomponenti，i＝A，B，C，D，E，F・AtBrst

theprocedurepassesbythesteplbecausetherearethreecomponents，A，
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B，andC，inupperreachofthecomponentE．Thestep2sendamessage

“executesimCompo．”toeachcomponentsA，B，andC，reSPeCtively，then

ObtainthevalueofstuffsOA，OB，andOc．Inthestep3，bysolvingaset

OfquantitativeconstraintswithrespecttostuffS，OA，OB，Oc，ID，IE，andIF，

thevalueofh），Ii，and存areobtained．Finally，OE，thevalueofstuffatthe

downwardterminalofthecomponentE，isobtainedbyapplyingbehaviorof

thecomponenttothestuffIE．Namely，thestu茸OEisobtainedfromthe

function，

0g＝G属（p動克）

WhereGE（・）representsbehaviorofcomponentE，andpEdenotesparameter

OfcomponentE．

ThesoIvingalgorithmforasetofsimultaneouslinearequationslWhichis

employedbytheRARCOM，isshownbelow．

Algorithm3・2‥SOIvingalgorithmfbrsimultaneouslinearequations

Thefollowlngalgorithmsolvesasetofsimultaneouslinearequations

involvingn（n＞1）variables，Whichconsistofnequations．

1．Let盲＝1．

2・Findavariablewhichexistsinthemostleftintheithequation．

Letxidenotethevariable．

3・Transformtheithequationtoformasshownbelow；

勘＝月ガSf

Where，BHSiisaformnotinvolvingvariablesxl，・・・，Xi・

4・Ifi＝n？thengotostep7，0relsegotothenextstep・

5・SubstituteRHSiforxiinalljthequations，Wherel≦j≦n，j≠i．
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6・Leti←i＋1andgotostep2．

7・EvaluateallRH量，j＝1，．．．，n．

Itissaidthatsuchaconstraintsolvingalgorithm，Whichdeterminesits

behaviordynamicallvduringtheexecutionaccordingtothestructureofthe

model，isgenerallylesse伍cientincomputingperformancethanalgorithmsin

COnVentionalprogramsっwhichworkbyuslngPrOCeduresthataredetermined

Onthebasisofthestructureofmodelspriortotheexecution．Althoughthis

maybeadisadvantageofthealgorithm，theRARCOMemploysitbecause

thesystemneedsauniversalalgorithmthatcancopewithstructuralchanges

Ofthemodel，forinstanceaddingnewfi1trationplanto毎ecistothenetwork

model，duringthesimulationprocessesofthesystem・

3・5　DealingwithUncertainties

AsmentionedinSection2・2，thesystemofsupportingriskassessmenthasto

equlPafunctiontodealwithunCertaintiesassociatedwiththeriskproblem．

AkiyamalAkiya91］PointedoutthatAuctuationsofdataalongpropagationof

risksisimportanttoestimaterisksinurbanwaternetworks・Fbllowlngit，the

RARCOMdealswiththe丑uctuationsofdataasanaspectofunCertainties

associatedwiththeriskproblem．

Forexample，inthenetworkshowninFigure3・11，attributesofthestuff

atthecomponentEaredirectlyaifectedbyfluctuationsofattributesofthe

StuffatcomponentsA，B，and C・Ifthenetworkrepresentsamodelofan

urbanwaternetwork，itmeansthatwaterqualityatthepointEintheurban

areaisaffectedbywaterqualityAuctuationsinitsupperreach・

Furthermore，thefhctuationatthecomponentEisaffectedbvnotonly

thoseattheupwardcomponentsA，B，andC，buta・1sobythatatthecom－
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Figure3・11：Anetworkpropagating且uctuationsofdata・

ponentD．Consideranattributeofstuffthatrepresentacontaminantload

atcomponentsC，D，andE．Letcibeanattributeatcomponenti，Where

i＝C，D，E．Thereisarelationship，

CE＝cc‾CD・

Ingeneral，IfvariableYisafunctionofrandomvariablesXl†X2，…，Xnas

follows，

y＝J（gl，方2，…，斉れ），

andifthefunctionf（・）iscontinuousandpartiallydifferentiable，thenvari－

anceofthevariableY，Cr子，Canbeestimatedbythefollowlngfbrm：

小一中豊2射‥・＋畏2J三

＋2芸纂扉2畏纂J13＋‥・＋2叢否監輝1）
whereqf，…，q孟denotevariancesofthevariablesXl，．‥，Xnandqijdenotes

thecovariancebetweenvariablesXiandXi（i，j＝1，…，n）［Mood74】・This

iscalledthe女）rmOfpropagationoferrors，WhichisusuallvtlSedfortreating

errorsinphysicalandchemicalexperimentsandsurveylngS・

Accordingtotheform，ifqZisvariance，Whichisregardedasanindex

Offluctuationofthevariable，Oftheattributeatthecomponent k．andcTkl
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iscovariancebetweentheattributesatcomponentskandl，（k，l＝C，D，E），

thenthevarianceo・孟Canbeestimatedbythefollowlngform：

J孟＝J昌一掘－おcD．

ThisformshowsthatvarianceofthevariablecEisaffectedbyvarianceofthe

Variableh・Inwaternetworksintherealworld，itsuggeststhatincreaseof

WateruSeinupperreachofarivermaypossiblyaffectunCertaintyofwater

qualityinlowerreachoftheriver・Inthissense，itisimportanttoestimate

こ丑uctuationsofdataassociatedwiththerisk．

Therearetwomethodstoestimate鮎ctuationsofdata，methodsofuslng

，variances，andMonie Cbrlosimulation．

TheformerisamethodthatestimateAuctuationsofdatabyuslngVari－

ance・Asshownabove，Variancecanberegardedasindexof丑uctuations・

Estimateofvariancetherefore，COrreSPOndstoestimatesofrangeof且uctu－

ations・Themethodhasanadvantage，Whenthereisanunknownvariance，

thevariancecanbeestimatedbytheformofpropagationoferrors，glVen

Othervariancesthatarerequiredtoestimatethetargetvariance・However，

therearetwodisadvantagestoit・Thefirst，isthatthemethodcanestimate

Onlyrangeoffluctuations，butcannotestimateotheraspectsofnuctuations；

SuChasprobabilitydistributionsandmaximum／minimumvaluein丑uctua－

tions・Thesecond，isthatthemethodneedstoomanynumbersofdatato

estimatevarianceofallvariablesinthemodel・Practically，itisdi伍cultto

ObtainsufBcientdatafromurbanwaternetworkintherealworldtoestimate

Variancesofallattributesatallcomponentsinthemodel・Thisisoneofthe

biggestobstacletodothemethod．

Thelatter，MonteCarlosimulation［Rubin81］，isamethodthatestimate

丑uctuations ofvariablesfromiterate ofsimulations ofthe variablesunder

randomlygeneratedconditions■Themethodhasadisadvantage，itconsumes
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alongcomputingtimeandalotofcomputerresources・However，themethod

hasanadvantage，itcandealwithnotonlyrangeofAuctuationsbutalso

PrObabilitydistributionassociatedwiththeAuctuations，Whichtheformer

method cannot dealwith．

ConsequentlvdesignoftheRARCOMemploysthelattermethodtoes－

timate且uctuationsofattributesatcomponents・Algorithmusedfbrimple一

mentingthemethodisshownbelow：

＜Algorithm3．3：MonteCarlosimulationontheRARCOM Fluctuation

Ofavariaも1e，SayX，isestimatedbythefollowlngPrOCedure・

1．Estimateprobablisticdistributionsofallvariablesrelatedtothe

variableこrin advance．

2・Generatevalueofthosevariablesrandomlyaccordingtothedis－

tributions．

3・Dosimulationbyalgorithm simCompo onthebasis ofvariables

generatedbythestep2．Consequenceofthesimulationisstored

inthesystem．

4・Iteratethesteps2and3asmanytimesasnecessary．

5・Allconsequencesofiteratedsimulationrepresentsdistributionof

thevariablex．

Theobtaineddistributionisconsideredtore月＿eCt且uctuationofthevariable．
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Chapter4

・Composite Object Model：a

ModelingFrameworktoDeal

WithMultipleDomain

Knowledge

Asmentionedbefbre，multipleHweltanshauungenHormultipledomainknowl－

edgeisrequiredtounderstandenvironmentalriskproblems suchas THM

problem・However，POSSiblytheremaybeseveralinconsistenciesorgapsbe－

tweenconceptsinvolvedinthismultipledomainknowledge．Fbrexample，aS

ShowninSection3・2・2，Waterqualityindicesoforganiccontaminationused

in rivers andfiltration plants are di庁erentin spitethat theseareused to

indicatethesamewaterquality・

In aknowledgeenglneerlngPOintofview，it canbesaid thatproblem

descriptionofsuchaninterdisciplinaryproblemisstructured as asystem

OfinvoIvingmultipleaxiomsets・SuchaknOwledgerepresentationiscalled

multipleworldmodellChika84，Nakas83］．Asystemofmultipleworldmodel
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hasthefollowlngCharacteristics．

●There areseveralaxiomsets，WhichinvoIvedifferent axioms respec－

tively，inthesystem．LogiCalconsequencefromeachaxiomsetisthus

POSSibletodi茸erfromeachother．

●Scopeoftheinferencemechanismisboundedintherangeofeachax－

iom set・When a predicateis calledin an axiom set，theinference

mechanismsearchesthedefinitionofthepredicatetovalidateitonly

intIleaXiomset．Evenifthereexistsanotherdefinitionofpredicateof

thesamenameinanotheraxiomset，theinferencemechanismdoesnot

accesstheotherdefinition，aSfarastheprogramdoesnotcommand

explicitlytoaccesstheotherdefinition．

・Wholebehaviorofthesystemisdefinedasinteractionsbetweenaxiom

SetS．

ItisacontrasttotheProloglanguage，inwhichaprogramcanberegarded

asaslngleaxiomset，andtheinferencemechanismforthelanguageworks

asasearchingprocedureinthewholeoftheprogram・

In this paper）theknowledgesystem employs aprogrammlngmethod

thatiscombinedwithobject－OrientedprogrammlngandloglCPrOgrammlng

Onthebasisofmultipleworldmodel・Inthisprogrammlngmethod，behavior

Ofo毎ectsisdescribedbyuslngaXiomsoffirstorderpredicateloglCintheir

Classdefinitions・Namely，aClassintheprogrammlngmethodrepresentsan

axiomset・PasslngameSSagetOanObjecicorrespondstocallingapredicate

intheo毎eci；i・e・methodsofo毎ectsareimplementedasaxioms（clauses）of

PredicateloglC・FurtIlermOreっinheritanceintheprogramTTlngmethodmeans

thatasub－Classholdsimplicitlyallaxiomsdefinedinitssuper－Class・

58



千二三＝；三二十千千三＿千二…千千Components：

waterworks恕e
Engineering Engineenng

Administratjon

SeWage C土ty

Figure4・1：Relationbetweendomainknowledgebases andmodelcompo－

nents．

Onthebasisoftheidea，Idevelopedthecomposiieo毎ectmodel，Which

isamodelingframeworktoconstructobjectmodelsoftheworld［Maeda93］．

Thechaptershowscontentsofthecompositeobjectmodel．

Theframeworkofcompositeobjectmodelmakesmodelsbyuslngthree

PartSOfknowledgebases；domainknowledgebases，relationbetweencompo－

nents，andbridgingrulesovermultipledomainknowledge．

4・l DomainKnowledgeBases

Thefirstoneshowsasetofknowledgebasesinwhichdisciplinaryknowledge

inrespectivedomainsaredescribed．Eachdomainknowledgebaseisrep－

resentedasan o毎ectintheknowledgesystem．Inotherwords，knowledge

inadomainisinterpretedasasetofaxiomsofpredicateloglC，andtheset

isregardedasaclassrepresentingthedomainknowledgelnamelvadomain

玩0軋混和e　ααe．

Thesystemuses負vedomainknowledgebasesshowninFigure4・1todeal

WiththeTHMproblemintheurbanwaternetwork・Componentsconsisting
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ofthemodel，SuChasriverSegmentandfplant，aredefinedassub－Classesof

thedomainknowledgebasesof，hydrology，1，waterenvironmentenglneerlng，）

and，waterworksenglneerlng，，andtheyinheritaxiomsdefinedinrespective

domainknowledgebases．

Inaclassdefimitionofacomponentofthemodel，aXiomsthatdetermine

behaviorofthecomponentaredefined．Inparticular，thereisanaxiomthat

definespredicateprocess（Obj，In，Out），Whichdenotes thatifstuffInis

inputtedintoo毎ectObj，theo頓ctoutputsstu庁Out．Thispredicatecorre－

SpOndstothefunctionG（・）explainedinSection3．1．Namely，themethod

COrreSPOndingtothefunctionG（・）isimplementedastheaxiomdefiningthe

Predicateprocess（Obj，In，Out）．Fbrexample，COnSiderthatanaxiom，

PrOCeSS（Obj，In，Out）：－A，B，C；

isdefinedinaclassofacomponent．Inproceduralsense，thisformmeans“If

thepredicateprocess（Obj，In，Out）iscalled，thepredicatecallsasequence

OfpredicatesA，Bandcinthisorder．”Inotherwords，itcanbesaidthat

theprocedureprocess（Obj，In，Out）consistsofsub－PrOCeduresA，B，and

C・Whilethisprocedureprocess（Obj，In，ロut）isfordescribingbehaviorof

thecomponent，PrOCeduresA，B，andcmaybeusedforothercomponents

Ofmodels．Namely，PrOCeduresA，B，andcmaybereusableprimitivesto

describebehaviorofcomponents．Thedomainknowledgebasesareconsid－

eredasthecollectionsofsuchprimitives，thatis，terminologyandformsused

inthedomains．

Itisimportantthatthecontentsofeachdomainknowledgebasearefun－

damentallyindependentofthespecifiCargumentsassociatedwiththetarget

Object・Inotherwords，domainknowledgebasescanbedescribedregardless

Ofwhatmodelingschemaisusedorwhatobjectintheworldismodeled．

Becausetheseargumentsaremeaningfulonlyinthemodelingprocessthat
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followsdefinitionsofcomponents，Whicharesub－Classes ofdomainknowl－

edgebases・Simultaneouslytheyhavelittleslgnificanceforconstructionof

domainknowledgebases，Whicharesuper－Classesofthecomponents・Namely，

domainknowledgebasesinthecompositeobjectmodelarehigh1yportable

andreusable．Theycanbereusedinmodelsforotherpurposesormodels

basedonothermodelingschemata・

Figure4・1showsrelationbetweendomainknowledgebasesandmodel

COmpOnentS・Forinstance，a riverSegment COmPOnentinherits domain

knowledgebases of hydrology and water environment englneering，

While afplaLnt COmPOnent does domainknowledgebaseofwaterworks

englneering．Natureofeachcomponentisdescribedonthebasisofaxioms

inheritedfromdomainknowledgebases・Forexample，inTable3・lbehavior

Offplant o毎ectisrepresentedbyuslngtermS，SuCha，S，fi1tration，or，dis－

inftction77Whicharedefinedinthesuper－Classdomainknowledgebaseof

WaterWOrksenglneering．Behaviorofcomponentsisrepresentedbyuslng

termsandforms definedindomainknOwledgebasesthatareinheritedby

thecomponents・AppendixB・2Showsanexampleofapartofadomain

knowledgebasevaterWorks，andAppendixB・5・1showsadefinitionofthe

COmPOnentfplant，Whichinheritsthedomainknowledgebase．

ItmustbenotedthatbothriverSegnentandbasinhavemultiplesuper－

Classes・Theserelationshipsarecalledmultipleinheritance．Insuchrelation－

Ships）itisneededtokeepconsistenciesofaxiomsinthesub－Classes，that

axiomsin the super－Classes arenotinconsistent with eachother，Or that

SOmeinconsistencysoIverisintroduced・Ⅰnthiscase，theformerreasonpre－

VentSthesub－ClasseshavlnglnCOnSistencies・AxiomsetsinriverSegment

andbasininvolvenoinconsistencies，becausethedomainknowledgebase

OfhydrologyTOneOfthesuper－Classes，invoIvesonlyknowledgeassociated

61



withrateofwater且ow，eXCludingknowledgeassociatedwithwaterquality？

whilethedomainknOwledgebaseofwaterenvironmentenglneeringlthe

othersuper－Class†haveonlyknowledgeassociatedwithwaterquality・

Makingsuchasetofmodulesofdomainknowledgediffersfrommaking

modulesofsubroutinesinproceduralprogramnglanguages・Whilethefor－

merconsistsofconceptualclusteringofdomainknowledgeandspecification

ofthedomainknOwledgebasestothemodelcomponents？thelattermakes

astruCtureOfmodulesoftheprocedures・InotherwordsIWhiletheformer

makesmodulesof“what”，thelattermakesonesof“how”．

Fbrexample，1etaproceduralprogrambeamodelofbehaviorofafi1－

trationplant，andconsistofthreemodules；initializingone，mainone，and

exitingone・Makingaprogramconsistingofsuchmodulesisappropriatein

StruCtllredprogrammlnglnPrOCedurallanguages・Whenapartofbehavior

Ofthemodel，forinstancetheprocessoffiltration，ischanged，however，What

modulesshouldbemodified？Thischangeofthefiltrationprocessmodelmay

requirenotonlymodificationofthemainmodule，butalsothatoftheinitia1－

lZlngOneOrtheexitingone，becausethechangemaya鮎cttheinitializing

PrOCeSSOfdataortheoutputofthereslllts．Insuchproceduralprogram－

mlng，premisesfortheprogramareimplicitlyscatteredandembeddedinthe

PrOCeduralprogram，thus，Whenthepremisesarechanged，thecIlangemay

a鮎ctthewholeoftheprogram．Ifthesystembecomesmorecomplex，it

becomesmoredi伍Culttospecifymodulestobemodified．Thisisakindof

SO－Called♪・amePrOblemlMcCar69］．Thecompositeobjectmodelcopeswith

theframeproblematthefo1lowlngtWOpOints・

First，aSShowninSection3．2．3，thecompositeobjectmodelisbasedon

themodelingschemaofthecomponent－COnduitmodel・Itmeansthateach

modelofthecomponentisneededtorepresentonlytheinternalbehaviorof
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eachcomponentandtheinterfaceviaconduits・Itimpliesthatchangesin

descriptionsofbehaviorofacomponentwillscarcelyaifecttheothercom－

POnentSinthemodel．

Secondly，Inthecompositeobjectmodel，knowledgerelatedtothemod－

elinglSmOdularizedonthebasisnotoforderoftheprocedures，butofdisci－

plinesofknowledge．Fbrexample，inthemodeloftheurbanwaternetwork，

ifthemodeloffi1trationprocessmustbechanged，mOdifiCationofthemodel

Canbedonebyonlymodifyingdescriptionsassociatedwiththefiltrationin

thedomainknowledgebasevaterworks，becauseboththeaxiomrepresent－

lngthefiltration and thedefinitions ofdatausedintheaxiom areinthe

knowledgebase．Inotherwords，inthecompositeobjectmodel，SOmedata

andprocedurestomanlPulatethedataarestoredinafewrestrictedmod－

ules；thatisltheyarenotscatteredinmodulesinthesystem．Consequently，

theframeproblemrelatedtothemodelinglSinhibitedaspossiblebythe

COmPOSiteobjectmodel．

4・2　RelationbetweenCompondnts

The second partinvoIves two kinds ofinformation associated with rela－

tionbetweencomponentsofthemodel・Theseprovidedatopologyofthe

COmPOnent－COnduit network and quantitativeconstraints between compo－

nentsinthenetwork．

Theo毎ectsimHodel，Whichisaknowledgebaseholdingaxiomsrepre－

Sentingthetopologyandthequantitativeconstraintsofthenetworkmodel，

isintroducedtostoreandmanlPulatetheinformation．Axiomsshownin

Figure3．9aredescribedinsimHodel．

InformationheldinsimModelinvoIvesthefollowlngaXioms・

63



1．definitionofcomponents

Afewpredicatesareusedfordefinitionofo毎ectinstancesrepresenting

modelcomponents．Fbrexample，PredicatemodelComponent，Whichis

ShowninFigure3．9，isusedtodefinemembershipofinstances・Predi－

CateObjectAttrsdefinesvalueofslotsinoqiects．Fbrinstance；

ObjectAttrs（edl，［iname，一fEdogava－11．），（length，3・0）］）；

definesthato毎ectedlhasslots，name：andlength，Whichhavevalues，

”Edogava－11，and3．0respectively．

2・definitionofdevicetopology

AsshowninFigure3．9，predicateconnectisusedfordefiningtopology

ofthemodel．

3・definitionofquantitativeconstraints

Anotherfew predicates are used for definition of quantitative con－

Straintsexistinginrelationbetween丑owsinthemodel．Forexample；

fixedFlov（ikosuge＿S，ar3），107．0）；

representsthatrateofnowfromo毎ectkosuge＿StOO毎ectar3iscon－

StantlO7．0103m3／day，Whileaxiom，

flovRate（ink3，nk4hink3，Snl），1・0）；

dehesthatrateof且owfromo毎ectnk3too毎ectnk4isequaltothat

homo毎ecfnk3too毎ecfsnl．

The o毎ectsimModelalsoinvolvesmethodsforknowledge－based sirrm－

1ations，Whichinvokealgorithms discussedinthepreviOuschapter・These
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methodsareimplementedasaru1esetcorrespondingtothealgorithms・As

mentionedinSection3．4，theaxiomsetrepresentingrelationbetweencom－

POnentSis equivalent to a set ofsimultaneous equations representingthe

model．Namely，theexecutionofsimulationontheobjectmodelisdoneby

COmbiningoftheaxiomsetrepresentingboththetopologyandquantitative

COnStraintsofthemodel，andtherulesetsfortheknowledge－basedsimu－

1ation・AppendixB・3Showsexamplesofaxioms andmethodsheldinthe

O毎ecfsimHodel．

4・3　Bridging Rules over Multiple Domain

Knowledge

Thethird，isbridgingrulesoverconceptsinmultipledomainknowledge．As

mentionedinSection3．2．2，thereareanumberofconceptualinconsistencies

betweenmultipledomainknowledge・Therefore，theknowledgesystembased

OnmultipledomainknOwledgehastodealwithrulestoeliminatesuchin－

COnSistenciesandbridgeovergapsbetweenconceptsindomainknowledge・

Theo毎ecibridge，Whichisaknowledgebasestoringsuchbridgingru1es，lS

introducedtodealwithsuchinconsi’stencies・AppendixB・4showsexamples

OfaxiomsinvoIvedintheo毎ecibridge．

Themostimportantconceptsthatshouldbebridgedoverdomainsare

theonesassociatedwithstu茸attributes・Oneofpremisesforthecomposite

Objectmodelframework，WhidisshowninSection3．2．3，istheconstraint

thatallcomponentstreatthesamestu且Ⅰtmeansthatthestuffistheonly

informationcarrierthatistransmittedbetweenmultipledomains・Accord－

lngly，Whenstuffistransmittedbetweencomponents，COnCeptS aSSOCiated

WiththestuGIe・g・？Waterqualityindices，havetobedealtwithbythebridg－
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1ngCapability．

IntIleRARCOM，tWOkindsofbridgingrulesshownbelowareprepared

todealwithwaterqualityintheurbanwaternetwork．

1．InterpretationrulesIfthereexistsarulethatinterpretsaconceptin

Onedomainthatalsocorrespondsto aJnOtheroneinthedifftrentd0－

main，itwillbestoredintheo毎ectbridge・Forexample，COnSiderthat

ariverSegment o毎ecttransmitsstufftoanfplant0毎ect・Since，aS

ShowninSection3・2・2†Organiccontaminationisindicatedby召ODin

rivers，WIlileitisdonebyCOD－Mninfi1trationplants，itisrequired

thatBODobservedintheriverSegmento毎eciisinterpretedasCOD－

Mn・Accordingly，Whenstuffistransmittedbetweentwoo毎ectsbased

Ondi鮎rentdomains，COrreSpOndingbridgingruleiscalledandinter－

Pretationasshownaboveisexecuted．

2・DefaultrulesIf，Whentransmittinginformationbetweentwodomains，

aconceptinonedomainhasnocorrespondencewiththeother，default

ru1esarecalled．Inthesystem，thedefaultrulesdealwithinformation

transmissionassociatedwithwaterqualityindicesbetweenconceptsin

theurbanwaternetworkmodel．Ifthereexistsawaterqualityindex

thatisdefinedinonedomaininheritedbythesourcecomponentandis

Simultaneouslynotdefinedinthedomaininheritedbythedestination，

thedefaultruleaddstheindextothedestinationasanewattributeof

Stuffandsetitsvalueasequaltoitinthesource・Inotherwords，the

indexvalueisnotchangedinthedefaultbridgingprocedure．

Fbrmorecomplexproblemsthantheproblemcurrentlydealtwithby

theRARCOM，mOreCOmPlexbridgingru1eswillbeinstalled．Forinstance，

COnSiderinterpretationrulesbetweenBODandCOD－Mninconditionssuch
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SimModel

Figllre4．2：Thecompositeobjectmodel．

as鮎odsordroughts・Therulescorrespondingtothetwoconditionsarediト

ftrenteachother，becausenatureoforganiccompoundsinwaterinthetwo

COnditionsisslgnificantlydifferent・Accordingly，ChangesinAowcondition

requireavarietyofinterpretationrulesfortheindices．Moreover，itmust

benotedthatsuchrequlrementSfbrvariousbridgingrulesaredependenton

natureofproblemsandobjectstobedealtwith．Modelerswillhavetoset

morerulesaccordingtonatureorcomplexityoftheproblems・

Consequently，frameworkofthecompositeobjectmodelissumTlarized

asshowninFigure4・2・Namely，

a）eachcomponentisdocumentedbyusingknowledgeofitscorresponding
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domaln，

b）relation betweenthose componentsis stored and manipulated bythe

O毎ecfsi血lodel，and

C）gapsbetweenconceptsincomponentsarebridgedbytheoqiectbridge

Ontheconduitsconnectingthecomponents・

Thismodelingframeworkhasadvantagesaslistedbelow・

●Eachdomainknowledgecanberepresentedinknowledgebasesinde－

Pendentlyofaparticularmodelingschemaorconcernedproblems・

・Eachpartofobjectintherealworldisdescribedasamodelcomponent

byuslngdomainknowledgethatisappropriatetorepresentit・

●Theknowledgesystemcaninferacrossmultipledomainknowledge・

●Userscanexaminethebridgingru1es，Whichhavesofarnotbeenex－

Plicitlyrepresentedinmodels，aSimportantelementsconstructingthe

model．

ThistypeofproblemsoIvingsystemsuchastheRARCOMbasedonmul－

tipledomainknowledgehassofarnotbeendeveloped．Mikietal．lMiki93】

PrOPOSedanotherframeworkshowninFigure4・3・ThesystembasedonMiki

etal・，shameworkinvoIvesacommunityofagents，Whichareautonomousand

mutuallyindependentknowledge－basedsystemsforvariousproblemsoIving，

andaterminologyagent，Whichdealswithallvocabulariesassociatedwith

allagentsandsupportinferencesrelatedtomultipleagents・Thecommu－

nityofagentsandtheterminologyagentcorrespondrespectivelytodomain

knowledgebasesandbridgingrulesinthecompositeobjectmodel．Their

hameworkisconsideredamoregeneralmethodfbrproblemsolvingthanthe
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Figure4・3‥Mikietal・’smodelingffamework【Miki93］．
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COmPOSiteobject model．Becausetheformerframeworkhas an orientater

agentthat cangenerateproblemsoIvingproceduresfromvariousproblem

StatementS，Whilethelattercandealwithonlyakindofconstraint－SOlving

PrOblemoncomponent－COnduitmodels．However，Mikietal．’sframeworkhas

notyetbeenimplementedasaworkingknowledge－basedsystems．Ⅰtseems

becauseofdi伍Cultyoftheimplementationoftheorientater．TheRARCOM

isthefirstattempttoconstructaproblemsoIvingsystembasedonmultiple

domainknowledge・
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Chapter5

ImplementationofRARCOM，

a Risk Assessment and Risk

CommunicationSupport

System

5・l ConstructionoftheRARCOMsystem

TheriskassessmentandriskcommunicationsupportsystemRARCOM，is

COnStruCtedasasystemhavingthehllowlngfeatures．

1・Knowledgeenglneerlngfeatures

●Thesystemisconstructedonaworkstation．

ThesystemisconstruCtedonSPARCstation2worksta－

tionmadebySunMicrosystems［Sun92］，WhichhasaUNIX－

basedoperatingsystemandgraphicaluserinterfacebased
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onXwindowsystemversionll（Ⅹ11）［Schei88】・Thework－

stationpresentsaplatformbywhichthesystemcanhave

ahighperformancereasonlngCaPabilityandinteractive

graphicaluserinterfaces．

●Thesystemhasgraphicaluserinterfaces．

As mentionedin Section2．3，aSyStemSuPpOrtingriSk

COmmunicationisrequiredtohaveinteractiveandgraph－

icaluserinterface．TheRARCOMcomplieswiththere－

qulrementandhasinteractivegraphicaluserinterfaces・

Dialogs betweenthesystemandusers aredonebyus－

ingXllwindowsystem弧dEmacsscreeneditorlStal1861．

Userscaninputmessagesorcommandsthroughpop－uP

menus，dialogboxwindows，andEmacseditor，Whilethe

SyStemOutPutSCOnSequenCeSOfinferenceonthemapof

Tokyometropolitanareaorgraphsdisplqyedonthewin－

dows（Figure5・1）・

・CommonESPisllSedforconstructingthesystem．

ESPis alanguagedevelopedinTheInstitutefor New

GenerationComputerTechnology（ICOT）fbrthepersonal

SequentialinferencemachinePSI［Chika84］．CommonESP

（CESP）isatransplantedversionofESPonUNIXOSlAIR91］．

BothESPandCESP aredeclarativeprogrammlnglan－

guagesbasedonobject－OrientedprogrammlngandloglC

PrOgrammlng・Thelanguagesmergeobject－Orientedpr0－

grammlngandloglCPrOgrammlngOnthebasisofmultiple

WOrldmodel・Namely，aClassinESP／CESPisregarded

as an axiom set representedbythelogicprogrammlng
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Figure5・1：ScreenimageofexecutingRARCOM・
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language，Simultaneously，aPrOgramOfESP／CESPworks

asinteractionsinthesocietyof（句ects，behaviorofwhich

aredeterminedbyaxiomsdefinedinclassesinvolvingthe

O毎ects・Ⅰnthislanguage，Classesarealsoconsideredas

O毎ects，thatis，ClassesinCESPhaveslotsaIldmethods

torepresentthenatureofthem．Thesystememploysthe

CESPlanguageforprogramm1ngtheknowledgebases・

BasicsyntaxofCESPisexplainedinAppendixA．

2．Environmentalsciencefeatures

●TIleSyStemdealswithanenvironmentalriskproblem．

●Thesystemsupportsriskassessmentandriskcommunication．

FunCtionstosupportriskassessmentareshowninChap－

ter2．Ⅰn particular，the system has scenario analysis

function that enableusers to simulateexposure situa－

tionsin various conditions based on scenarios．Detailed

discussion aboutitis shownin Section5．2．1．0n the

Otherhand，thesystemhasgraphicalandinteractiveuser

interfaceand consultationfunctiontosupportriskcom－

munication．Thefbrmeris as discussedbefore．Detailed

discussion aboutthelatteris showninSection5．2．2．

．Knowledgebaseinthesystemholdsknowledgethatisbasedon

theHIstepandtheDRAsteplnriskassessment，andholdsthe

Objectmodelofurbanwaternetwork．

・TheobjectmodelisbasedonAkiyamalAkiya891．

・Thesystemcansimulatebehaviorofthenetworkontheobject

model．
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ThesystemisconstruCtedbyoqiecisshowninFigure5・2・Detailedac－

COuntOfmaino毎ecisisglVenbelow．

1．Classo毎ecfrarcom

The o毎ectmanages allo毎ectsin theRARCOM．Thisin－

VOIvesadatabaseandaknowledgebasetomanagethose

O毎ects．UsersoftheRARCOMinteractprimari1ywiththe

O毎eciorinteractwiththeothero毎ectsthroughtheo毎ect．

Behaviorofthesystemisdeterminedbymessagesthatire

Sent tOthe o毎ectsffomit．Appendix B．1shows apart of

definitionoftheclasso毎ectrarcom．

2．Classo毎ecfsi血Model

Themodulemanagestheobjectmodelofurbanwaternet－

WOrk・ThisinvoIvestwokindsofknowledge，relationbetween

COmPOnentSOftIlemOdelandmethodstoexecutesimulation．

relationbetweencomponents Thisisoneofthreeparts

Ofknowledgeofthecompositeobjectmodelinthesys－

tem・TheknowledgeinvoIvesinformationrepresenting

topologyofthemodelandknowledgeabout quantita－

tiveconstraintsbetweencomponents．Whiletheknowl－

edge represent stTuCtureOfthemodel，tIleknowledge

alsoworksasraninterfacebetweenmodelcomponents，

domainknowledgebases，andbridgingrules．

methods fbrsimulation Therearetwosetofrulestoex－

ecutesimulationsontheobjectmodel．

（a）ru1esforconstraint－basedsimulationprocedure

Thefirstisarulesetrepresentingtheprocedureto
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Figure5．2：OverviewoftheRARCOM．
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SimulatebysoIvingquantitativeconstraintsassoci－

atedwiththemodel．Theprocedureto soIvesuch

constraintsis，aS Shownin Section3．4，eqllivalent

tosoIveasetofsimultaneollSequationsrepresenting

themodel．

（b）ru1esforMonteCarlosimulation

The secondisfor Monte Carlo simulation．In the

system，Monte Carlo simulationis donebyiterate

Simulationproceduresexplainedin（a）．Thisproce－

dureis shownin Section3．5．

AppendixB．3showsapartofdefinitionoftheclass o毎ect

SimHodel．

3．0bjectmodeloftheurbanwaternetwork

ThisistheobjectmodelofwaternetworkinTokyometropoli－

tan area．Themodelisrepresentedas anetwork，Whichis

ShowninFigure3．8，Ofover170instancesofcompo，theclass

Ofmodelcomponents．Datadescribedinthemodelisbased

OnObserveddatainTokyoin1987【Tokyo88a］．

Allcomponentsholdanaxiomdefiningapredicateofcom－

monname，PrOCeSS，Whichrepresentingdistinctbehaviorof

eachcomponent・Usingthepredicateprocess，eaChcompo－

nentrepresentsrespectivecharacteristicsasshownbelow．

riverSegment AninstanceofriverSegnentrepresentsbe－

haviorofasegmentinriVerchannel．Whenwaternowsin

thesegmentfromtheupwardterminal，ItrunSthe且ow

throughitselftothedownwardandvariesattributesof
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thewaterfiowbyself－purificationreactionintheriVer

Channel．In themodelthe selトpurifiCation reactionis

modeledbyStreeter－PhelpsequationlHal170］・

fplant AninstanCeOffplant representsbehaviorofafi1－

trationplant．Theo毎ectintakesaconstantqllantityof

WaterflowfromariverSegmentandsupplieswaterto

anumberofcityinstancesafterpurificationtreatment．

Treatmentcapabilityofeachfplant o毎eciisdefinedon

the bases of actualtreatment recordin1987for corre－

SPOndingfi1trationplantrepOrtedbyTbkyoMetropoli－

tan Government Waterworks BureaulTbkyo88b］．The

treatmentinvoIvesprocessesoforganiccontaminantsre－

dllCtion byfi1tration，disinfection by chlorination，and

THMgenerationbroughtbychlorination，Whichismod－

eledbyequationofUrano，WadaandTakemasalUran0831．

SeWage Aninstanceofsewagerepresentsbehaviorofasewage

treatmentplant．Theo毎ectintakesaconstantquantity

Ofwastewaterfromcityo毎ectsanddischargetreated

WatertOariverSegment．TreatmeIltCaPabilityofeach

SeVageO毎ectisdefinedonthebasesofactualtreatment

recordin1987forcorrespondingsewagetreatmentplants

reportedbyTokyoMetropolitanGovernmentSewerage

Burea可Tokyo88C］．

CityAninstanceofcitycorrespondstoacity，atOwnOra

WardinTokyometropolita，narea．Eacho毎ecthastwo

kindsofinformation，1istoffplant o毎ectsthatsupply

WatertOthecityandpopulationinthecityin1987．
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basin Aninstanceofbasinrepresentsanareainwhichrain－

fal1dischargesintoacorrespondingriverSegmen七．The

O毎ecibrings to the corresponding riverSegment wa－

ter and contaminantloads that do not pass through

SeWagePlants，SuChasrainfallordomesticwastewater

thatis not treated bysewageplants．Data described

in the modelis based on observed datain Tokyoin

1987【Tokyo88a】．

AppendixB．5showspartsofdefinitionsoftheseclasses．

4・Domainknowledgebases

Thedomainknowledgebasesareanotherpartofthecom－

POSiteobjectmodel．TheseinvoIvethefo11owlng£veknowl－

edgebasesandarereferredtobycomponentsintheobject

model．

hydrologyTheknowledgebaseholdsknowledgeinhydro1－

Ogy・

WaterEnvEnglneeringTheknowledgebaseholdsknowl－

edgeinwaterenvironmentenglneerlng・

WaterWbrks Theknowledgebaseholdsknowledgeinwa－

terworksenglneerlng．

SeWageWorks TheknowledgebaseholdsknowledgelnSeWage

WOrksenglneerlng・

administration Theknowledgebaseholdsknowledgere－

1atedtomunlClpaladministration．

Eachdomainknowledgebasecontainsdefinitionofpred－

icatesandsymboIsusedinitself・Definitionofpredicatesare
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givenasaxioms．Fbrexample，Predicatefiltration（Ins，Fl，F2），

Whichrepresentsthatifstu仔Flisinputtedintoo毎ectIns，

theo毎ectoutputsstuffF2afterfi1tration，isdefinedbythe

followlngaXiominthedomainknowledgebasevaterWorks・

filtrat土on（Ins，Fl，F2）：－

：getAttr（Ins，Fl，COD，，CODL，），

：getSlot（Ins，treatmentRate，R），

：SetAttr（Ins，Fl，COD＊R，，CODL，，F2）；

It meansthat the contaminantloadofCOD－Mn，Whichis

representedbysymbol，CODL，，intheoutputstuぼF2isob－

tainedbymultiplyingtheloadofCOD－Mnintheinputstuff

Fl，WhichisstoredinvariablecoD，andtherateoffiltration

R，WhichisglVenaSthevalueofslottreatmentRateofthe

O毎ecHns．

Definition ofsymboIs areglVenbyaxiomsuslngpredi－

Catenamed dictionary．Eachaxiomdefines symbolused

indomainknowledgebasesandexplainsitssemantics．Fbr

example，thesymbol，CODL，isdefinedinthedomainknowl－

edgebasevaterworksasfollows．

dictionary（JCODL，，”kg／day．，，

一一potassinm pernanganate COnSunPtionload per day．．，

［flov，】COD一m1，］，［Flov，COD］，CODL，

m山tiply（COD，Flov，CODL））；

Thefirstargumentrepresentsthesymbol，thesecond does

theunitfortheattributerepresentedbythesymbol，andthe

thirddoesanexplanationoftheattribute．Iftheattribute
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CanbeobtainedfromcalculationuslngOtherattributesrepre－

SentedbyothersymboIs，therestoftheargumentsareused・

Inthisexample，itmeansthatifvalueoftheattributeflov

is setin variable Flov，and the attribute cOD－Mnis done

invariablecoD，theattributeJCODL，isobtainedasvalueof

thevariableCODLbyinvokingthepredicatemultiply（COD，

Flov，CODL）．

AppendixB．2showsanexampleofthedomainknowledge

bases，aPartOfdefinitionoftheclassvaterworks．

5・Classo毎ecH汀idge

The o毎ectbridgeisthelastpartofthecompositeobject

model．This o毎eciisimplementedasaclass，i．e．anaxiom

Set・Thesearesixsub－Classesofclassbridge，Whichactually

holdbridgingrules．Eachsub－Classholdsbridgingrulespar－

ticularlybetweentwoofthedomainknowledgebases・The

followlngShowsthesllb－dasses．

admin」∋eWagTheo毎eciholdsbridgingru1esbetweenad－

ministrationandsewageworksenglneerlng．

WaterE⊥WaterW The o毎eciholdsbridgingru1esbetween

WaterenVironmentenglneerlngandwaterworksenglneer－

iTlg・

SeWag－WaterE Theo毎eciholdsbridgingrulesbetweensewage

WOrksenglneerlngandwaterenvironmentenglneerlng・

admin⊥WaterWThe o毎eciholds bridgingru1es between

administrationandwaterworksenglneerlng・
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hydro＿WaterW Theo毎ectholdsbridgingrulesbetweenhy－

drologyandwaterworksenglneerlng・

hydro」；eWag Theo毎ecH101dsbridgingru1esbetweenhy－

drologyandsewageworksenglneerlng・

AppendixB．4showspartsofdefinitionsoftheclassbridge

andasub－ClassvaterE」好aterW．

6・Riskevaluator：Classo毎eciriskEvaluatOr

The o毎ectriskEvaluatOris aknowledgebasethat holds

rulestoevaluatehealthe抒ectsofcarcinogenTHM．Therules

arebasedonconsequences oftheDRA steplnrisk assess一

ment．TherulesheldintheRARCOMarebasedonWHO［WHO84】．

7・Scenariomakingsubsystem：Classo毎ectscenarioMaking

Scenariomakingsubsystemexecutessimulationontheobject

modelin conditions determined byvarious scenarios．The

O毎ectholdstemplatesofscenarios，Whicharedisplayedinthe

Windowsystemforuserstoselectandcustomizeoneofthose．

Theo毎ectdeterminesascenariothroughinteractionbetween

users，then send amessagethat requests o毎ectsiH劇odel

tosimulatealongthescenario．AppendixB．7showsapart

Ofdefinitionoftheclass o毎ectscenarioMaking．Detailed

explanationaboutthe（句ectisshowninthenextsection．

8・Mapsubsystem：Classo毎ectmap

Theo毎ectmapdisplaysgraphicallydistributionofcarcin0－

gens，COntaminants，andcarcinogenicityinTokyoonthewin－
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dowsystem．Consequencesofsimulationsorriskevaluations

Canbedispla，yedontheo毎ect．

Theseo毎ectsareorganizedinaclasshierarchyinconsistentmannerwith

relationbetweendomainknowledgebasesandcomponentsinthecomposite

object model．Namely，Whilesuper classes glVeprlmitiveaxioms thatis

inheritedbyitssub－Classes，Sub－Classes definetheirbehaviorbyuslngthe

inheritedaxioms．Figure5．3Showstheclasshierarchyoftheseo毎ecis・

5．2　CapabilitiesoftheRARCOM

5・2．l Scenarioanalysis

Thispaperdefinesthescenarioanalysisasaprocesstoche止consequences

Ofscenariosthatdetermineconditionsoralternativesa鮎ctingtheconcerned

o毎ecfbysimulatingbehavioroftheo毎ectintheconditions・TheRARCOM

hasacapabilityofscenarioanalysistosupporttheEAstepinriskassess－

ment．Inthispaper，SCenariosdetermineconditionsfortheobjectmodel，

SuChastheboundaryconditionforthemodel，ParameterSOfcomponents，

andtopologiCalrelationshipbetweencomponents．

Thescenari0analysisisexecutedbymessagessentbytheo毎ecfrarcomto

thefollowlngthreeo毎ects，SCenarioMaking，SimHodel，andriskEvaluator・

Figure5・4showsprocessesinvolvedinscenarioanalysis．

Atfirst，theo毎ectrarcomsendsamessagetotheo毎eciscenarioMaking・

Theo毎ecfscenarioMakinginteractswithusersandletsthemdeterminea

COnditionforthesimulationonthebasis ofscenariotemplates heldinthe

O毎ect・Basedonthedeterminedcondition，SCenarioMakinggeneratesmes－

SageSthatrequestsimModeltosetortochangeparametersofcomponents，
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Figure5．3：ClasshierarchyoftheRARCOM．
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Variablesdetermlnlngtheboundarycondition，OrVariablesdetermlnlngrela－

tionbetweencomponents・Thismessagesarefordefiningconditionsofthe

o毎ectbeforesimulation．Afterconditionsaresetinthemodelbythemes－

SageS？SCenarioMakingsendstosimModelanothermessagethatrequestto

executesimulation．The o毎ectsiⅡ朗odelrecelVlngthemessageexecutes a

simulationprocedureunderthedeterminedcondition．Thesimulationpro－

CedureisbasedonthealgorithmsimCompo，WhichisdiscussedinSection

3・4・ThisalgorithmisimplementedasshowninAppendixB・6・Outputof

thesimulationissenttotheo毎ectriskEvalllatOr，Whichevaluatesdistri－

butionofcarcinogenicityonthebasisoftheoutput．Finallytheconsequence

Oftheevaluationisstoredinthesystemknowledgebase・Userscandisplay

theconseqllenCeOnthewindowsystembyuslngtheo毎ecimaportheo毎ect

fordataprocesslng・Fhrthermore，ifanotherscenari00ranOtherevaluation

assumptionisconsidered，thenanothercycleofscenari0analysiswillbeex－

ecuted．

TheRARCOMcurrentlyholdsthefollowlngSCenariotemplates，bywhich

simulationconditions aredetermined．

1．0bservedconditionin1987．

Thescenariopresentsaconditionthatisactuallyobserved

inTokyoin1987．ThatisconsideredasthecontroIcondition

fortheotherscenarios．

2．Scenari00fsummer andwinter．

Seasonalchangesofcondition，SuChaswatertemperatureor

rateof月・OWinrivers，CauSeSChangesinTHMgeneration．To

estimatethechanges，theRARCOMholdsscenariotemplate

representingconditionsinsummerandinwinter．
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3．Accidentsinfi1trationplants．

Anyaccidentsinfi1trationplantsmay affect THMgenera－

tion・Theo毎ectscenarioMakingholdsthescenari00fex－

CeSSChlorineinplltinthedisinfectionprocessasoneofsuch

accidents．

4．Urbanizationinupwardareas．

E鮎ctofurbanizationinupwardareasoffi1trationplantsis

OneOfthe most controversialproblems relatedwith THM

risks．Tbestimatetheefftct，SCenarioholdsscenariosrepre－

SentinglnCreaSeOfcontaminationinupperreachofrivers・

5．2．2　Consultation

Itisthemostdi鮎rentpointofknowledge－basedsimulationswithconven－

tionalsimulationsthat simulationmodelscaninvoIvenotonlydescription

OfbehaviorandstruCtureOfthemodeledobject，but alsotheories oras－

Sumptionsunderlyinginthemodeldescription．Itmakesknowledge－based

Simulationsystemsanswerquestionslikethefo1lowlng；㍑Whythemodeldoes

SuChabehavior？竹or㍑Howtheconsequencesarederived7m Thispapercalls

thecapabilityconsuliation．

ⅠntheRARCOM，Allo毎ecisinthemodelhavetwomethods，：VhyDoneIt

and：hovDoneIt，andaslot，reference，aSimplementedfortheconsultation

CaPability・Whenthemessage：VhyDoneItissenttoano毎ectinthemodel，

themethodreturnSWhytheo毎ecidoesthepreviousbehavior，namely，infor－

mationofeventthatcausesthepreviousbehavioroftheo毎ect．Atthesame

time，Whenthemessage：hovDoneItissenttoano毎ect，themethodreturns

howthe o毎ectdoesthepreviousbehavior，namely，infomationrelatedto
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PrOCedureusedforthepreviousbehavioroftheo毎ect．Theslotreference

holdsthereferenceinformationsuchassourcesinformationformodelingthe

O毎ectandrelatedliteratures．Userscanexaminevalidityofbehaviorofthe

modelorpremisesunderlyingthemodelbyuslngthemethodsoraccesslng

theslot．

Methods：hovDoneItand：WhyDoneItisimplementedasfo1lows・First，

thereisapremisetoimplementthetwomethodsinthesystem．

Premisefbr：howDoneItand：WhyDoneIt Theknowledgesystemmust

havealogfi1einwhichthesystemrecordshistoryofmessagespasslng

during asimulation．ThehistoryinvoIvesmessagessentto o毎ecIs，

nameofo毎ectsthatreceivethemessages，andnameofo毎ecisthat

Sendthemessages．

Second，thosemethodsareimplementedbythefollowlngalgorithmson

thebasisofthepremise．

Algorithm5・1‥：WhyDoneIt Method：VhyDoneIt（Obj，Source．Mes）de－

terminesthevalueofargumentssourceandMesfromglVenObjrep－

resentingano毎ectbythefollowlngPrOCedure．

1・Retrievefromthelogfilethenewestmessagethatwassentto

O毎ectobj，andthenameofo毎ectthatsentthemessage．

2・Letsourcedenotetheretrievedo毎ectnameandletMesdoesthe

meSSage・

Algorithm5・2：‥howDoneIt（Obj，Axiom）Method：hovDoneIt（Obj，Axiom）

determinesvalueofargumentAxiomfromglVenObjrepresentinganob－

jecibythefollowlngPrOCedure．
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1．Retrievefromthelogfi1ethenewestmessagethat wassentto

O毎ecH〕bj，andLetMesdenotethemessage．

2．Callmethod：hovDoneIt（Obj，Mes，Axiom）．

Algorithm5・3：：howDoneIt（Obj，MeS，Axiom）Method

：hovDoneIt（Obj，Mes，Axiom）showsanaxiomassociatedwithmessage

Mes，Whichisdefinedino頓ctObj，aSValueofAxiom・

1．Searchanaxiomthat correspondsmessageHesfromthesource

£kofo毎ecfDbj．

2．Let Axiomdenotetheaxiom．

Fbrthermore，allo毎ectsinthemodelhavemethod：getSlot（Obj，Slot，Val），

Whichtellsvalueofslotslotino毎ectObjasreturnedvalueofvariableval・

ByuslngtIlemethod，uSerSCanObtaininformationstoredinthemodel．Fbr

example，methods：getSlot（Obj，uPVard，Val）and：getSlot（Obj，dovnvard，Val）

tellusers about o毎ectsconnectingupwardsideanddownwardsideofob－

jectDbj respectively．Users canfo110Wthedevicetopologybyuslngthose

methods・Simultaneously，method：getSlot（Obj，reference，Val）tellslit－

eraturesorotherinformationreferencedbyo毎ectObj．Userscanfindsource

informationunderlyingthemodelingbyuslngthemethod・

5・3　ExamplesofExecution

5．3．1　Examplesofsimulation

ThemodelintheRARCOMissetonthebasisofobserveddatainTbkyo

in1987・WhilealmostLallparametersinthecomponentsare，aSmentioned

inSection5・1，SetaSbehaviorofthecomponentsfittheobserveddata，the
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Figure5．5：BODinTamagawariver・
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coe伍cient ofself－Purificationin rivers，Whichis aparameter ofthe class

riverSegmentanddi伍Culttobeestimatedfromtheobserveddata，isdeter－

minedaspossiblyasthebehaviorofthewholemodelfitsthedataobserved

inriVersystems．Namely，thewholemodelis calibratedbyuslngtheob－

SerVeddatainrivers・Figure5・5showsacomparisonbetweentheobserved

data【Tbkyo88q］andestimateddatabythemodelinTa・magaWariversystem・

Meansquared－errOrOfthesedataisl・17；gOOdnessoffitoftheestimated

datafortheobserveddatacanbeconsideredasacceptable．

Simulationsin the RARCOM are executed on themodelthatis set as

Shownabove・Figure5・6（a）ShowsestimateddistributionofTHMinthe

SCenarioinwhichtheboundaryconditionforsimulations，forexample，Wa－

ter且ow atthemostllPPerreadoftheriversandwastewaterdischarged

fromthebasinsissetbyuslngObserveddatain1987・Table5・lshowsa

COmparison between the estimated THM and the observed onein several

Wards【Tbkyo88b］．Evaluationofthecomparisonisdi伍cultbecauseofthis

SmallnumberofobservedTHMdata，however，itmaysuggestthatthees－

timateofTHM bythemodelis relativelylowerthan therealvallle．It

isconsideredthatthislowerestimationispossiblybecauseofladofdata

aboutbackgroundTHMlevel・Themodelhasnodataofthebackground

THMlevel，thatis，COnCentrationlevelofnaturallyoccuredTHM，because

therearenoavailabledataofthebackgroundTHMlevelinTbkyo・However？

thisbackgroundleveldatawillbeneededtoestimatetherealconcentration

ofTHMdistribution．

Anothersimulationexampleinwhichcontaminationinupperreachof

Arakawariver，OneOfthesourceofwaterserviceinTokyo，increasesisshown

below・Thiscontaminationintheupperreachofthesourcewatercauses

increaseofcarcinogenicityindrinkingwaterinthearea・Thecausalchain
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Table5．1：Observedandestimated THMinwards．

Ward observedTHM（m釘1）　　　estimatedTHM（mgIl）
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Figure5・6：THMdistributionsin（a）observedconditionin1987and（b）

COnditioninwhichcontaminationinupperreachofArakawariverincreases

two times．
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ffomcontaminationintheupperreachtothecarcinogenicityinvoIvesseveral

processesassociatedwithdiff6rentdomainknowledge，e・g・，

・increaseofsewageintheupperreach（sewageworksengineering），

・increaseofrivercontamination（waterenvironmentengineering），

・丑owfromtheupperreachtointakepointforthefi1trationplant（hy－

drology），

・filtrationprocessandgenerationofTHM（waterworksengineering），

・CarCinogendistributionbywatersupplyinTbkyo（administration），and

・helthe鮎ctineachcityinTokyo（socialmedicine）・

The system can copewith suchproblems．Figure5・6shows the con－

SequenCeOfexposure assessment based ontheconditionin whichorganic

COntaminationintheupperreachofArakawariverincreasestwotimes．The

figureshowsthatthereishighconcentrationofTHMinTamacityorOhta

Ward，WhicharefarfromArakawariver．Theconsequence，Whichmaybe

difBculttopointoutevenforwaterserviceexperts，lSregardedbecauseof

COmPlexwatersupplynetworkinTokyo・AccordingtotheguidelineofTHM

PrOPOSedbyWHO【WHO84】，THMinTamacityorOhtawardinthiscase

Canbeconsideredasnotaproblem．However，thiscaseshowssensitivityof

thesecitiestowaterqualityofArakawariver・Itsuggeststhatadministrators

Ofdrinking－Waterinthesecitiesshouldtakecareofwaterqualityoftheriver．

AsshowninFigure5．4，basedontheconsequence，thesystemcanesti－

matecarcinogenicitydistributioninTokyo．ThatisshowninFigure5．7．
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Figure5・7：CarcinogenicitydistributioninconditionshowninFigure5・6・
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5．3．2　Anexampleofconsultation

Fhrthermore，thesystemcanhelpuserstounderstandprocessesinvoIvedin

thesimulationbytheconsultationcapability・Forexample，ifausersends

totheo毎ecirepresentingOhtawardamessage，

：getSlot（obta，uPVard，UP），

wherethe symbolohtarepresents o毎eciofOhtaward，themessagewi11

return，

UP＝［（asaka＿f，Obta〉］．

Thatrepresentsthattheo毎eciohtaconnectsaconduito毎ectiasaka⊥f，Ohta），

Whichisaconduitconnectingbetweenthe（句ectasaka＿fandtheo毎ectohta・

Moreover，iftheusersendsthefo1lowlngmeSSageStOtheo毎ectasaka－f；

：getSlot（asaka＿f，nam占，Ⅳame），

：getSlot（asaka＿f，uPVard，Intake），

thentheuserobtainsresults；

Name　＝　一IAsaka Filtration Plant●．，

Intake＝［‡arl，aSaka＿f）］．

Theresultsrepresentthattheo毎eciasaka⊥fisamodeloftheAsakaFiltra－

tionPlantandtheo毎eciconpeCtStheconduito毎ectiarl，aSakal），Which

COnneCtSarlrepresentingasegmentofArakawariverandtheo毎eciasaka－f，

atitsupwardside．Namely，Itmeansthat Ohtaward，Whichisoutsideof

thebasinofArakawariver，isdirectlysuppliedwithdrinkingwaterfromthe

AsakaFiltrationPlantthatintakessollrCeWaterfromArakawariver．

Simultaneously，ameSSage
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：getSlot（setagaya，uPVard，UP2），

retuTnS，

UP2＝［（asaka＿f，Setagayal，ikinutashita＿f，Setagaya），

（kinutaueJ，Setagayal，（misat0＿f，Setagaya），（sakai＿f，Setagayal］．

ItmeansthatSetagayaward，WhichisaneighborofOhtawardandisnot

Slgnificantlya鮎ctedbythecontaminationofthecase，issupplieddrinking－

WaterfromAsakaFiltrationPlantandotherfourfi1trationplants．．Itsug一

geststhatimpactofthecontaminationofsuppliedwaterfromAsakaFil－

tration Plantis comparativelysmallinthewardbecauseconcentrationof

thecontaminantisdecreasedbycon鮎enceofwatersuppliedfromtheother

fi1trationplants・Itmaybeconsideredthatcomplexityoftheurbanwater

networkemergesthedi鮎renceofTHMlevelbetweenOhtaandSetagaya・

Theusercanunderstandsuchsituationsbyuslngthesemethods・

Moreover，iftheusersendsamessage，

：hovDoneIt（asaka＿f，PrOCeSS（asaka＿f，U，D），Axiom），

themethodtellsthattheaxiomassociatedwiththemessageprocess（asaka＿f，U，D）

lS；

process（asaka＿f，U，D）：－

filtration（asaka＿f，U，DO），

disinfection（asakaJ，DO，Dl），

thm＿generation（asaka＿f，Dl，D）；

WhichmeanSthatwatertreatmentprocessesoffi1trationplantsinvoIvefi1－

tration，disinfection？andTHMgeneration・Moreover，theuseralsocanknow

detailedprocessinvoIvedinthn－generation byuslngmethod，
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：hovDoneIt（asakaJ，thn＿generation（asaka＿f，Fl，F2），Axiom2）・

ThismethodwillreturnthefbllowlngreSul七・

咄m＿generation（asikaJ，Fl，F2）：－

：getAttr（asaka＿f，Fl，Hnmin，hunin），

l

：getSlot（as故a＿f，fe＿Cl，Cl），

：，TmJrom＿huninJ（＃vaterEnvEngineering，Hunin，Cl，Tm），

：SetAttr（asaka＿f，Fl，Tt別，，THH，，F2）；

thm＿generation（asaka＿f，Fl，F2）：－

：getAttr（asaka－f，Fl，TOC，，TOC，），

t

：getSlot（asaka＿f，fe＿Cl，Cl），

：getSlot（asa血a＿f，pH，PH），

：getSlot（asaka＿f，tmp，THP），

：getSlot（asaka＿f，Period，T），

：，Urano＿Takemasa，（蜘aterEnvEngineering，TOC，Cl，PH，T旺P，T，THH），

：SetAttr（asaka＿f，Fl，THM，，THM，，F2）；

thm＿generation（asaka＿f，Fl，F2）：－

：getAttr（asaka＿f，Fl，CDD，｝COD－Mn，），

：bridge（＃vaterE＿WaterW，紬aterEnvEngineering，

Fl，】COD－Mn，，CDD，，TOC，．TOC），

l

：getSlot（asaka●f，fe＿Cl，Cl），

‥getSlot（asa血a＿f，pH，PH），

：getSlot（asakaJ，tmp，TMP），

：getSlot（asakaJ，period，T），

：＞Urano＿Takemasa，（紬aterEnvEngineering，TOC，Cl，PH，TMP，T，T珊），
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：SetAttr（asaka＿f，Fl，TI朋，JT王肝，F2）；

ItmeanS that therearethreeaxiomsintheknowledgebaseto determine

COnCentrationofgeneratedTHM・Intheexecutionofsimulation，theinference

mechanismwillselectoneofthemaccordingtotherun一七imeconditioninthe

knowledgebase．

It must be noted that these three axioms are defined notin the class

fplant，butin the class vaterWorks，Whichis a super－Class offplant．

ThereasonwhytheseaxiomsaJeaCCeSSedby：hovDoneItmessage－SenttO

asaka⊥f，is theinheritancerelationshipbetweenvaterworks andfplant・

The method：hovDoneIt can access these axioms because these areinher－

itedbytheclassfplant．

Asshownabove，uSerSOfthesystemcanexplorecontentsoftheknowledge

basesasdeeplyastheyneed．

5・3・3　Anexampleofthebridgingrule

Intheexampleshownabove，abridgingru1eisusedontheconduitbetween

theo毎ectarlandasaka＿王．Byuslngthebllowingmessage，theuserscan

knowthe（句ectholdingthebridgingrule（seeAppendixB・4：

：bridgeN弧e（的ridge，arl，aSika＿f，Bridge）．

Thismessagewi11returntheresult：

Bridge＝＃waterE＿VaterW，

Where＃vaterEJはterWistheo毎ectoftheclassvaterE＿VaterW，Whichisthe

knowledgebaseofthebridgingrulesbetweenwaterenvironmentenglneerlng

andwaterworksenglneerlng・

Then？themessage；
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：bovDoneIt（＃vaterE＿VaterW，

bridge（＃vaterWorks，Flux，，BOD，，Data，，COD－Mn，，COD），A3），

returnsthefo11owlngbridging rule，Whichusedintheconduit connecting

betweentheo毎eciarlandtheo毎ectasakaj．

bridge（＃vaterWorks，Flux，，BOD，，Data，JCOD－HnJ，COD）：－

CODis O．887＊Data＋5．073；

Moreover，thefo1lowlngmeSSage：

：getSlot（＃vaterE＿VaterW，reference，Ref），

returnS，

Ref　＝

”Tokyo Metropolitan Government Environmental Conservation Bureau・

（Shova62Nendo Kokyo Yoll SuiikiⅣo SuishitSu Sokutei Kekka・）

［quality of Public Waterin1987．］Tokyo Metropolitan Governmen七・

1988．

Tokyo Metropolitan Government Watervorks Burealユ．

（JigyouⅣenpo弘owa62Ⅳendo．）

［Amnual Report of the Water Service，1987．］

Tokyo Metropolitan Govemment．

1988．－㌧

WhichsuggestthatthebridgingruleshownaboveisbasedondatainvoIved

inthosetwoliteratures・Namely，uSerCaneaSilyknownotonlyhowthegaps

OVerdi鮎rentdomainsarebridged，butthesourcedataofthebridgingru1es・

Inotherwords，uSerS CaneXaminevalidityoftherules．Ifusers consider

thattheruleshouldbechangedtotheotherrulebasedondiirerentdata†
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OPeration the userhaveto dois only themodification oftherulein the

O毎ecivaterEJ柁terW．As shownabove，theexplicit representationofthe

bridgingrulesbasedonthecompositeobjectmodelenablesusertoaccess

andtoexaminetheru1es，Whichhavesofarbeenembeddedinconventional

Simulationprogramsinenvironmentalscience．
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Chapter6

Conclusions

IhavedevelopedtheRARCOM，aknOwledgesystemtosupportriskassess－

mentandriskcommunicationfortheTHMproblem．Inordertodesignthe

RARCOM，requirementsforknowledgesystemstosupportriskassessment

andriskcommunicationhavebeendiscussed．Ithasbeenpointedoutthat

knowledge－basedsimulationcanbeslgnificantlye鮎ctivetosupporttheEA

StepandtheRCstepinriskassessment．

Inparticular，tOCOpeWithinterdisciplinarynatureoftheTHMproblem，

Ihavedevelopedthecompositeobjectmodel，amOdelingframeworktodeal

Withmultipledomainknowledge・Thishameworkenablesaknowledgesys－

tem，nOtOnlytoconstruCtanObjectmodelonthebasisofmultipledomain

knowledge†buttobridgeovergapsbetweenconceptsinvoIvedinthemultiple

domains・Byuslngthecompositeobjectmodel，theRARCOMcanexecute

knowledge－basedsimulationtosupporttheEAstepandtheRCstepinrisk

assessment・Thisffameworkalsoprovidesafoundationofauserinterface

toexaminemeta－informationforthemodeling；SuChas assumptionsused

k）rthemodelingandinterpretationrulesforwaterqualityindicesbetween

multipledomains．
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There have been severalresearches，forinstance；Fbdra and Winkel－

bauerlFedra91］，FikselandCovello【Fikse87】，andKainuma，Nakamoriand

MoritalKainu91］，thataimtoconstruCtknowledgesystemstosupportenvi－

ronmentalimpactassessmentordecisionmakingforenvironmentalpolicies・

However，Only afew researches discuss theimportanceofthe simulation

functionsinenvironmentalimpactassessmentsbyutilizingknOwledgesys－

tems tounderstand phenomenain theenvironment andestimatedresults．

ThemodeltoestimateimpactsofTokyoBayDevelopmentprograms，Which

isconstructedbyKainuma，NakamoriandMoritalKainu91］，ison；ofsuch

SyStemS・This model，Which aims topredict orestimateimpacts ofvari－

OuS SCenarios，di鮎rs fromthe RARCOMinits modeling approach．The

RARCOMemploysthepostulated，namelytop－down，apPrOaChinwhidthe

modelerusestheestablishedorglVenhypotheticalknowledgeofhazardiden－

tification，dose－reSPOnSeaSSeSSment，andmodelstructureoftheurbanwater

network，aSthefoundationtomodelasetofobjectsintherealworld．The

modelofKainuma，NakamoriandMoritaemploysthediscovery，bottom－

up，aPPrOaChinwhichthemodelerconstruCtSthemodelindialogwiththe

SyStemOnthebasisofobserveddata．RARCOMdidnotemploythelat－

terapproachbecausesu伍Cientknowledgetoconstructthemodelcouldbe

Obtainedinadvance・Therearehoweverseveralcasesinriskphenomenain

Whichmechanismsandstructuresofthosearehardtoidentify．Todealwith

SuChcases，thediscoveryapproachisprobablyrequiredtoconstruCtmOd－

elsrepresentingtheriskphenomena，becauseitisdifBculttoobtainpremise

knowledgetoconstructmodelsinsuchcases．

Thereareafewproblemstobesolvedtoutilizethesysteminriskas－

SeSSmentandriskcommunicationintherealworld．First，thesystemhas

toosmallamountofdataandscenariostobeusedinactualconditions．The
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SyStemWillhavetostoremorescenariosanddatatodealWithmorevarious

COnditions．Moreover，Validityofthemodelshouldbecheckedinsuchvarious

conditions．

Second，thesystemshouldhaveauserinterfacetodealwithnaturallan－

guagesratherthanaspecificprogrammlnglanguage・AsshowninChapter2，

SyStemSSuPPOrtingriskcommunicationarerequiredtohavenaturallanguage

userinterface．Thiscapabilityisunfortunatelynotimplementedinthesys－

tem・Ifthesystemintendstobeactuallyusedbyordinarypeopleconcemed

Withtheriskproblem，thesystemshouldhavenaturallanguageinterface・It

isregardedthattheintelligeni♪oni－endlBundy841，Whichwasusedinthe

Ecoproject［Robert91］，isadequatetoimplementsuchacapability．

Third，Applicabilityofthesysteminactualsituationsshouldbeexam－

ined・Todothis，thesystemwillhavetobereviewedbyavarietyofusers；

SuChaslmunlClpaladministrators，eXPertSOfdisciplinesassociatedwiththe

riskproblem？andresidentsinTokyo・

Furthermore）ThefollowlngtWOPrOblemsshouldbetackledtoenhance

Capabilitiesofsystemssupportingriskassessmentandriskcommunication

forthefuture・First，themodelingframeworkofcompositeobjectmodel

Shouldbeappliedtoothertypesofsystems・Inthispaper，thecomposite

Objectmodelisdevelopedonthepremisethatthesystemisboundedwitha

COnStraintofcomponent－COnduitmodel．However，theotherproblemsass0－

CiatedwithmultipledomainknOwledgemaybemodeledonthebasisofthe

Othermodelingschemata．Forinstance，riskassessmentoftheozonelayer

destructionmayneedmultiplelayersmodelorthree－dimensionalmodelrep－

resentingtheatmosphere，Whicharedi鮎rfromcomponent－COnduitmodel．

Theframeworktodealwithmultipledomainknowledgeshould，therefore，

bealsoextendedtobeappliedtosuchsystems・
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Second，knowledgecompiling【Yamag92】fromdeclarativerepresentation

Ofknowledgetoproceduraloneshouldbeexplored・TheRARJCOMdeals

Withonlytheconstraintsolvinginthestaticmodel・Modelsusedinenvi－

ronmentalscienceneedsometimestodealwithdynamicbehaviorofvarious

phenomena■Ifdomainknowledgebasesholdasetofordinarydifferential

equations describingsuchbehavior，thesystemmust compilethedeclara－

tiveknowledgerepresentingtheseequationsintotheproceduralknowledge

fornumericalanalysis to complユtebehaviorofvariables．Suchknowledge

COmpilingmayincludeprocessesofformulamanipulation．

Itisconsideredthattherewillbetwofuturedirections女）llowlngthisre－

SearCh・Thefirstisorganizationandintegrationofenvironmentaldomain

knowledgebases．ThesecondistodevelopanapproachtoverylaryekTWWl－

edgebases（VLKB）fromtherealworldproblems．

Thefirstisassociatedwithanenvironmentalscientificaspectofthefuture

directions・Asshowninthispaper，domainknowledgebasesinthecomposite

Objectmodelcanworkas repositoriesofmodel－independentandproblem－

independentknowledgeinvariousdomains・Therefore，enVironmentalsci－

entistscanorganizeandintegrateknOwledgeindisciplinesinenvironmental

SCiencebyuslngthemodelingframework・Suchenvironmentalknowledge

bases canbeutilizedtosoIvevariousenvironmentalproblemsin different

conditionsoftherealworld．

TheotherisrelatedtotheknowledgeenglneerlngaSPeCt・VLKBresearch

isaprogresslngfieldinknowledgeenglneerlng．ThisaimstoconstruCtmu1－

tipurposeandreusableknOwledgebasesholdinglargenurhberofandavar

rietyofordinaryknowledge，1ikeencyclopedias，andtomaketheknowledge

basesfoundationsofvariousproblemsoIving．ThoughSeveralresearchesare

being donerelatedto VLKB on thebasis ofseed technologiesinknowl－
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edgeengineering［Lenat90，Yokoi90，Miki93］，therearefewresearchesbased

OnneedstosoIveactualproblemsbyuslngVLKB・Ontheotherhand，the

RARCOM？Whichhasnotstored㍍verylarge叩knowledgebases，isasystemto

SOlvearealworldproblembyuslngmultipurposeandproblem－independent

knowledgebases，WhichcanberegardedaspartsofVLKB・Itisconsidered

thatbothapproachestoVLKBffomtheseedsandtheneedswillcomplement

eachother．Therefore，SuChresearchesastheRARCOM，Whichtakethelat－

terapproaches，Willbecomeslgnificantfactorsforafuturedevelopmentof

VLKBs．
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AppendixA

BasicsyntaxofCommon
ESP

ThisappendixshowsthebasicsyntaxoftheCommonESPlanguage・

．ProgramsinCommonESPisdefinedasasetofclassdefinitions・

・Basicpartofclassdefinitionisdescribedbythefollowlngform‥

class以class nameM

has〃inheritanCe declaration対

日classslot definitionsH

以classmethod definitions乃

instance

引instanceslot definitionsM

“instancemethod de重nitionsH

local

“localpredicatedefinitions”

end．

where

－“Classname”istheidentifieroftheclass，

－“inheritancedeclaration”declaressuper－Classesoftheclass，

－“Classslotdefinitions”and“classmethodde丘nitions舛defineslotsand

methodsoftheclassasan o好eci，
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－　㌫instance slot definitions，，and“instance method definitionsM define

Slotsandmethodsofinstancesoftheclass，and

－“localpredicatedefinitions”defineslocalpredicatesthatareusedby

Onlymethodsandpredicatesdefinedinthisclassdefinition．

・“Inheritancedeclaration”isdescribedasthefollowlng：

natnre“supeトClasses”；

Where“super－Classes”istheidentifierofsuper－Classorasequenceofthe

identifiersofsuper－Classesoftheclass．

●　Bothαclassslot definitions〃and“instanceslot definitionsわare described

bythesameform：

attribnteAl，A2，A3，…；

COmpOnentC－1，C2，Cも，…；

WhereAiisadefinitionofanattributeslotthatcanbereferedbyo毎ecis

Ofotherclasses，andClisadefinitionofacomponentslotthatisaccessed

byonlyobjecisintheclass．BothAiandqaredescribedbythefollowlng
brm：

以slot name沖

“slotname乃：：＝“initialvalue舛

Where以slotname卵istheidentifieroftheslot，and以initialvalue乃isinitial

Valueoftheslotthatissetatthestart－uptimeofthisprogram・

●Both“classmethoddefinitions”and“instancemethoddefinitionsV consist

OfasetofdefinitionofmethodsbasedonProlog－likesyntax・Definition

Ofamethodisdescribedasthefollowlngform：

：“methodname”（Argl，Ar92，Ar93，．‥）：－“body”；

Where“methodname”isthefunctortoidentifythemethod，Argiisthe

argumentofthemethod，and ubody乃isasequenceofmessagesto cal1

methodsandpredicatecalls・ThefirstargumentAr91rePreSentSthedes－

tinationobjecitowhichthemessagetocallthemethodissent．

・“Localpredicatedefinitions”alsoconsistofasetofdefinitionofclauses

basedon Prolog－likesyntax．Definitionofaclauseis described asthe

followlngform：

“predicatename”（Argl，Ar92，Arg3，…）：－“body”；

Where“predicatename”isthefunctortoidentifythepredicate，Argiis

theargumentofthepredicate，and以body乃isasequenceofmessagesto

Callmethodsandpredicatecalls．
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●Argumentsofmethodsand predicatesofwhich thefirst characteris a

Capitalletterarevariables．

●Aclasso毎ecithatisidentifiedbyIDisrepresentedas＃ID．

・Contentsputbetween’／＊’and，＊／’，andonesappearingafter’％’inlines

areregardedascomments，namely，thesearenotinvoIvedintheprogram．

Thisexplanationomitsdetailsofthesyntax．See【AIR91］toknowprecise

SyntaXOftheCommOnESPlanguage．
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AppendixB

Source code ofthe

RARCOM

ThisappendixshowsthesourcecodeofmainpartsoftheRARCOM，Whichare

describedbyuslngtheCommonESPlanguage・Contentsofthisappendixisas
listedbelow：

●　Classrarcom

・aClassofdomainknowledgebase：WaterWorks

●　ClaSS SimHodel

●Classesrelatedtothebridgingrules

－Cla8Sbridge

－aSub－ClaSSOfbridge：WaterE⊥WaterW

・Classesofmodelcomponents

－ClaSSfplant

－ClaSSS印ag8

－Cla5SCity

－　Classbasin

－ClassriverSegment

●Classescompoandcondnit

－Classcompo

－Class conduit

●ClassscenarioHaking
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B．l Class rarcom

／＊

Class rarcom（part）

This class object vorks as aninterねCe betveen uSerS md the RARCOH・

Tbis manages all objectsinvolvedin tbo RARCD宮・

＊／

ClaSS rarCOm Witb●maCrO rarCOmPred bas

natnre rarcomObject；

attribnte X SlotS

COmment：＝

●一Tbis class object vorks as aninterfaco betWeen nSerS and tbe RARCO抵・

nis maLnageS all objectsinvolvedin the RARCロH・’l，

ObjectI）omain：＝●－E vv ronmental Risk Assessment一一，

ObjectArea：＝　■■Tokyo Hetropolitan Area■●，

mapData：＝‖／bome／ecopolis／maeda／rarcom／map＿data／日，

さimnlationHodel：＝　SimHodel，

XIDs of objectsinvolved土n tbe system

SCenarioⅡakingTo01：こきCenarioHa血ing，

mapOfArea：＝map，

database：＝StOrage，

（tooIs：＝L：t

：Create（＃1istJndex，L），

：add＿at（L

：add＿at（L

：add＿at（L

STool，Statistics），

nemacsToo1，8ditor），

SnapSbot，bardcopy））；

％Hetbods

％エnitialiZing rontine

：init（Cl）：－

：まprint重くCl，Stdont，一一エnitializing Tbe Hodel・＼n一一，口），

initialiZeHodel（classObj（Cl！simnlationHodel）），

：fprintf（Cl，Stdout，”InitialiZing The H叩＼n．1，口），

initializeHap（classObj（Cl！mapOfArea））．

：fprintf（Cl，Stdout，HInitialiZed．＼n－1，［］），！；

％Kain proce血re
：mn（Cl）：－

CheckTheHodel（classObj（Cl！simulationModel）），

CbeckTbeHap（classObj（Cl！mapOfArea）），

‥m（classObj（Cl！scenarioHikingTool））；

：eX土t（Cl）：－

：eXit（classObj（Cl！scenarioHakingTool）），

：eXit（class口bj（Cl！mapDfArea）），
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：Close（Cl！stdouも），

：Close（Cl！stderr），！；

：initializeHodel（Cl）：－

：fprintまくCl，Stdont，HInitializing Tbe Hodel・＼nI－，口），

土nit土aliヱe軋odel（classObj（Cl！simnlation且odel）），

：fprintf（Cl，Stdout，HIn土tialiZed．＼n■●，［］），！；

：CもeckTbeHodel（Cl）：－

CbeckTbe鮎del（claSSObj（Cl！simulationHodel））；

：bridgingRnles（Cl，Bridge）：－

bridge（BエD），

：get＿ClaSS＿Object（＃1ibrary，BID，Bridge）；

％

10Cal

initialiZe斑odel（祇odel）：－

not（：empty（Hod81！modelComponents）），！，

：initializeHodel（Hodel）；

initialiZeItodel（Hodel）：－

：generateHodel（Ⅳodel），！；

in土tializeItap（map）：－

：initializQCoordinates（Hap），！；

X classes of Bridging Rllles

bridge（adminJeWag）；

bridge（waterE＿WaterW）；

bridge（SeWag＿WaterE

bridge（admin＿WaterW

bridge（bydro＿甘誠erW

bridge（bydroJeVag）；
％　　　　‥．

end．
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B・2　ADomainKnowledgeBase：WaterWorks

ThissectionshowsapartofdefinitionofadomainknowledgebasevatcrWorks，
Whichholdsknowledgeofwaterworksenglneerlng．

／＊

Clas50f Watervorks Eng土neering（part）

＊／

Class　■WaterWorks bas

nature domain；

instance

attribnte ％Slots torinstanceS0f tbe class．

COmment：＝HClas50f waterworkS englneering●t，

reference：＝　…－，

treatmentRate；

X　　　．‥

％

：董iltration（Ins，Fl，F2）：－

filtration（Ins，Fl，F2）；

X Rate of filtration．

Ⅱetbods．

：disinfection（Ins，Fl，F2）：－

disinfection（工nS，Fl，F2）；

：tbm＿generation（工ns，Fl，F2）：一

七九皿＿generation（Ins，Fl，F2）；

％Terminologyintorface・

：dictionary（Ins，∬弧e，Unit，Explanation，Fro血ⅣmeS，FromList，Data，Pred）：－

dictionary（Nane，Uzlit．Explanation，FromⅣanes，FromList，Data，Pred）；

％Aliases．

：aliaS（Ins，Alias，Ⅳame）：－

aliaS（Alias，Ⅳame）；

X wat8r qnalityindices nsedin tbe domain・

：Waterqnality（Ins，Attr）：－

Waterqnality（Attr）；

X　　　．‥

local ％Local predicates・

％filtration（Instance of坤1ant，Inpnt，OutPut）
X A model oゴ出1tration proceSS．

filtration（Ins，Fl，F2）：－

：getAttr（Ins，Fl，COD，，CODL，），
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：getSlot（Ins，treatmentRate，R），

：SetAttr（InS，Fl，COD＊R，，CDDL，，F2）；

％didnfection（Instance，Inpnt，mtpnt）

X A model of disinfection proceSS．

disinfection（Ins，Fl，F2）：－

Cblorination（Ins，Fl，F2）；

X tbm＿generation（Instance，エnp雨，Ontput）

％　　A model oまtribalomethme generation・

tbm＿generation（Ins，Fl，F2）：－

：getAttr（Ins，Fl，伽min，上皿m土n），
l

：getSlot（Ins，fe＿Cl，Cl），

：，TEHJrom＿hnmin，（軸aterEnvEngineering，伽mizl，Cl，TEH），

：SetAttr（Ins，Fl，Tmh，TEH，，F2）；

thm＿generation（エns，Fl，F2）：－

：getAttr（Ins，Fl，TOC，，TOC，），
I

：getSlot（InS，董卓＿Cl，Cl），

：getSlot（工ns，pE，聞），

：getSlot（InS，tmp，THP），

：getSlot（工ns，period，T），

：1Urano＿Takemasa，（＃vaterEnvEngineering，TOC，Cl．PX，THP，T．TEH），

：SetAttr（Ins，Fl，T封h，TE即，F2）；

tbm＿generation（Ins，Fl，F2）：－

：getAttr（Ins，Fl，COD，，COD一班n，），

：bridge（＃vaterE＿WaterW，軸aterEnvEngineering，

Fl，，COD－Ⅱn，，COD，，TOC，，TDC）．

l

：getSlot（Ins，fe－Cl，Cl），

：getSlot（InS，pE，聞），
：getSlot（Ins，tmp，THP），

：getSlot（Ins，period，T），

：，Urano＿Takemasa，（＃vaterEnvEngineering，TOC，Cl，PE，THP，T，TEH），

：SetAttr（Ins，Fl．T且町，，T即，，F2）；

％dictionary（N弧e．Unit，ExplaLnation，FromNanes．FromList，Data，Pred）

％　Ⅰ董value of attrihte，Ⅳame，iS determined by otber attributes，

1　，Pred，represents form deteminlg the value，1FromⅣanes，does

％　1ist of attributes usedin the form，，FromList，doeslist of variab185

％　　correSpOnding to tbe attribnteS，md，Data，doeS tbe obtained value．

dictionary（ゴlov，l110e3mA3／day．■，”rate of flow．．，［］，［］，F，F）；

dictionary（，CロD一Xn，，Hmg／1日，■■potaSShmpemanganate consⅦ呼tion一一，

［fl叩，，CODL，］，［Flow，CODL］，CロD，divide（CODL，Flow，COD））；
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dictionary（，CODL，，Hkg／day●－，Hpotass山mpermanganate consⅧptionloadper dayH，

［flov，，CロD一光n，コ，［Flow，CODコ，CODL，mnltiply（COD，Flov，CODL））；

dictionary（treatmentRate，IM，．．aVerage filtrationrate．1，D，口，Data，Data）；
X

X alias（Alias，Ⅳa皿e）

alias（organic，，COD－Hn，）；

X vaterqnality（∬ame

Waterqnality（，CODL，

X

end．

）

　

）
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B．3　Class simModel

／＊

Class simHodel（part）

＊／

Class simHod81bas

natnre rarCOmDbject；

attribnte

■tTbis class objectinvolves boW1edge representing：

（1）relationbetween componentS，and

（2）metbods for sim1ation．一一，

X Database for model components．

（modelComponents：＝IB：一：Cr8atO（＃1iStJndex，DB））；

％Hetbods．
り
ん
　
り
八
　
り
ん
り
∧

sim（Cl）

Simuiating exposure situation，Evaluating caLrCinogenicity，

and storing conse甲enCeS Of Simnlation and evalnationin

tbe knowledge baSe．

：Sim（Cl）：－

：Clear（＃condnit），

Sim（all），

evalRisk（allCities），

StOre（all），

Cl！SimStatus：＝done，！；

：Sim（Cl，Ⅵlere）：－

：Clear（＃condt止t），

：n印Table（＃StOrage，∬），

Sim（Ⅵlere），

evalRisk（Wbere），

StOre（all），

Cl！SimStatns：＝done，！；

：mOdelComponent（Cl，CompoID，Class．Obj）：－

modelComponent（CompoID，Class．Dbj）；

：COmpOnentエD（Cl，ID，Dbj）：－

COmpOnent工D（ID，Obj）；

：ObjectAttrs（Cl，Id，Attrs）：一

〇bjectAttrs（Id，Attrs）；
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COnneCt（Cl，Upper，Lover

COnneCt（Upper，Lower

）

　

）

：floWRate（Cl，Fl，F2，FloverF2）：一

重10WRate（Fl，F2，Floverf－2）；

：fixedFlow（Cl，fU，D），Flow）：一

重ixedFlow（tV，DI，Flov）；

：COn董1ⅦenCeRate（Cl，Ux，D，Rate）：－

conf1nenceRate（VX，D，Rate）；

：rel（Cl，R81ation）：－rel（Relation）；

local

X procednreS

Sim（all）：－

repeat，

（

modelCo叩Onent（Component，Class，ロbj），

：SimCompo（Obj，0厄t），

tme）；
sim（allCities）：－

repeat，

（

modelComponent（Component，City，Dbj），

：SimCompo（ロbj，Out），

fail；

tme）；
sim（Wbere）：－

COmpOnentID（Ⅵlere，Obj），

：SimCompo（Obj，OWbere），！；

evalRisk（all）：－

repeat，

（

modelComponent（Component，Class，Obj），

：eValRisk（＃r土skEvahator，Obj，Carcinogenicity），

まail；

tme）；

evalRisk（allCitieS）：－

repeat，

（
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modelComponent（Component，City，Obj），

：eValRisk（＃riskEvahator，Dbj，Carcinogenicity），

fail；

tme）；
evalRisk（Wbere）：一

：eValRisk（＃riskEvaluator．Vhere．Carcinogenicity）．！；

StOre（all）：－

repeat，

（

modelComponent（Component，City，Obj），

：StOre（Obj），

fail；

tme）；

modelComponent（CompoID，Class．Obj）‥－

modelComponent（CompoID．Ciass），

COmpOnentエD（CompoエD，Obj）；

COmpOnentID（ID，Dbj）：－

objectID（＃出血Kodel！modelComponents，ID，Dbj），！；

ObjectID（DB，ID，Obj）：－

：get＿at（DB，Obj，ID），！；

ObjectID（DB，ID，Obj）ニー

：get＿COntents＿W土tLkey（DB，DBList），

：mehber（軌tility，（ロbj，ID），DBList），！；

Set80nnderyCond土tions：－

repeat，

（bounderyCondition（Id，F，BC），

COmpOnentID（Id，Obj），

：5etCondit土ons（Obj，F，BC），

董ail；

tme），
I・

initializeParameterS：－

repeat，

（objectAttrs（Id，AttrList），

COmpOnentID（Id，Obj），

：SetSlot（Obj．status，yet），

：SetObjectAttrs（Obj．AttrList），

fail；

tme），
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l・

％componentI）atabase

％

modelComponent（

modelComponent（

modelComponent（

％　　日．

modelComponent（

mod81Component（

modelComponent（

％

modelComponent（

modelComponent（

％　　‥．

modelComponent（

mo加lComponent（

modelComponent（

X

mo加lComponent（

modelComponent（

modelComponent（

％

arO，riverSegment

arl，riverSegment

ar2，riverSegment

b＿arl，basin

b＿ar2，basin

b＿ar3，basin

asikaJ，まplant）；

misono＿ま，まplant）；

kosuge＿5，5印age）；

kitatamaLS，Se甘agO

tamagawaコ＿5，5eWage

Cbiyoda，City）；

Obta，City）；

tama，City）；

●
　
一
　
　
　
●
一
■

）

　

）

X Arakawa

％Arakava

％

％Object Attribntes

l objectAttrs（Id，Attrs）；

X

objectAttrs（arO，［（nane，．．Arakava－0．1），tstatus．donel］）；

objectAttrs（arl，［‡nane，．lArakawa－lHI，（nⅧber，326）．（length．8・07］）；

objectAttrs（旺2，［tname，HArakawa－2つ，tnnmber，327L tlent地，24・1）］）

ObjectAttr＄（b＿arl，

［tname，HAr；血awa－l BasinH），ttreatrate，0．423），

（popnlation，65549）］）；

ObjectAttrs（b＿ar2，

［（naLne，■tArakawa－2Basin．．），ttreatrate，0．7581，

tpopnlat on，374473〉］）；

ObjectAttr＄（asakaJ，

［fname，HAsaka Filtration PlantI．），（ntmber．101），

・払aSFixedFlov，yeS），（fixedFlow，1091．9），
tfe＿Cl，1・1），itmp，16．2），tpE，7．01，‡period，7・4）］）；

ObjectAttrsくcbiyoda，［tname，一一Cbiyoda●つ，tnunber，1），

（popnlation，53349），tarea，11．52〉コ）；

％　　‥．

笑connect（Upper，Lower）
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conneCt（aro，arl）；

connect（arl，ar2）；

connect（arl，aSakaJ）；
connect（arl，m土sono＿ゴ）；

COnneCt（asakaJ，C山yoda）；
connect（aSakaJ，Cbon加）；
connect（as∈血aJ，C血ta）；

COnneCt（b＿arl，arl

COnneCt（b＿ar2，ar2

COnneCt（kosnge＿S，ar3）；

connect（misono＿ま，itabasbi）；

connect（misonoJ，kita）；
X

X fixedFl叩（tU，D），Flov）；

出ⅩedFlow（tkoSnge＿鞍，8∬3），107・0）；

出XedFlow（仕05nge＿S，ay3），62・1）；
X

fixedFlow（（U，D），FloW）：－

COmpOnentID（D，Dbj），

：getSlot（Obj，hasFixedFlow，yeS），！，

：getSlot（Obj，まixedFlov，Flov）；

X bou通ery Conditions如r simnlationS

bonnderyCondition（edO dFlⅧ，［（516乱丁，flo直，（2・600，，BOD，Iコ

bonnderyCondition（址0，dFlnx，［（2586．7，まloめ，（5・700，，BOD，‡］

bonnderyCondition（ayo，dFl㍊，［（593．1，flow），（26・00，，BOD，‡コ）；

X　　‥．

X confhenceRate印pper，Conflnent point，Rat8）
COnゴ1nenCeRate（

conflnenceRate（

conf1nenceRate（

COn董luenCeRate（

conf1nenceRate（

COnま1nenceRate（

conゴluenceRate（

conf1℃enceRate（

COn董1nenceRate（

％　　‥．

aSakaJ，Cbiyoda，0．8）；
asakaJ，Obta，0．8）；
asikaJ，5etagaya，0・2）；
asakaJ，Sbihya，0．2）；
asakaJ，mginami，0．2）；
asakaJ，血on加，1．0）；

as濾a＿王，雪肌a，1・0）；

misonoJ，klta，0．5）；
misonoJ，itabasbi，0．8）；

X floWRate（Fl，F2，FloverF2）

flowRate（（nk3，nk4），tnk3，5nl），1．0）；

％
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X rel（Relation）

rel（riverSystem（，Edogawa，，［edO．edl，ed2，ed3，ed4，Cd5］））；

rel（riverSyStem（，ArakaWa，，［ば0，8∬1，旺2，旺3，ar4］））；

rel（riverSystem（，Tamagava，，【tmo．tml，tm2，tm3．tm4，tm5，tm6．tm7，tm8，tm9］））；

X

end．
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B・4　Classesrelatedtothebridgingrules

Thissection shows apart ofthe classbridge and the classvaterEJWaterV，

Whichisasub－Classofbridge．

B・4・l Classbridge

／＊

Class bridge（part）：kno瓜edge baSe Of bridging mles・

＊／

Class bridge bas

natnre rarcomObject；

attribnte X SlotS．

COmmnetS：＝

HTbis class object manages all bridging mleS nSedin t加SyStem・

Wben tbis object receives a message to call a bridging mle，

it selects a Snb－Class o董it tbat actnally bol由an appropriate

bridging mle，and reqnestS tbe sub－Class to bridge．■●，

domainl，domain2； ％工D of domain knowledge bases・

X H8thods．

：bridgeGap（Cl，Up，Do甘n，UFlux，SoIved）：－1Bridging a flov data．

SOIveAttr（Up，DoWn，UFlux，UFlux，SoIved）；

X Bridging byinterpretation mleS・

：bridge（Cl，Destination，Flux，Attr，Data，A2，D2）：－

bridge（Cl．Destination，Flux．Attr，Data，A2，D2）；

：bridgeⅣane（Cl，Objl，Obj2，Bridge）：－　　1specifying a如b－Class of

bridgeName（Cl，Objl，ロbj2．Bridge）；　％the ciass bridge

local

SOIveAttr（Up，Down，UFlux．［tData，Attr）JAttrSコ，［fData，Attr）IsoIved］）：－

：dictionary（Down，Attr，＿，＿，＿，＿，＿，＿），！，

SOIveAttr（Up，Down．UFlux，Attrs，Soived）；

SOIveAttr（Up，Down，UFitu．［〈Data，AttrllAttrs］，［tData2，Attr2）lsoIvedコ）：－

：domaihⅣane（＃domain，Up，UDom），　　　　　　X Using

：domain∬弧e（＃domain，Dom，DDom），　　　　　Xinterpretat土on mles．

bridgeOverDomaims（＃bridge，Ⅵ）om，DDom，BⅣam），

bridge（B刊am，DDom，UTlnx，Attr，Data，Attr2，Data2），！，

SOlveAttr（Up，Dovn，UFlux，Attrs，SoIved）；
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soIveAttr（Up，Down，UFlux，［fData，AttrlIAttrsコ，［（Data，AttrJ．soIved］）‥－

SOlveAttr（Up，Dom，Unnx，AttrS，Solved），！；　X Deゴanlt mle・

501veAttr（Up，Down，UFlnx，口，口）；

bridge∬ame（Cl，Dbjl，Dbj2，Bridge）：－

domain＿ClasS（Dbj ，

l

domain－ClasS（ロbj2，

＿

■

　

　

　

　

＿

－

）

　

）

1

　

2

m
 
m

O

 

O

D
 
D

bridgeOverDomainS（Cl，Doml，Dom2，Bridge）；

bridgeOVerDomains（Cl，Doml，Dom2，Bridge）：－

（：iS＿Class（Doml），ロbjl＝Doml；

％Searcbing

％a snb－Class of bridge・

％SearCbing

：get＿ClaSS＿Object（＃1ibrary，Doml，Objl）），％a sdb－Class of bridge

（：is＿ClaSS（Dom2），Obj2＝Dom2；　　　　　　％ゴrom given two domain

：get＿Class＿Object（＃library．Dom2，Obj2）），X objects・

：bridgingRn185（＃rarcom，Bridge），

bridgeOfDomains（Bridge，Objl，Obj2）；

domain＿Class（Obj，Dom）：－

Object（Obj，SiZ：e，ObjDesc），！，

‥donain∬ame（Dbj，Dom）；

domain＿Class（CエD，Dom）：－

：COmpOnentエD（＃simHodel，ID，Obj），！，

：domainⅣame（Dbj，Dom）；

domain＿Class（DID，Dom）：－

：get＿Class＿Object（＃1ibrary，D工D，CIs），

：domain∬ame（CIs，Dom）；

bridgeOfDomains（Bridge，Doml， 2mOn
】

getSlot（Bridge，domainl，DIDl ■
－

）

　

）

ClasS＿name（Doml，DIDl），

getSlot（Bridge，doma土n2，DID2），

Class＿name（pom2，DID2）；

bridge8fDomains（Bridge，Doml，

：getSlot（Br土dge，domain2， ’

）

　

ヽ

ノ

2
　
1

m
 
D

O
 
T
⊥

D
 
n
】

：Class＿name（Doml，DIDl），

：getSlot（Bridge，domainl，D工D2），

：Class＿na皿e（Dom2，DID2）；

％　　‥．

end．

B．4．2　Class waterE＿VaterW

V
ハ
り
ん
γ
川

％Ⅰf ObjiS an Object，

X elSeif CIDis a componentID，

％elseif DIDis a classID‥，

Vater enV土ronment englneering一一甘aterWOrks englneering
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Class vaterE＿VaterW has

natnre bridge；

attribnte

COmment：＝

HClass object o董bridging between

Water enV土ronment englneering and vaterWOrks englneering■t，

reference：＝

”TokyoⅡetropolitan Governmモnt Environmental Conservation Bnrean・

fSbowa62∬endo Xokyo Yon SuiikiⅣo S心血itsn Sokntei Xekka・〉

［恥ality of hblic Waterin1987．］Tokyo Xetropoutan Government・1988・

Tokyo Hetropolitan Government WaterworkS Bnreau．

（JigyonⅣenpo ShoWa62Ⅳendo．）

lAmllal Report of the Water Service，1987．］Tokyo Hetropolitan Governmezlt．

1988．■●，

domainl：＝WaterEnvEngineering，

domain2：＝WaterWorks；

：bridge（Cl，Destination，Flnx，Attr，Data，A2，D2）：－

bridge（Destination，FitLX．Attr，Data，A2，D2）；

local

bridge（軸aterWorks，Flux．，BODL㌧Data，，CDDL，，D2）：－

：getAttr（＃vaterEnvEzlgineering，Flux，□D，，BDD，），

bridge（＃WaterWorks．Flux．，BロD，，BOD，，CDD－Hn，，CロD），

：member（＃utility，tF，flow），Flnx），

D2is COD＊F；

bridge（軸aterWorks，Flux，，BOD，，Data，，COD－H血，，COD）：－

CODis O・887＊Data十5・073；

bridge（軸aterEnvEngineer土ng，Fl悦，，CロDL，，Data，，BODL，，D2）：－

：getAttr（伽aterWorks，Flnx，CロD，，COⅠ）－Ⅱn，），

bridge（＃vaterEnvEngineering，Flux，，COD－Hn，，COD，，BOD，，BOD），

：me血ber（軸tility，tF，flowI，Flnx），
D2is BOD＊F；

bridge（軸aterEnvEngineering，Flnx，，COD一触，，Data，，BOD，，BOD）：一

80DOis O・810＊Data－1・794，

（BODO＝＜0．0，80D＝0．0；BOD＝即DO）；

bridge（軸aterEnvEngineering，Flux，，CODL，，Data，，TOCL，，D2）：－
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：gOtAttr（＃甘aterWorks，Fln又，COD，，COD一Xn，），

bridge（＃vatcrEnvEngineering，Flnx，，COD－Mn，，COD，，TロC，・TOC），

：member（批tility，tF，まlow），Flnx），

D2is TOC＊　F；

bridge（蜘aterEnvEhgineering．Flux，，COD一肋，，Data，，TOC，，TOC）：－

TOCis O．545　＊Data＋1．227；

end．
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B．5　Modelcomponents

Thissectionshowsfivesub－Cla点SeSOfcompo，thatis，fplant，SeVage，City，

basin，andriverSegment，Whichdefinebehaviorofcomponentsoftheurban

water network model．

B・5・l Classfplant

／＊

＊Class of Filtration Plant（part）

＊／

ClaSS fplant bas

natnre compo，WaterWorks；

instanco

attribu．te X SlotS forinstances．

COmment：＝●■班Odel of filtration plants・●■，

re董erence：＝

一一Tokyo Hetropolitan Govement WaterWOrks Bnrean．

tJigyon貼叩O Sbowa62封endo．‡［Amal Report oまtbe Water Service，1987．］

TokyoⅡetropol土tan Government．1988．●－，

fe＿Cl　：＝0，　　　　％　　free efficient cblorine（mg／1）

pE　　：＝7・0，　　　％　　pH

tnp　　：＝15・0，　　％　　temperature（degs Celsius）

period：＝0，　　　　％　　filtration p8riod（bour）

treatmentRate：：0・5；X treatment rate for organic matters（BOD）

●　　●　　●

：prOCeSS（Ins）：一　　　　　％Hetbods．

getFlnx（Ins，nFlnx，Ⅴ），

process（Ins，U，D），

SetFlnx（エns，dFlux，D）；

local ％Local predicateS．

process（Ins，U，D2）：－

：filtration（Ins，U，DO

：disinfection（Ins，DO， ’

）

一

　

l

）

　

D

：tbm＿generation（Ins，Dl，

●　　■　　●

）つ
】
D
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B．5・2　Classsevage

／＊

＊Class of Se甘age WorkS（p旺t）

＊／

Class se甘age甘itLmaCrO rarCOmPred bas

natnre COmpO，Se甘ageWorks；

土nStance

attribnte

COmmCnt：＝ItHodel o董sewage treatment plaLntS・■一，

reference：芸

”Tokyo Hetropol土tan Govement SeWerage Bnreau・

tTokyo To Ges厄donJigyonⅣe叩O Sbowa62封endo・I

［Annnal Report of tbe Sewerage ServiceinToky0，1987・］

Tokyo Hetropol土tan Goven皿ent・1988・“，

maxflo甘：＝0．0，　　　　％maximu皿flow（10e3m《3／day）

maェload：＝0．0，　　　％maximmload（BOD）（kg／day）

treatmentRate：＝0．0，％mean treatment rate

Cities；　　　　　　　％treatment cities

：prOCeSS（InS）：一

getFluエ（工ns，nFlnx，U），

procesS（Ins，U，D），

＄etFlnx（Ins，dFlnx，か）；

％Data SaVedin tbe StOrage Object・

：SaVingData（エnS，Attr）：－

SaVingData（Attr）；

％

local

process（Ins，U，D）

：getAttr（Ins，U，BODL，，BODL，），

‥getAttr（Ins，U，q，fl叩），

：gQtSlot（Ins，maXflow，肝），
：CbeckOver董low（Ins，HF，BODL，q，RealLoad，DverLoad），

‥getSlot（Ins，maXload，HL），

：getSlot（Ins，treatmentRate，HTR），

：treatment（Ins，HL，HTR，RealLoad，Treated），

：SetAttr（Ins，U．Treated＋OverLoad，，BロDL，，D）；

XData savedin tbe StOrage．

SaVingData（flov）；

SaVingData（，BOD，）；
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SaVingData（，TfM，）；

end．

B・5・3　Classcity

／＊

＊Class of cities，tOWnS and vards（part）

＊／

Class city Witb＿maCrO rarCOhPred baS

nature compo，administration；

instance

attribnte

COmment：＝　HHodel o董　cities，tOWnS and wards．日，

reference：＝

‖TokyoItetropol土tan Governm8nt WaterWOrks Bnrean・

（JigyouⅣenpo Showa62Ⅳendo．I［AnnualReport o董the Water Service，1987・］

Tokyo刊etropolitan Govement・1988・■－，

area，

popnlation；

：prOCeSS（InS）：一

getFlnx（Ins，止Flnx，U），

process（工ns，U，D），

SetFlnx（工ns，dFlnx，D）；

：SaVingData（Ins，Attr）：－

SaVingData（Attr）；

％

10Cal

procesS（Ins，U，U）；

X Data savedin t血e StOrage．

SaVingData（flow）；

SaVingData（，COD一里血，）；

SaVingData（，TE附）；
X　　　‥．

end．

X nnit：Ⅹm｛2

X Data savedin tbe storage objeCt・
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B．5．4　Class basin

／＊

＊Class of Basin（part）

書／

Cla55　basin witb＿maCrO rarCOmPred bas

natnre compo，bydrology，甘aterEnvEngineering；

instance

attribnte

COmment：＝　●－Hodel of river basins．H

reゴerence：＝

■■Tbis dataiS read froml‥50，000Scalo Topograpbic Haps pdblisbed by

The Geographical S厄rveyInstitute．Hinistry o董ConstmctionIJapan・，．．

intake：＝0．0，　％Intake甲．antity（1083m《3／day）

domeSticLoad：＝0．0，　％DomeSticload（kg／day）

treatrate：＝0．0；　X Treatment rate

：SetSlot（InS，pOpnlation，Data）：－

Set＿Slot（Ins，pOpnlation，Data），

integer●tOJloating＿pOint（Data，DF），

：getSlot（Ins，treatrate，R），

；getSlot（Ins，unitload，Ⅵ．），

：getSlot（Ins：nmOff　，ROFF），

Lis DF＊（1．0－R）＊m＊ROFF，

SetJlot（Ins，domesticLoad，L）；

：SetSlot（Ins，treatrate，Data）：－

Set＿Slot（InS，treatrate，Data），

；getSlot（Ins，pOIm1ation，P），

integeLtOJloating＿pOint（P，PF），

：getSlot（Ins，unitload，UL）．

：getSlot（In㍉：nmOff　，ROFF），

Lis PF＊（1．0－Data）＊UL＊ROFF，

Set＿Slot（Ins，domesticLoad，L）；

：prOCeSS（InS）：一

getFlnx（工ns，dFlux，U），

process（Ins，U，D），

SetFlnx（Ins，dFlnx，D）；

X Data savedin tbe storage object・

：SaVingData（エns，Attr）：－

SaVingData（Attr）；

X

local
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process（Ins，U，D）：－

：getSlot（エns，domesticLoad，DL），

addBodLoad（エns，U，DL，DO），

：getSlot（Ins，intake，ql），

：getAttr（Ins，DO，qO，flov），

：SetAttr（Ins，DO，qO－ql．flow，D）；

addBodLoad（Ins，U，DL，D）：－

：getAttr（Ins，U，BODL，，BODL，），

：SetAttr（Ins，U，BODL＋LL，BODL㌧D）；

addBodLoad（Ins，U，DL，D）：一

：SetAttr（工ns，ロ，DL，，BODL，，D）；

SaVingData（flov）；

＄aVingData（，BOm，）；

XsavingData（，TEH，）；

end．

B・5・5　ClassriverSegment

／＊

Class of segment5　0f river channels・

＊／

Class riverSegment with＿maCrO rarCOmPred bas

natnre compo，bydrology，甘aterEnvEngineering；

instance

attribnte

COmment：＝”Hodel of SegmentS0f river chaLnnels・■●，

reference：＝

”Eall，Warren A・andJohn A・Dracup・

tWater Resonrces Systems Engineering．‡

Ⅳew York：HcGraw－Eill，1970．341－356．

Tokyo HetropolitaLn Government Environnental Conservation Bureau・

（Sbowa62Ⅳendo Kokyo Yon．Sniiki甘o S心isbitsn So如tei Xekka・）

［quality of Public Waterin1987．］Tokyo Metropolitan Government・1988・’一；

：prOCeSS（工nS）：－

getFlnx（Ins，nFlnx，Ⅴ），

process（工ns，U，D），

SetFlnx（Ins，dFlnx，D）；

X Data savedin tbe storage object

：SaV土ngData（工ns，Attr）：－
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SaVingData（Attr）；

％　　　　‥．

local

proceSS（Ins，U，D）：－

：getSlot（エns，1engtb，L），

：5elfPurification（Ins，L，U，D）；

X Data savedin tbe storage

SaVingData（flov）；

SaVingData（，BOD，）；

SaVingData（，Tm，）；
X

end．
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B．6　Classes compo and conduit

B．6．1Classcompo

％

X class of component

X

ClasS COmpO WitLmaCrO rarCOmPred baS

nature SimObject；

instance

attribnte

COmment：＝

’■Class of component．

Tbis claSS defineS tbe metbod simCompo，

the simulation procedure baBed on the constraint soIving algorithm・■●，

dataSonrce，　　　　　％Data sonrco佃ame of1b80bSerVaiotn point）

haSFixedFlow：＝nO，　XIf tbe component bas a fixed flov，

出XedFlow，

nnmber，

CarCinogenicity：＝0．0，

StatnS：＝yet；

％it becomes，ye5，．

％Fixed rate of flow．

X serial number

X EStimated carcinogenicity

：SimCompo（InS，Out）：－

1This method deternines the value of OUT，

Ⅹ血icb repre＄entS tbe stnff at tbe downward terminalt

SimCompo（Ins，Out）；

：SetConditions（Ins，FltLX，BC）：－

5etConditions（Ins．FltLX，BC），！；

X

local

SimCompo（Ins，mt）：－

‥getSlot（Ins，StatnS，yet

l
●　∫

：getSlot（Ins，upWard・，

5imUpward（Ins，Up，In

：prOCeSS（Ins，In，mt
：SetSlot（Ins，StatnS，

SimCompo（Ins，Ont）：－

n

p
 
I
 
l
 
O

…

U

　

）

）

　

d

’

）

l

）

●
－

）
e

：getSlot（エns，Sta血S，done），
l

getFlnx（InS，dFlnx，〔ht），！；
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SimUpward（Ins，nnll，Inpnt）：一

getFlnx（Ins，dFlnx，Inpnt）；

SimUpward（Ins，List，Input）：－

5imCondnitList（List），

：COnゴ1nence（＃condnit，List，Inpnt）；

simConduitList（［conduit f Rest］）：－

：SimCondt止も（Condnit），

SimCondnitList（Re＄t）；

SimCondnitList（□）；
％　　　　‥．

end．

B．6．2　Class conduit

り
ん
川
〃
ん
り
ル
　
り
ん

Class condnit

Aninstance of conduit comects a component with another component・

Class conduit Vitb＿maCrO rarCOmPred bas

natnre simObject；

attr土bnte

COmment：＝

■－Class of condn土t．

Aminstance of conduit connectS a COmPOZlent With aLnOther component・rl；

COmpOnent

f1nxDB　‥＝DB：－　‥Create（＃1ist＿index，鱒）；

：COnf1uence（Ci，List，Dut）：－

COnf1nence（List，0厄t）；

：diYide（Cl，In，ロutList）：－

divideFlow（In，【厄tList）；

：makeInstance（Cl，tUp，Dw），Ins）：－

：n帥（Cl，Ins），

：SetSlot（Ins，id，（Up，Dvl）．

：COmPOnentID（＃SimHodel．Up．UIns

COmpOnentID（＃simHodel， WD

‥SetSlot（Ins，npWard，　UIns

：SetSlot（Ins，down甘ard，DIns

instance

S
　
　
　
　
－
．

n

 

I

　

，

T

▲

　

）

　

）

D
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attribnte

COmment：＝

HClass of COndnit．

Aninstance of con血it connects a componentぬtb ano地er component・一一，

StatnS：＝yet；

：SOlve（Ins，Up，加，UFlnx）：－
501ve（エnS，Vp，加，UT1uェ）；

X simCondnit

XItis cal18d by tbe metbod simCompoin t血e class，compo’・

：SimCondnit（Ins）：－

simCondnit（Ins）；

ュaCOュ

／＊PredicatQ SOlve

It tran51ates tbe glVen UFlnx

and sets tbo translated valne

SOlve（Self，Up，Down，UFlnx

：Class＿Object（Up，　CIs

‥ClaSS＿Object（Do甘n，CIs

SetFlnx（Self，dFlnx，

y
 
n

b
・
ュ

，
　
　
　
　
　
’

）

　

）

　

）

Ⅷ
ュ肝

SOlve（Selま，Vp，DoWn，UFlnx）

Calling a bridging m18，

tbe Slot dFlnx＊／

l

　

　

　

■

l

－

・

）

　

－

：bridgeG叩（＃bridgQ，Vp，pOWn，Ⅵ’1nx，Solved），

SetFlnx（Self，dFlnx，Solved），！；

conflnence（［condnit　はest］，0ut）：－

addConま1nence（Condnit，Rest，Ont）；

addConfluence（Original，［Addl Rest］，Out）‥－

addConfluence（Original，Rest．Snm），

getFlnx（Add，dFlux，AddFlnx），

addFlnx（Sum，AddFlnx，Dnt），！；

addConf1nence（Original，［，Snm）：－

getFlnx（Original，dFlnx，餌m），！；

addFlnx（［tData，Ⅹey）l ReStコ，Add，［tSum，Eey）はesnltコ）：－

：delete（＃utility，tAddData，Ⅹey），Add，AddRest・），
l

SⅧmis Data＋　AddData，

addFlnx（Rest，AddRest．Result）；

addFlnx（［tData，Eey）l Rest］，Add，［（Data，Eey）はesult］）：－

addFlnx（Rest，Add，Result）；

addFlnx（［］，［AI R］，Result）：－
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addFlnx（［AI R］．口，Resnlt）；

addFlnx（口，［，□）；

＄imCondnit（Ins）：－

：getSlot（エns，StatnS，yet），

：getSlot（Ins，upWばd，UPWARD），

：getSlot（Ins，doWnW旺d，DmⅣARD），

：SimCompo（UPWARD，Flux），

‥getSlot（エnS，id，ID），

1Computing the value to be storedin the slot uFlux・

ⅦpWardFlnx（ID，UPWARD，Flnx，UTlnx），

SetFlnx（Ins，dFlnx，UFlnx），

SOlve（Ins，ⅥⅧARD，DOWmARD，ⅥFluX），！；

SimCondnit（Ins）：－

：getSlot（Ins，StatnS，done），
l　●

X Compnting the・Valne to be StOredin tbe slot uFlnx・

upWardFlnx（tUP，DW），UPWARD，Flnx，UT1ux）：－

divideFlow（UPWARD，DividedList），

：member（軌til土ty，tDW，UTlnxI，DividedLiSt），！；

There may be more than one conduits connecting the upvard componen七・

％TiS predicate divides tbe ontput董rom tbe upW旺d component to
X tbese cond山ts．

divideFlow（Upward，List）：一

：getSlot（Upward，id，

getFlnx（Upward，dFlnx，

＿

－

　

　

　

■

－

）

　

）

m
血

∬
∵
F

m
U

：SetOf（＃sets，X，COnn虐Ct（＃simHodel，UⅣane，X），ⅣameList）．

divideListedFlow（Flux，U∬ame，ⅣameList，List）；

divideListedFlow（Flnx，Up，［コ，□）；

divideListedFlow（Flnx，Up，［Ⅳame］，［（Ⅳame，Flnx‡］）；

XIf there are conduits having a fixedrate of flow，then‥リ

divideListedFlow（Flux，Up，Ⅳames，Result）：－

haveFixedFlow（Up，∬ames，WeHave），

WeEave＝＼＝［コ，

CalcFixedFl叩（Flnx，封ames，WeEave，FixedFlnxList，RestⅣame，RestFlux），

divideListedFlov（RestFlnx，Up，RestⅣame，List

：append（触tility，FixedFlnxList，List，ReSn1t

l

　

　

●

l

）

　

）

％or else．the constraint betveen the conduits must be soIved．

divideListedFl叩＿body（Flnx，Up，Ⅳames，Result）：－

baveEqnation（Up，Ⅳames，Eqs），
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E甲＝＼＝　口，
I

SOlveEquation（Flux，Ⅳa皿eS，Eqs，Resnlt）；

SOlveE甲ation（Flnx，Ⅳames，Eqs，Resnlt）：一

getAttr（Flnx，Fnll，floW），

％Generating a set oflincar simultaneous equations

X董rom description o t地e relation between tbe condt止ts

t地atiS StOredin tbe object simHodel．

generateV旺Eqs（Full，ⅣameS，Eqs，VarⅣames，VarEqs），

X calling the solver forlinear Simultaneons eqnations・

ⅩIt retms a set o董　forms t0　0btain solntions．

：501ve（＃cSolver，Ⅴ好打ames，VarEqs，R），

WeEave（Ⅳames，R，FormS），

X compnting tbe retmed fromS・
CalcListedFlo甘（Flnx，Forms，Resnlt，ReSt）；
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B・7　ClassscenarioMaking

／＊

Class SCenarioHaking

＊／

Class scenarioⅡaking vitb＿maCrO rarCOmPred bas

natnre tOOl；

attribnte

COmment：＝

”Tbis object makeS SCenarios on tbe basis oまscenario templates

StOredin tbe object，and execnte simnlations by sending tbo scenarioS

to the object simHodel．Procedures to execute simulations are as董Ollovs：

1）Displaying the dialogbox，

2）Let nsers toinp血tbe scenario setting on tbe d土alogbox，

3）Based on tbeinputted data，SQnding to tb00bject s土mHodel

messages to set tbe conditionまor t血e simnlation，and，

4）Sending to the object si畑odcl the message to execute the simulation・■●；

COmpOnent

dialogbox　：＝mll，　　％Hain dialogbox．

Snbbox　　：＝nnll，　　X List of Sdb－dialogboxes暮

item＿nnmber：＝1；

：m（Cl）：一m（Cl）；

：eXit（Cl）：－eXit（Cl）；

：deactivate（Cl）：－deactivate（Cl）；

local

m（Cl）：－
ma血e＿Dialogbox，

listen＿tO＿Dialogbox（Selection，Var＿Svitch，Hap＿Switch）．

SCenario（Selection，VaLSwitcb），

（‥member（軌tility，［message，HESコ・，Selection）；HES＝null），

：termString（＃utility，班ES．甘ame），X Extracting the scenario nane．

‥neWTable（＃storage，∬弧e），　　　XInitialiZing tbe storage・

：Sim（＃simHodel），　　　　　　　　　　X Simulation．

display＿Hap（Hap＿Switcb）；

m（Cl）；

％　1isten＿tO＿Dialogbox（S81ection，Ⅴ打＿SWitcb，Hap＿S甘itcb）

X Displaylng tbe dialogbox mdget tbeimput data．

1　　　selection：Selected scenario by the user
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％　　　Ⅴ旺＿S甘itcb：DⅧmy

X H叩＿Switcb：Flag to deteminQ displaylng tbe object map or not

listen＿tO＿Dialogbox（Selection，VaLSwitcb，Hap＿Svitcb）‥－！，

＃SCenarioHaking！d土alogbox＝Hain，

：aCtivate（Hain），

SCenario＿Template（TLIST），

read＿Dialog＿Selection（Hain，TLIST，Selection，Var＿Svitch，Hap＿Svitch，Dialog），＿

：deactivate（＃scenarioH濾ing），！，

Dialog＼＝＝abort；

1　read＿Dialog＿Selection（Hain TLIST，Selection，VaLSvitch，Hap＿S甘itch，Dialog）

X Getting tbeinpnt data缶Om tbe dialogbox

X Hain：　　Tbe main dialogbox

I TLIST：　　List of scenaLrio templates

t selection：Selected scenario by the user（anitem o TLIST）

X v旺＿Switcb：Dnmmy

X H叩＿Switcb：Flag to detemine diSplaying tb80bjoct map or not

X Dialog：　User，5inpnt：，do●it，or，abort，

read＿Dialog＿Selection（Hain，TLIST，Seloction，falsQ，Hap＿Sw土tcb，do＿it）‥－

：read（Hain，ⅠⅣPUT），

：member（批tility，Selection（ATOH＿Ⅳ），IⅣPUT），

：get＿atOm＿String（＃symboli三er，ATOⅡ＿甘，STR＿Ⅳ），

：get＿nnmber（＃SymboliZer，甘，STR＿∬），

：nth（htiiity，Ⅳ，TLIST，Selection），

listen＿tO＿餌bDialog（Selection），

：member（軌tiiity，maP（Hap＿Switch），INPUT）；

read＿Dialog＿Selection（Hain．TLIST，Selection，VaLSvitch，Hap＿Svitch．abort）；

X scenar土0（Selection，Var＿知itcb．）

1　　　　Sending to the object simHodel the message to set the simulation

l condition according to the selected scezlari0・

％　　　　　selection：Selected scenario by tbe nser

ゴom：［［name，，name Str土ng，コ，［message，，message to Send，］，…］

％　　　　　Ⅴ旺＿S雨tcb：D皿my

SCenario（Selection，VaLSwitcb）：－

（‥member（軌tility，hesSage，HES］，Selection）；HES三m山1），

：reSetSimHodel（＃simHodel），

initialiZeScenario（HES），

：Set＿VaLHode（＃S土mHodel，VaLSwitcb）；

SCenario＿Template（

［［［name，‖1987mean valne●つ】，

［［name，■●Case of Sl皿er・・］，［message，CaSC＿0LSummer］コ，

［［name，－■Case of Winter■つ，［message，CaSe＿0ゴ＿Winter］］，

［bame，HExcess工np鵬0まCblorine■■コ，
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［message，eX＿Chlor（Fplant，Cl）コ，

【parameter，Fplant，Cl］，

［snbbox，eX＿Cblorコ，

匝汀弧＿舐tr，［［name，HWbere（FiltrationPlant）？■■］，

［type，CbooSe，

【■■Asa血a FP一一，

一一比isono Fp●－，

■一五igaSbimnrayama FP一㌧

■■Sakai FPH，

HEinnta－Ue FP■一，

HXinnta－Sbita FPH，

■－Ⅹanamacbi FPH，

一一Hisato FPH，

■■Eosakn FP●－コ］，

［id，fplant］】，

［［name，●●Cblorine（mg／1）一つ，

［type，String］，

【id，，Cl，］コ］］，

［［name，HIncrease Contamination at Vp甘旺d Area■●コ，

heSSage，inc＿C＿誠＿Upper（River，C）コ，

［parameter，River，Cコ，

［snbbox，inc＿C＿at＿Upper］，

［param●attr，【［name，■Wbere（River∬弧e）？■■コ，

［type，Cboose，

［■■Edoga取■－，

■－AyasegaWa一㌧

■Wakagawa”，

‖ArakawaH，

一一SbingasbigawaI－，

■Tamagava■－］コ，

［id，r土ver］コ，

［［name，HBOD（mg／1）‖］，

［type，Stringコ，

［id，Cコ］コ］］）；

initialiZeScenario（mll）；

initialiZeScenario（case＿OLSnmmer）：－

e＿SetSlot（asa血a＿王，tmP，28．2），

e＿SetSlot（misonoJ，tmp，29．2），

e＿SetSlot（bigasbimuraJ，tmp，28・1），

e＿＄etSlot（sakaLf，tmp，24．6），

e＿さetSlot（kinutak弧iJ，tmp，25・6），

e＿50tSlot（kinntasbimoJ，tmp，20．9），

e＿SetSlot（kana皿aCbiJ，tmp，30．9），

e＿SetSlot（miSatOJ，tmp，30．2），
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e＿SetSIot（kosaku＿王，tmP，23．8

initialiヱeScenario（case＿0ま＿Winter

・

．

．

　

－

，

）

　

）

e＿SetSlot（asakaJ，tmp，5．6），

8＿SetSlot（misonoJ，tmp，4．8），

e＿SetSlot（bigasbimnraJ，tmp，5・1），

e＿SetSlot（SakaLf，tmp，5．3），

e＿SetSlot（kinntalユeJ，tmp，11．4），

e＿SetSIot（kintltaShitaJ，tmP．14．0）．

e＿SetSlot（kanamaCbiJ，tmp，5．8），

e＿SetSlot（misato＿ま，tmp，5．O

e＿SetSlot（kosaku＿王．tmp，5．1
●
　
■
一

■

－

　

　

　

t

－

）

　

）

initializeScenario（ex＿Cblor（印1antⅣ弧el，Cl））：一

pnrifyJtring（FplantⅣmel，PnreString），

‥ObjectAttrs（＃simHodel，Fplant，【tname，FplanⅧ肌e2IIRコテ，

匹iまy＿String（FplmtⅣme2，pWeString），

：get＿nnmber（＃SymboliZer，Data，Cl），

e＿SetSlot（Fplant，fe＿Cl，Data），！；

initiaiizeScenaLrio（inc＿C＿at＿tJpper（RiverString，C））：－

（string（RiverString，＿，＿），

：get＿atOm（＃symbolizer，River，RiverString

atom（RiverString），RiverString
・ュ■R〓

：rel（鮎imXodel，riverSystem（River，

：get＿nunber（＃SymboliZer，Data，C）．

e＿SetConc（RO，，BOD，，Data），！；

％　　　　‥．

end．
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