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A large number of multiple criteria decision making (MCDM) models have evolved over 
the past decade. Thi field now seem to have reached a stage of maturity. However, the 
managerial community has not yet extensively adopted these models in solving practical 
decision problems. The present article focuses on integrating the MCDM models within 
the decision support system (DSS) framework to encourage greater use of these models. 
A DSS framework and the criteria used for the choice of a model is discussed. Based 
on the e criteria MCDM models generally used in the marketing field are evaluated. The 
possibility of using a mixture of MCDM models within the DSS framework is also 
explored. Following this, the role of the MCDM models in DSS is delineated. it is argued 
that. within the problem-solving process, the confluence of MCDM models and DSS 
play a vital role in developing high-quality solutions. 

1. INTRODUCTION 

[n the context of problem solving which encompasses structured and semistructured 
problems, a decision support system (DSS) promises to be a significant advancement 
[5,51]. The effectiveness and success of DSS is accentuated in the following ways: 
(i) in DSS, attempts have been made to create convenient human interfaces; (ii) the 
u er is given control of the problem-solving process; and (iii) algorithms of various 
decision-making models are being incorporated into the system to aid effective decision 
making. Keen and Morton [26, pp. 57-58] describe DSS as "the key point, for a DSS 
is to support or enhance the manager's decision making ability." Thus, a DSS attempts 
to combine the use of models or analytic techniques with traditional data access and 
retrieval functions. The systems focus specifically on features that make them easy to 
u e by people unfamiliar with computers in an interactive mode. The essential features 
of a DSS are flexibility and usability [26]. 

The role of the models in DSS are to support the discovery of an adoptable plan 
of action, rather than to dictate what the decisions should be [2, 5]. Very often the 
recommendations generated by the model will be relevant only to a limited part of a 
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muchmuchmuch largerlargerlarger problem.problem.problem. TheyTheyThey maymaymay bebebe subjectsubjectubject tototo numerousnumerousnumerous modificationsmodificationsmodifications thatthatthat areareare requiredrequiredrequired 
bybyby thethethe considerationconsiderationconsideration ofofof otherotherother factorsfactorsfactors thatthatthat couldcouldcould notnotnot bebebe explicitlyexplicitlyexplicitly incorporatedincorporatedincorporated intointointo thethethe 
model.model.model. ThusThusThus aaa DSSDSSDSS shouldshouldshould supportsupportsupport interactioninteractioninteraction betweenbetweenbetween thethethe useruseruser andandand thethethe modelingmodelingmodeling 
componentcomponentcomponent ofofof thethethe system,system,system, allowswhichwhichwhich allows thethethe examinationexaminationexamination ofofof intermediateintermediateintermediate resultsresultsresults andandand 
accommodatesaccommodatesaccommodates subjectivesubjectivesubjective judgementjudgementjudgement duringduringduring thethethe problem-solvingproblem-solvingproblem-solving proceprocess... 

allow 
proces 

applications,applications,AsAsAs aaa resultresultresult ofofof theoreticaltheoreticaltheoretical developmentsdevelopmentsdevelopments andandand practicalpracticalpractical application , multiplemultiplemultiple criteriacriteriacriteria 
decisiondecisiondecision makingmaking (MCDM)(MCDM)(MCDM) modelsmodelsmodels areareare becomingbecomingbecoming moremoremore andandand moremoremore popularpopularpopular ininin thethethe manmanman

decision-makingdecision-making focuses ononon inteinteinte
makjng 

agementagementagement deci ion-making paradigmparadigmparadigm [9,[9,[9, 56,56,56, 60].60].60]. TheTheThe presentpresentpresent studystudystudy focufocu ee 
gratinggratinggrating MCDMMCDMMCDM modelsmodelsmodels withinwithinwithin thethethe DSSDSSDSS frameworkframeworkframework tototo encourageencourageencourage greatergreatergreater useuseuse ofofof thesethesethese 
models.models.models. 

businessbusinessMultiple-criteriaMultiple-criteriaMultiple-criteria decisiondecisiondecision problemsproblemsproblems areareare prevalentprevalentprevalent ininin manymanymany busine s fields,fields,fields, includingincludingincluding 
marketing,marketing,marketing, operationsoperationsoperations management,management,management, finance,finance,finance, accounting,accounting,accounting, etc.etc.etc. TheTheThe realityrealityreality ofofof thethethe manmanman
agementagementagement decision-makingdecision-makingdecision-making environmentenvironmentenvironment tendstendstends tototo bebebe complex,complex,complex, ill-structured,ill-structured,ill-structured, difficultdifficultdifficult tototo 
formulate,formulate,formulate, andandand potentiallypotentiallypotentially thethethe mostmostmost rewarding.rewarding.rewarding. BecauseBecauseBecause ofofof thisthisthis aaa modelmodelmodel ofofof anyanyany rearearea

criteria,criteria, forcingforcingforcing thethethe managementmanagementmanagement (or(or(or decisiondecisiondecisionsonablesonablesonable richnessrichnessrichness willwillwill returnreturnreturn tototo multiplemultiplemultiple criteria
 
maker)maker)maker) tototo incorporateincorporateincorporate aaa varietyvarietyvariety ofofof criteriacriteriacriteria ininin evaluatingevaluatingevaluating alternatives.alternatives.alternatives.
 

OnOnOn thethethe planeplaneplane ofofof theoreticaltheoreticaltheoretical developments,developments,developments, thethethe fieldfieldfield ofofof MCDMMCDMMCDM seemsseemsseems tototo bebebe ininin aaa 
maturematuremature stage.stage.stage. However,However,However, thethethe managerialmanagerialmanagerial communitycommunitycommunity hashashas notnotnot completelycompletelycompletely acknowledgedacknowledgedacknowledged 
itsitsits importanceimportanceimportance tototo decision-makingdecision-makingdecision-making processesprocessesprocesses whichwhichwhich cancancan benefitbenefitbenefit fromfromfrom thethethe useuseuse ofofof modelsmodelsmodels 
enrichedenrichedenriched withwithwith multiplemultiplemultiple objectives.objectives.objectives. SomeSomeSome ofofof thethethe reasonsreasonsreasons forforfor thethethe lacklacklack ofofof practicalpracticalpractical apapap
plicationsplications ofofof thesethesethese modelsmodelsmodels maymaymay bebebeplication 

(i)	(i)(i)	 assumptionsassumptionsthethethe underlyingunderlyingunderlying a sumptions usedusedused tototo derivederivederive thesethesethese modelsmodelsmodels mightmightmight notnotnot complycomplycomply withwithwith thethethe realityrealityreality 
mo t decisionsdeci ionsininin mostwhichwhichwhich most managersmanagersmanagers makemakemake decision 

(ii)	(ii)(ii) thesethesethe e modelsmodelsmodels areareare generallygenerallygenerally mademademade availableavailableavailable throughthroughthrough academicacademicacademic literature,literature,literature, whichwhichwhich requiresrequiresrequires knowlknowlknowl
edgeedgeedge ofofof sophisticated 	ophi ticated mathematicalmathematicalmathematical techniquestechniquestechniques tototo utilizeutilizeutilize themthemthem ininin thethethe busine"s fieldfieldfieldbusinessophisticated 	 busine s 

(iii)	(iii)(iii)	 ananan efficientefficientefficient andandand easyeasyeasy tototo useuseuse mechanismmechanismmechanism forforfor providingprovidingproviding thethethe requiredrequiredrequired humanhumanhuman inputinputinput duringduringduring thethethe 
processproce s isisiproblem-solvingproblem-solvingproblem-solving proces notnotnot available.available.available. 

consensusconsensus 	 hashas beenbeenbeen acknowledged.acknowledged.acknowledged. ZelenyZelenyZelenyAAA consensu tototo integrateintegrateintegrate MCDMMCDMMCDM modelsmodelsmodels andandand DSSDSSDSS ha 
us,us,[56,[56,[56, p.p.p. 472],472],472], forforfor example,example,example, notesnotesnotes thatthatthat aaa "DSS-MCDM"DSS-MCDM"DSS-MCDM marriagemarriagemarriage isisis alreadyalreadyalready uponuponupon u , 

deci ionthethethe twotwotwo participantsparticipantsparticipants provideprovideprovide aaa glimpseglimpseglimpse decisionatatat decision makingmakingmaking ininin thethethe eightieseightieseighties andandand beyond."beyond."beyond." 
TheTheThe confluenceconfluenceconfluence ofofof MCDM-DSSMCDM-DSSMCDM-DSS createscreatescreates aaa systemsystemsystem thatthatthat thethethe decisiondecisiondecision makersmakersmakers cancancan useuseuse forforfor 
solvingsolvingsolving ill-structuredill-structuredill-structured problemsproblemsproblems withwithwith conflictingconflictingconflicting objectives.objectives.objectives. ToToTo furtherfurtherfurther strengthenstrengthenstrengthen thethethe 
surgesurgesurge ofofof interestinterestinterest ininin buildingbuildingbuilding ananan effectiveeffectiveeffective DSS,DSS,DSS, thethethe utilizationutilizationutilization ofofof MCDMMCDMMCDM modelsmodelsmodels shouldshouldshould 
bebebe encouraged.encouraged.encouraged. ContinuingContinuingContinuing thisthisthis linelineline ofofof thoughtthoughtthought andandand followingfollowingfollowing Zeleny' ideas thethethe 
presentpresentpresent articlearticlearticle attemptsattemptsattempts tototo addressaddressaddress thethethe followingfollowingfollowing issuesissuesissues relatedrelatedrelated tototo thethethe developmentdevelopmentdevelopment ofofof 
MCDM-DSS's... 

Zeleny'sZeleny's ideas,ideas, 

MCDM-DSS'MCDM-DSS' 

I.	I.	I.	 useuseWhatWhatWhat criteriacriteriacriteria cancancan bebebe employedemployedemployed tototo evaluateevaluateevaluate thethethe suitabilitysuitabilitysuitability ofofof thethethe u e ofofof aaa modelmodelmodel ininin thethethe DSSDSSDSS 
environment?environment?environment? 

2.	2.	2.	 CanCanCan aaa singlesingleingle MCDMMCDMMCDM modelmodelmodel ororor aaa combinationcombinationcombination ofofof MCDMMCDMMCDM modelsmodelsmodel (mixed(mixed(mixed models)models)models) bebebe integratedintegratedintegrated 
framework, 	 thesethese characteri ticwithinwithinwithin thethethe DSSDSSDSS framework.framework. andandand tototo whatwhatwhat extentextentextent cancancan the e modelsmodelsmodels respondrespondrespond tototo characteristicthethethe characteristic 

ofofof DSS?DSS?DSS? 
3.	3.	3. WhatWhatWhat rolerolerole dododo thethethe MCDMMCDMMCDM modelsmodelsmodels seekseekseek ininin DSS?DSS?DSS? 

usedused decisionsdecisionsForForFor thisthisthis purpose,purpose,purpose, thethethe MCDMMCDMMCDM modelsmodelsmodels commonlycommonlycommonly u ed forforfor marketingmarketingmarketing deci ion havehavehave 
beenbeenbeen reviewedreviewedreviewed andandand ananan evaluationevaluationevaluation ofofof thesethesethese modelsmodelsmodels withinwithinwithin thethethe DSSDSSDSS frameworkframeworkframework iisis preprepre
sented.sented.sented. TheTheThe specificspecific discusseddiscussed tate-of-the-art modelsmodelsmodels generallygenerallygenerally usedusedused inininpecific modelsmodelsmodels discus ed areareare state-of-the-artstate-of-the-art 
marketingmarketingmarketing decisions.decisions.decisions. 

AAA DSSDSSDSS frameworkframeworkframework andandand thethethe criteriacriteriacriteria forforfor thethethe choicechoicechoice ofofof aaa modelmodelmodel isisis discusseddiscusseddiscussed ininin thethethe nextnextnext 
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section.section.section. TheTheThe difficultiesdifficultiesdifficulties ininin usingusingusing traditionaltraditionaltraditional single-criterionsingle-criterionsingle-criterion modelsmodelsmodels withinwithinwithin thethethe DSSDSSDSS 
frameworkframeworkframework areareare alsoalsoalso discussed,discussed,discussed, followedfollowedfollowed bybyby thethethe problem-solvingproblem-solvingproblem-solving frameworkframeworkframework withinwithinwithin 
DSS.DSS.DSS. SectionSectionSection 333 presentspresentspresents aaa reviewreviewreview ofofof thethethe MCDMMCDMMCDM models,models,models, followedfollowedfollowed bybyby aaa discussiondiscussiondiscussion ofofof 
thethethe possibilitypossibilitypossibility ofofof usingusingusing mixedmixedmixed modelsmodelsmodels withinwithinwithin DSS.DSS.DSS. InInIn SectionSectionSection 4,4,4, thethethe rolerolerole ofofof MCDMMCDMMCDM 
modelsmodelsmodels ininin buildingbuildingbuilding decision-supportdecision-supportdecision-support systemssystemssystems isisis examined.examined.examined. 

2.2.2. THETHETHE DSSDSSDSS FRAMEWORKFRAMEWORKFRAMEWORK 

DSS'sDSS'sDSS's cancancan bebebe viewedviewedviewed asasas computer-basedcomputer-basedcomputer-based systemssystemssystems thatthatthat lielielie atatat thethethe intersectionintersectionintersection ofofof twotwotwo 
majormajormajor evolutionaryevolutionaryevolutionary trends-datatrends-datatrends-data processing,processing,processing, whichwhichwhich dealsdealsdeals withwithwith managingmanagingmanaging data,data,data, andandand 
managementmanagementmanagement science,science,science, whichwhichwhich offersoffersoffers decisiondecisiondecision models.models.models. TheTheThe confluenceconfluenceconfluence ofofof thesethesethese twotwotwo trendstrendstrends 
enablesenablesenables aaa decisiondecisiondecision makermakermaker tototo devisedevisedevise high-qualityhigh-qualityhigh-quality solutionssolutionssolutions tototo whatwhatwhat areareare oftenoftenoften partiallypartiallypartially 
formulatedformulatedformulated (or(or(or ill-structured)ill-structured)ill-structured) problems.problems.problems. 

ResearchResearchResearch ininin thethethe areaareaarea ofofof DSS'sDSS'sDSS's oftenoftenoften refersrefersrefers tototo thethethe followingfollowingfollowing referencereferencereference criteriacriteriacriteria forforfor 
judgingjudgingjudging thethethe effectivenesseffectivenesseffectiveness andandand performanceperformanceperformance ofofof thethethe DSSDSSDSS [25,[25,[25, 26,26,26, 51].51].51]. 

I.	I.	I.	 AAA DSSDSSDSS shouldshouldshould provideprovideprovide supportsupportsupport forforfor decisiondecisiondecision making,making,making, withwithwith emphasisemphasisemphasis ononon semistructuredsemistructuredsemistructured andandand 
unstructuredunstructuredunstructured decisions.decisions.decisions. 

2.	2.	2.	 ItItIt shouldshouldshould provideprovideprovide aaa varietyvarietyvariety ofofof controlcontrolcontrol tototo thethethe decisiondecisiondecision maker,maker,maker, whowhowho shouldshouldshould bebebe ableableable tototo controlcontrolcontrol 
directiondirectiondirection ofofof solutionsolutionsolution andandand shouldshouldshould bebebe ableableable tototo provideprovideprovide intermediateintermediateintermediate controlcontrolcontrol information.information.information. 

3.	3.	3.	 ItItIt shouldshouldshould assistassistassist ininin allallall [501:phasesphasesphases ofofof thethethe decision-makingdecision-makingdecision-making processprocessprocess [50];[50]; andandand ititit shouldshouldshould supportsupportsupport 
decisionsdecisionsdecisions whichwhichwhich areareare interdependentinterdependentinterdependent asasas wellwellwell asasas thosethosethose thatthatthat areareare independent.independent.independent. 

4.	4.	4.	 ItItIt shouldshouldshould bebebe easyeasyeasy tototo use,use,use, whichwhichwhich includesincludesincludes suchsuchsuch characteristicscharacteristicscharacteristics asasas flexibility,flexibility,flexibility, useruseruser friendliness,friendliness,friendliness, 
requiringrequiringrequiring minimalminimalminimal useruseruser memory,memory,memory, error-tolerant,error-tolerant,error-tolerant, andandand nonthreatening.nonthreatening.nonthreatening. 

TheTheThe implicationsimplicationsimplications ofofof thethethe aboveaboveabove listlistlist areareare profoundprofoundprofound whenwhenwhen ananan isomorphismisomorphismisomorphism betweenbetweenbetween thethethe 
DSSDSSDSS andandand MCDMMCDMMCDM isisis considered.considered.considered. ForForFor thethethe purposepurposepurpose ofofof evaluatingevaluatingevaluating thethethe useuseuse ofofof MCDMMCDMMCDM 
modelsmodelsmodels ininin thethethe DSSDSSDSS framework,framework,framework, thethethe criteriacriteriacriteria usedusedused forforfor thethethe choicechoicechoice ofofof modelsmodelsmodels ininin DSSDSSDSS isisis 
discusseddiscusseddiscussed here.here.here. 

CriteriaCriteriaCriteria forforfor thethethe ChoiceChoiceChoice ofofof aaa ModelModelModel ininin DSSDSSDSS 

TheTheThe modelingmodelingmodeling componentcomponentcomponent ofofof aaa DSSDSSDSS isisis thethethe primaryprimaryprimary tooltooltool forforfor supportingsupportingsupporting thethethe designdesigndesign 
andandand choicechoicechoice phasesphasesphases ofofof thethethe problem-solvingproblem-solvingproblem-solving process.process.process. TheTheThe activitiesactivitiesactivities generallygenerallygenerally supportedsupportedsupported 
bybyby DSSDSSDSS areareare projection,projection,projection, deduction,deduction,deduction, analysis,analysis,analysis, creationcreationcreation ofofof alternativesalternativesalternatives (suggestions),(suggestions),(suggestions), 
comparisoncomparisoncomparison ofofof alternatives,alternatives,alternatives, optimization,optimization,optimization, andandand simulation.simulation.simulation. SomeSomeSome ofofof thesethesethese activitiesactivitiesactivities cancancan 
bestbestbest bebebe supportedsupportedsupported bybyby conceptualconceptualconceptual modelmodelmodel buildingbuildingbuilding tototo bebebe performedperformedperformed priorpriorprior tototo thethethe actualactualactual 
useuseuse ofofof models.models.models. Landry,Landry,Landry, Pascot,Pascot,Pascot, andandand BriolatBriolatBriolat [31][31][31] definedefinedefine DSSDSSDSS problemproblemproblem asasas "a"a"a subjectivesubjectivesubjective 
representationrepresentationrepresentation conceivedconceivedconceived bybyby aaa particularparticularparticular membermembermember ofofof ananan organizationorganizationorganization whenwhenwhen confrontedconfrontedconfronted 
withwithwith aaa realityrealityreality whichwhichwhich hehehe perceivesperceivesperceives asasas unsatisfactory."unsatisfactory."unsatisfactory." TheyTheyThey proposeproposepropose aaa designdesigndesign methodmethodmethod
ologyologyology whichwhichwhich permitspermitspermits thethethe operationalizationoperationalizationoperationalization ofofof suchsuchsuch aaa viewpoint.viewpoint.viewpoint. TheyTheyThey alsoalsoalso proposedproposedproposed 
aaa proceduralproceduralprocedural frameworkframeworkframework ofofof DSSDSSDSS whichwhichwhich incorporatesincorporatesincorporates thethethe wholewholewhole problem-handlingproblem-handlingproblem-handling propropro
cess,cess,cess, andandand showsshowsshows howhowhow differentdifferentdifferent typestypestypes ofofof modelingmodelingmodeling techniquestechniquestechniques maymaymay bebebe usefulusefuluseful atatat differentdifferentdifferent 
stagesstagesstages ininin thethethe process.process.process. InInIn DSSDSSDSS thethethe supportsupportsupport forforfor thethethe problem-solvingproblem-solvingproblem-solving processprocessprocess dependsdependsdepends ononon 
thethethe feedbackfeedbackfeedback andandand interactioninteractioninteraction betweenbetweenbetween thethethe useruseruser andandand thethethe modelingmodelingmodeling component.component.component. ThisThisThis 
shouldshouldshould allowallowallow thethethe examinationexaminationexamination ofofof intermediateintermediateintermediate results,results,results, thethethe accommodationaccommodationaccommodation ofofof subjectivesubjectivesubjective 
judgementjudgementjudgement duringduringduring thethethe problem-solvingproblem-solvingproblem-solving process,process,process, andandand modificationmodificationmodification ofofof thethethe objectiveobjectiveobjective funcfuncfunc
tionstionstions ififif thethethe user'suser'suser's perceptionperceptionperception ofofof thethethe problemproblemproblem changes.changes.changes. 

VariousVariousVarious criteriacriteriacriteria havehavehave beenbeenbeen proposedproposedproposed forforfor thethethe choicechoicechoice ofofof aaa model.model.model. DyerDyerDyer andandand MulveyMulveyMulvey 
[II][II][II] proposeproposepropose ananan evaluationevaluationevaluation schemeschemescheme basedbasedbased ononon fivefivefive criteria.criteria.criteria. TheseTheseThese areareare performance,performance,performance, 
realismJcomplexity,realism/complexity,realism/complexity, computationalcomputationalcomputational costs,costs,costs, informationinformationinformation requirements,requirements,requirements, andandand easeeaseease ofofof use.use.use. 
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AsAsAs aaa modelmodelmodel becomesbecomesbecomes moremoremore approximateapproximateapproximate andandand sacrificessacrificessacrifices realityrealityreality ininin orderorderorder tototo gaingaingain inforinforinfor
mationmationmation andandand computationalcomputationalcomputational advantages,advantages,advantages, ininin generalgeneralgeneral thethethe modelmodelmodel mustmustmust bebebe runrunrun moremoremore timestimestimes 
ininin orderorderorder tototo gaingaingain insights.insights.insights. ThusThusThus aaa successfulsuccessfulsuccessful useuseuse ofofof thethethe modelmodelmodel requiresrequiresrequires ititit tototo bebebe flexibleflexibleflexible 
andandand interactive.interactive.interactive. 

BarbosaBarbosaBarbosa andandand HirkoHirkoHirko [2][2][2] specifyspecifyspecify somesomesome desirabledesirabledesirable featuresfeaturesfeatures ofofof aaa modelmodelmodel usedusedused ininin DSS.DSS.DSS. 
TheyTheyThey statestatestate thatthatthat thethethe structuralstructuralstructural changeschangeschanges ininin thethethe problemproblemproblem occuroccuroccur asasas thethethe useruseruser gainsgainsgains aaa betterbetterbetter 
understandingunderstandingunderstanding ofofof thethethe problemproblemproblem variablesvariablesvariables andandand theirtheirtheir interrelationships;interrelationships;interrelationships; thisthisthis isisis becausebecausebecause ofofof 
thethethe changingchangingchanging perceptionperceptionperception ofofof thethethe problemproblemproblem bybyby thethethe user.user.user. ThusThusThus thethethe systemsystemsystem shouldshouldshould bebebe ableableable 
tototo accommodateaccommodateaccommodate thethethe changingchangingchanging structurestructurestructure ofofof thethethe problem.problem.problem. Secondly,Secondly,Secondly, thethethe systemsystemsystem shouldshouldshould 
bebebe structuredstructuredstructured sososo thatthatthat thethethe useruseruser cancancan utilizeutilizeutilize thethethe subjectivesubjectivesubjective informationinformationinformation duringduringduring thethethe solutionsolutionsolution 
generationgenerationgeneration phase.phase.phase. AnotherAnotherAnother desirabledesirabledesirable featurefeaturefeature ofofof thethethe systemsystemsystem isisis tototo havehavehave rapidrapidrapid enoughenoughenough 

(i.e.,feedbackfeedbackfeedback (i(i .e.,.e., informationinformationinformation flowflowflow backbackback tototo thethethe user)user)user) tototo enhanceenhanceenhance thethethe problem-solvingproblem-solvingproblem-solving 
process.process.process. IfIfIf aaa largelargelarge amountamountamount ofofof informationinformationinformation ororor aaa largelargelarge numbernumbernumber ofofof interactionsinteractionsinteractions areareare requiredrequiredrequired 
atatat eacheacheach stepstepstep ofofof thethethe process,process,process, thenthenthen thisthisthis feedbackfeedbackfeedback tototo thethethe useruseruser willwillwill bebebe impaired.impaired.impaired. BarbosaBarbosaBarbosa 
andandand HirkoHirkoHirko [2][2][2] groupedgroupedgrouped thethethe capabilitiescapabilitiescapabilities requiredrequiredrequired ofofof thethethe modelmodelmodel forforfor useuseuse ininin DSSDSSDSS intointointo thethethe 
followingfollowingfollowing fourfourfour categories:categories:categories: 

(i)(i)(i) Control.Control.Control. TheTheThe useruseruser shouldshouldshould bebebe givengivengiven aaa spectrumspectrumspectrum ofofof control.control.control. TheTheThe controlcontrolcontrol mechanismmechanismmechanism 
shouldshouldshould allowallowallow thethethe useruseruser tototo introduceintroduceintroduce subjectivesubjectivesubjective informationinformationinformation asasas demandeddemandeddemanded bybyby thethethe problemproblemproblem
solutionsolutionsolution process.process.process. 

(ii)(ii)(ii) Interface.Interface.Interface. TheTheThe controlcontrolcontrol parametersparametersparameters shouldshouldshould bebebe expressedexpressedexpressed ininin termstermsterms withwithwith whichwhichwhich thethethe 
useruseruser willwillwill bebebe familiar.familiar.familiar. TheTheThe useruseruser shouldshouldshould havehavehave tototo thinkthinkthink aboutaboutabout onlyonlyonly thosethosethose parametersparametersparameters whichwhichwhich 
relaterelaterelate directlydirectlydirectly tototo thethethe problem-solvingproblem-solvingproblem-solving process.process.process. 

(iii)(iii)(iii) Flexibility.Flexibility.Flexibility. TheTheThe algorithmicalgorithmicalgorithmic andandand manualmanualmanual operationsoperationsoperations shouldshouldshould bebebe interchangeableinterchangeableinterchangeable 
ininin thethethe sensesensesense thatthatthat thethethe useruseruser cancancan developdevelopdevelop partpartpart ofofof aaa solutionsolutionsolution viaviavia manualmanualmanual methodsmethodsmethods andandand thenthenthen 
continuecontinuecontinue withwithwith thethethe algorithmalgorithmalgorithm ororor vicevicevice versa.versa.versa. 

(iv)(iv)(iv) Feedback.Feedback.Feedback. TheTheThe systemsystemsystem shouldshouldshould provideprovideprovide feedbackfeedbackfeedback essentialessentialessential forforfor supportingsupportingsupporting humanhumanhuman 
controlcontrolcontrol ofofof thethethe process.process.process. TheTheThe designdesigndesign processprocessprocess itselfitselfitself shouldshouldshould makemakemake useuseuse ofofof feedback.feedback.feedback. 

DifficultiesDifficultiesDifficulties ininin UsingUsingUsing TraditionalTraditionalTraditional ModelsModelsModels ininin DSSDSSDSS 

TraditionallyTraditionallyTraditionally modelsmodelsmodels havehavehave beenbeenbeen appliedappliedapplied primarilyprimarilyprimarily tototo well-structuredwell-structuredwell-structured problems.problems.problems. InInIn 
fact,fact,fact, oneoneone ofofof thethethe definitionsdefinitionsdefinitions ofofof modelingmodelingmodeling activityactivityactivity isisis thethethe conversionconversionconversion ofofof ill-structuredill-structuredill-structured 
problemsproblemsproblems intointointo well-structuredwell-structuredwell-structured problems.problems.problems. TheTheThe viewviewview ofofof traditionaltraditionaltraditional modelingmodelingmodeling cancancan bebebe 
depicteddepicteddepicted asasas 

......;.;In......;.;In......;.;In......p""'u.;...tp""'u.;...tp""'u.;...t-t.~I-t.~I-t.~I ______M_O_d_e_1M_O_d_e_1M_O_d_e_1_I_I_I Output.Output.Output. 

[51,[51,TheTheThe structurestructurestructure ofofof thethethe modelmodelmodel isisis thethethe centercentercenter ofofof attention.attention.attention. SpragueSpragueSprague andandand CarlsonCarlsonCarlson [5 L, p.p.p. 
259]259]259] identifiedidentifiedidentified specificspecificspecific problemsproblemsproblems withwithwith modelmodelmodel usageusageusage ininin DSS.DSS.DSS. SomeSomeSome ofofof thethethe relevantrelevantrelevant 
problemsproblemsproblems areareare 

1.1.L. TheTheThe necessarynecessarynecessary inputinputinput datadatadata ororor parametersparametersparameters areareare oftenoftenoften notnotnot availableavailableavailable ororor areareare veryveryvery difficultdifficultdifficult 
tototo generate.generate.generate. 

2.2.2. TheTheThe outputoutputoutput fromfromfrom thethethe modelmodelmodel isisis oftenoftenoften difficultdifficultdifficult tototo use.use.use. EvenEvenEven ififif ititit isisis ininin reportreportreport form,form,form, 
ititit isisis usuallyusuallyusually static,static,static, hardhardhard tototo manipulate,manipulate,manipulate, andandand seldomseldomseldom ininin action-compellingaction-compellingaction-compelling form.form.form. 

3.3.3. Generally,Generally,Generally, theretherethere isisis aaa minimumminimumminimum ofofof interactioninteractioninteraction betweenbetweenbetween thethethe decisiondecisiondecision makermakermaker andandand 
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FigureFigureFigure 1.1.1. DeciDeciDeci ionionion problemproblemproblem solvingsolvingolving usingusingusing DSS.DSS.DSS. 

thethethe model.model.model. EvenEvenEven ififif thethethe modelmodelmodel isisis runrunrun ininin ananan interactiveinteractiveinteractive environment,environment,environment, thethethe interactioninteractioninteraction isisis 
uallyually supplyingsupplying valuesuuu uaJly limitedlimitedlimited tototo upplying thethethe necenecenece sarysarysary datadatadata ororor parameterparameterparameter valuevalue andandand selectingselectingselecting certaincertaincertain 

options techniques assumeassumeassume thatthatthatoptionoption forforfor executionexecutionexecution ororor outputoutputoutput format.format.format. Thus,Thus,Thus, thesethesethese techniquemodelingmodelingmodeling technique 
theretherethere iisis nothingnothingnothing tototo support,support, discretionupport, asasas theytheythey leaveleaveleave nonono didi cretioncretion forforfor thethethe decidecideci ionionion maker.maker.maker. 

Also, consideringideringidering aaa cost,cost, utility,utility,utility, etc.),etc.),etc.), aaa ininin thethetheAlAl 0,0, ingleingleconcon ingle objectiveobjectiveobjective functionfunctionfunction (profit,(profit,(profit, cost 
clasclascla mathematicalmathematical optimization upposeuppose thatthatthat thethethe decideci ionion makerdecision maker's preferencespreferencesicalicalical mathematicaJ optimization,optimization, preprepre uppo e maker' preference 
andandand valuevaluevalues areareare bothbothboth completecompletecomplete andandand definitedefinitedefinite atatat thethethe beginningbeginningbeginning ofofof thethethe decideci proceproceionion procedecision s... 
OnceOnceOnce thethethe objectiveobjectiveobjective functionfunctionfunction isisis pecified, isis nonono furtherfurtherfurther demanddemanddemand ononon thethethe decideci ioniontheretherepecifiedpecified there i decision 
maker'smaker'smaker' involvement.involvement.involvement. TheTheThe decisiondecisiondeci ion makermakermaker cancancan thenthenthen ay onlyonlyonly yeyeye ororor nononosaysay tototo thethethe finalfinalfinal 
outcome.outcome.outcome. TheTheThe solutionolutionolution ofofof mathematicalmathematicalmathematical optimizationoptimizationoptimization iiis uu uallyually furtherfurtherusuaJly uniqueuniqueunique andandand nonono furtber 

decisiondecision isis AlsoAlso thethethe eee modelmodelmodels dododo notnotnot allowallowalloweffortefforteffort ononon thethethe partpartpart ofofof thethethe deci ion makermakermaker i required.required.required. AI 0 

parametersparameters whichwhichwhich cannotcannotcannot bebebe reprereprerepre entedentedented explicitlyexplicitlyexplicitly ininin thethethe model.model.model. ThuThuThus,,considerationconsiderationconsideration ofofof parameter 
these model emiemithethe emi tructuredtructuredtructured problemsproblemsproblemsthethe modelsee models areareare notnotnot reallyreallyreally suitablesuitablesuitable forforfor olvingolvingolving tbe typetypetype ofofof 
whichwhichwhich aaa decideci ionion upportupportupport ystem aimy tern aimsaims atatat solving.decision system olving.olving.
 

decision
deciTheTheThe portfolioportfolioportfolio ofofof thethethe de i ionion maker'smaker'smaker's criteriacriteriacriteria oftenoftenoften includesincludesincludes moremoremore thanthanthan oneoneone objectiveobjectiveobjective 
ororor goal.goal.goal. ForForFor example,example,example, thethethe proceproceproces purchasepurchaseofofof decidingdecidingdeciding whichwhichwhich automobileautomobileautomobile tototo purcha e involvesinvolvesinvolves 

makes, importantly,importantly,notnotnot onlyonlyonly thethethe actualactualactual choicechoicechoice amongamongamong currentlycurrentlycurrently availableavailableavailable makemake , but,but,but, moremoremore importantly 
mileage,mileage, projectedthethethe selectionselectionselection ofofof thethethe appropriateappropriateappropriate criteriacriteriacriteria ofofof choice:choice:choice: price,price,price, mi leage projproj ctedcted maintenancemaintenancemaintenance 

horsepower,horsepower, resaleresale appeal,appeal, etc.etc.etc. OneOneOne ofofof thethethecosts,costs,costs, hoI' epower, appearance,appearance,appearance, expectedexpectedexpected re ale value,value,value, overalloveralloverall appeal 
used solvesolveolve thesethesethese multiple-criteriamultiple-criteriamultiple-criteria problemsproblemsproblems isisis tototo constructconstructconstruct ananan aJl-encomall-encomuapproachesapproachesapproaches u eded tototo ali-encom

passingpassingpassing objectiveobjectiveobjective function.function.function. ThisThisThis requirerequirerequires assumptionassumption makers'thethethe a umption thatthatthat decidecideci ionionion maker'maker' prefprefpref
erenceserenceserences andandand tradeofftradeofftradeoff preciselycancancan bebebe precipreci elyely measuredmeasuredmeasured andandand explicated.explicated.explicated. However,However,However, thethethe decisiondecisiondecision 

preferencepreference coursemaker'smaker'smaker' preferences andandand tradeofftradeofftradeoffs maymaymay developdevelopdevelop ininin thethethe courcour ofofee of thethethe decision-makingdecision-makingdecision-making 
processprocesproces andandand maymaymay dependdependdepend ononon aaa givengivengiven situation. Till procesproces iituation.ituation. ThiThi learninglearninglearning proce isis typicallytypicallytypically acacac

consecutive andandand specifications ofofof oneoneone ororor moremoremore objectivecompaniedcompaniedcompanied bybyby concon ecutiveecutive modificationmodificationmodification pecificationpecification objectives.objectives. 
AAA properlyproperlyproperly dedede ignedignedigned DSSDSSDSS cancancan eaeaea ilyilyily upportupportupport thisthisthis kindkindkind ofofof learninglearninglearning proceprocess.process.. 

ProblemProblemProblem SolvingSolvingSolving FrameworkFrameworkFramework withinwithinwithin DSSDSSDSS 

I aaa problem-solvingproblem-solvingproblem-solving frameworkframeworkframework withinwithinwithin DSS.DSS.DSS. ThiThiThi extensionextensioniiiFigureFigureFigure 11 reprereprerepre ananententent an exten ion 
ofofof thethethe traditionaltraditionaltraditional viewviewview ofofof thethethe modelmodelmodel whichwhichwhich incorporateincorporateincorporate additionaladditional requiredrequiredrequired priorpriorprioradditionaJ tepteptep 

is This alalal 000 allowallowallowtototo inputinputinput andandand afterafterafter thethethe outputoutputoutput ii generated.generated.generated. ThiThi forforfor intermediateintermediateintermediate inputinputinput duringduringduring 
thethethe modelmodelmodel execution.execution.execution. ThiThisThis permitpermitpermit thethethe useruseruser interactioninteractioninteraction andandand flexibilityflexibilityflexibility requiredrequiredrequired forforfor 
solvingsolving most emistructured decisiondecision problems.problems..olving momo tt emiemi tructuredtructured deci ion problem 

TheTheThe problem-definitionproblem-definitionproblem-definition isphasephasephase is bothbothboth difficultdifficultdifficult andandand important.important.important. ThiThiThii identiidentiinvolvesinvolvesinvolves identi
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fyingfyingfying thethethe problemproblemproblem area,area,area, locatinglocatinglocating thethethe stakeholders,stakeholders,stakeholders, generatinggeneratinggenerating thethethe initialinitialinitial scenarios,scenarios,scenarios, andandand 

specifyingspecifyingspecifying thethethe relevantrelevantrelevant inputinputinput informationinformationinformation andandand thethethe requiredrequiredrequired output.output.output. TheTheThe ambiguityambiguityambiguity 
surroundingsurroundingsurrounding thethethe naturenaturenature ofofof thethethe "problem""problem""problem" ininin thethethe DSSDSSDSS contextcontextcontext needsneedsneeds tototo bebebe eliminated.eliminated.eliminated. 
TheTheThe problemproblemproblem doesdoesdoes notnotnot comecomecome neatlyneatlyneatly packaged.packaged.packaged. OneOneOne mustmustmust determinedeterminedetermine thethethe naturenaturenature ofofof thethethe 
problemproblemproblem beforebeforebefore knowingknowingknowing howhowhow tototo solvesolvesolve thethethe problem,problem,problem, otherwiseotherwiseotherwise oneoneone risksrisksrisks committingcommittingcommitting 
thethethe errorerrorerror ofofof solvingsolvingsolving thethethe wrongwrongwrong problemproblemproblem correctly.correctly.correctly. AAA goodgoodgood discussiondiscussiondiscussion pertainingpertainingpertaining tototo thethethe 
problemproblemproblem definitiondefinitiondefinition ininin DSSDSSDSS maymaymay bebebe foundfoundfound ininin [31].[31].[31]. 

FollowingFollowingFollowing thisthisthis step,step,step, thethethe useruseruser mustmustmust developdevelopdevelop suitablesuitablesuitable plansplansplans forforfor usingusingusing thethethe systemsystemystem tototo 
solvesolvesolve thethethe problem.problem.problem. TheTheThe requirementsrequirementsrequirements forforfor thisthisthis phasephasephase includeincludeinclude (i)(i)(i) listlistlist allallall thethethe assumptions,assumptions,assumptions, 
(ii)(ii)(ii) locatelocatelocate anyanyany missingmissingmissing information,information,information, (iii)(iii)(iii) listlistlist constraints,constraints,constraints, andandand (iv)(iv)(iv) prepareprepareprepare equationsequationsequations (if(if(if 
any).any).any). AfterAfterAfter thisthisthis stage,stage,stage, thethethe nextnextnext stepstepstep isisis tototo executeexecuteexecute thethethe model.model.model. DuringDuringDuring thethethe modelmodelmodel executionexecutionexecution 
intermediateintermediateintermediate resultsresultsresults areareare displayeddisplayeddisplayed tototo thethethe useruseruser andandand thethethe useruseruser cancancan provideprovideprovide preferencespreferencespreferences andandand 
tradeofftradeofftradeoff informationinformationinformation tototo helphelphelp deternline thethethe searchsearchsearch path.path.path. TheTheThe nextnextnext importantimportantimportant stepstepstep isisis tototo 
checkcheckcheck thethethe output.output.output. AtAtAt thisthisthis point,point,point, thethethe useruseruser mustmustmust askaskask thethethe followingfollowingfollowing questions:questions:questions: (i)(i)(i) areareare thethethe 

changeschanges ororor relaxrelaxrelax 

determinedetermine 

magnitudesmagnitudesmagnitudes ofofof thethethe resultsresultsresults reasonable?reasonable?reasonable? (ii)(ii)(ii) isisis ititit necessarynecessarynecessary tototo makemakemake change 
constraints?constraints?constraints? IfIfIf thethethe desireddesireddesired solutionsolutionsolution isisis achieved,achieved,achieved, thethethe decisiondecisiondecision processprocessprocess ends;ends;ends; otherwiseotherwiseotherwise 
thethethe useruseruser mustmustmust makemakemake changeschangeschanges ororor redefineredefineredefine thethethe problem.problem.problem. 

BasedBasedBased ononon thethethe aboveaboveabove discussiondiscussiondiscussion ofofof thethethe desirabledesirabledesirable featuresfeaturesfeatures ofofof aaa modelmodelmodel forforfor DSSDSSDSS use,use,use, 
thethethe followingfollowingfollowing setsetset ofofof criteriacriteriacriteria tototo evaluateevaluateevaluate thethethe currentlycurrentlycurrently usedusedused MCDMMCDMMCDM modelsmodelsmodels forforfor marketingmarketingmarketing 
decisionsdecisionsdecisions hashashas beenbeenbeen identified.identified.identified. 

(l)(l) ModelModelModel Characteristics.Characteristics.Characteristics.(1) RefersRefersRefers tototo howhowhow thethethe valuesvaluesvalues ofofof attributesattributesattributes areareare consideredconsideredconsidered 
andandand combinedcombinedcombined ininin thethethe model.model.model. ThisThisThis alsoalsoalso indicatesindicatesindicates howhowhow thethethe problemproblemproblem parametersparametersparameters areareare 
generated.generated.generated. 

AvailabilityAvailability(2)(2)(2) Availability ofofof thethethe RequiredRequiredRequired Input.Input.Input. TheTheThe modelsmodelsmodels areareare evaluatedevaluatedevaluated basedbasedbased ononon thethethe 
difficultydifficultydifficulty ofofof generatinggeneratinggenerating thethethe requiredrequiredrequired inputinputinput data.data.data. 

(3)(3)(3) NatureNatureNature ofofof thethethe Output.Output.Output. TheTheThe outputoutputoutput characteristicscharacteristicscharacteristics ofofof thethethe modelmodelmodel referreferrefer tototo typetypetype andandand 
formformform ofofof outputoutputoutput providedprovidedprovided bybyby thethethe model.model.model. 

(4)(4)(4) UserUserUser ControlControlControl andandand Flexibility.Flexibility.Flexibility. RefersRefersRefers tototo thethethe amountamountamount ofofof controlcontrolcontrol andandand flexibilityflexibilityflexibility 
providedprovidedprovided tototo thethethe useruseruser ininin selectingselectingselecting andandand changingchangingchanging modelmodelmodel parameterparameterparameter values,values,values, obtainingobtainingobtaining 
intermediateintermediateintermediate results,results,results, andandand selectingselectingselecting alternativealternativealternative paths.paths.paths. 

Availability AAA softwaresoftwaresoftware implementationimplementationimplementation ofofof thethethe modelmodelmodel ininin aaa strucstrucstruc(5)(5)(5) AA vailabilityvailability ofofof packages.packages.packages. 
turedturedtured formformform helpshelpshelps significantlysignificantlysignificantly ininin thethethe integrationintegrationintegration ofofof thethethe modelsmodelsmodels ininin DSS.DSS.DSS. 

3.3.3. MULTIPLEMULTIPLEMULTIPLE CRITERIACRITERIACRITERIA DECISIONDECISIONDECISION MAKINGMAKINGMAKING MODELSMODELSMODELS 

TheTheThe termtermterm multiplemultiplemultiple criteriacriteriacriteria isisis appliedappliedapplied tototo decisionsdecisionsdecisions involvinginvolvinginvolving eithereithereither multiplemultiplemultiple objectivesobjectivesobjectives 
ororor multiplemultiplemultiple criteriacriteriacriteria ororor both.both.both. TheseTheseThese problemsproblemsproblems arisearisearise ininin manymanymany differentdifferentdifferent decisiondecisiondecision situations;situations;situations; 
forforfor example,example,example, ininin makingmakingmaking aaa decision,decision,decision, oneoneone couldcouldcould bebebe concernedconcernedconcerned aboutaboutabout maximizingmaximizingmaximizing expectedexpectedexpected 
returns,returns,returns, minimizingminimizingminimizing totaltotaltotal cost,cost,cost, ororor maximizingmaximizingmaximizing revenues,revenues,revenues, etc.etc.etc. InInIn mostmostmost cases,cases,cases, theretherethere areareare 
structuralstructuralstructural relationshipsrelationshipsrelationships amongamongamong thethethe objectivesobjectivesobjectives andandand perhapsperhapsperhaps somesomesome conflictconflictconflict amongamongamong them.them.them. 
AlsoAlsoAlso thethethe tradeoffstradeoffstradeoffs betweenbetweenbetween thethethe objectivesobjectivesobjectives needneedneed tototo bebebe considered.considered.considered. AnotherAnotherAnother characteristiccharacteristiccharacteristic 
ofofof thesethesethese problemsproblemsproblems isisis thatthatthat thethethe objectivesobjectivesobjectives areareare apparentlyapparentlyapparently noncommensurable.noncommensurable.noncommensurable. MCDMMCDMMCDM 
modelsmodelsmodels helphelphelp thethethe decisiondecisiondecision makermakermaker ininin thisthisthis task.task.task. Mathematically,Mathematically,Mathematically, thethethe MCDMMCDMMCDM problemsproblemsproblems 
cancancan bebebe representedrepresentedrepresented asasas 

fix), ,!k(x)],max[fJCx),max[fJCx), hex), ...... ,fk(X)], 

~~ == l, (1)subjectsubjectsubject tototo g;(x)g;(x)g;(x) ~ 0,0,0, iii = I,I, ......... ,m;,m;,m; (I)(I) 
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wherewherewhere xxx isisis ananan n-dimensionaln-dimensionaln-dimensional decisiondecisiondecision variablevariablevariable vector.vector.vector. TheTheThe problemproblemproblem consistsconsistsconsists ofofof nnn decisiondecisiondecision 
variables,variables,variables, mmm constraints,constraints,constraints, andandand kkk objectives.objectives.objectives. AnyAnyAny ororor allallall ofofof thethethe functionsfunctionsfunctions cancancan bebebe nonlinear.nonlinear.nonlinear. 

TheTheThe ultimateultimateultimate goalgoalgoal ofofof thethethe MCDMMCDMMCDM methodsmethodsmethods isisis tototo findfindfind thethethe most-preferredmost-preferredmost-preferred nondominatednondominatednondominated 
solution.solution.solution. ToToTo accomplishaccomplishaccomplish this,this,this, manymanymany methodsmethodsmethods forforfor findingfindingfinding aaa completecompletecomplete nondominatednondominatednondominated 
solutionsolutionsolution setsetset areareare developed.developed.developed. UsuallyUsuallyUsually ititit isisis extremelyextremelyextremely complexcomplexcomplex tototo measuremeasuremeasure thethethe utilityutilityutility ofofof 
allallall nondominatednondominatednondominated solutions,solutions,solutions, so,so,so, ininin thethethe processprocessprocess ofofof decisiondecisiondecision making,making,making, somesomesome preferencepreferencepreference 
informationinformationinformation fromfromfrom thethethe decisiondecisiondecision makermakermaker isisis required.required.required. TheTheThe typetypetype ofofof informationinformationinformation andandand whenwhenwhen 
ititit isisis givengivengiven playsplaysplays aaa keykeykey rolerolerole ininin thethethe actualactualactual decisiondecisiondecision makingmakingmaking methods.methods.methods. HwangHwangHwang etetet ai.ai.ai. [18][18][18] 
classifyclassifyclassify MCDMMCDMMCDM researchresearchresearch basedbasedbased uponuponupon thesethesethese considerations.considerations.considerations. TheTheThe wayswaysways aaa decisiondecisiondecision makermakermaker 
cancancan participateparticipateparticipate ininin thethethe solutionsolutionsolution processprocessprocess werewerewere classifiedclassifiedclassified asasas aaa priori,priori,priori, progressiveprogressiveprogressive andandand aaa 
posterioriposterioriposteriori articulationarticulationarticulation ofofof preferencepreferencepreference informationinformationinformation fromfromfrom thethethe decisiondecisiondecision maker.maker.maker. AmongAmongAmong 
these,these,these, thethethe methodsmethodsmethods basedbasedbased ononon progressiveprogressiveprogressive articulationarticulationarticulation ofofof preferencepreferencepreference information,information,information, somesomesome
timestimestimes knownknownknown asasas interactiveinteractiveinteractive programming,programming,programming, areareare particularlyparticularlyparticularly wellwellwell suitedsuitedsuited forforfor thethethe semisemisemi
structuredstructuredstructured naturenaturenature ofofof DSSDSSDSS problems.problems.problems. TheTheThe importantimportantimportant notionsnotionsnotions usedusedused ininin thesethesethese modelsmodelsmodels areareare 
nondominacy,nondominacy,nondominacy, proximityproximityproximity tototo idealidealideal points,points,points, tradeoffs,tradeoffs,tradeoffs, satisfactionsatisfactionsatisfaction ofofof goalgoalgoal achievements,achievements,achievements, 
andandand rangerangerange ofofof goalgoalgoal levels.levels.levels. 

AAA nondominatednondominatednondominated solutionsolutionsolution meansmeansmeans aaa feasiblefeasiblefeasible solutionsolutionsolution forforfor whichwhichwhich ananan increaseincreaseincrease ininin valuevaluevalue 
ofofof anyoneanyoneanyone criterioncriterioncriterion cancancan bebebe achievedachievedachieved onlyonlyonly atatat thethethe expenseexpenseexpense ofofof aaa decreasedecreasedecrease ininin valuevaluevalue ofofof atatat 
leastleastleast oneoneone otherotherother criterioncriterioncriterion [56,[56,[56, p.p.p. 70].70].70]. AAA numbernumbernumber ofofof methodsmethodsmethods areareare proposedproposedproposed forforfor generatinggeneratinggenerating 
thethethe nondominatednondominatednondominated solutionsolutionsolution set;set;set; thesethesethese areareare thethethe weighingweighingweighing method,method,method, thethethe E-constraintE-constraintE-constraint method,method,method, 
andandand thethethe multiobjectivemultiobjectivemultiobjective simplexsimplexsimplex methodmethodmethod [56,[56,[56, Ch.Ch.Ch. 4].4].4]. TheseTheseThese methodsmethodsmethods generategenerategenerate aaa setsetset ofofof 
nondominatednondominatednondominated solutionssolutionssolutions ininin stepsstepssteps sososo thatthatthat thethethe numbernumbernumber ofofof solutionssolutionssolutions thethethe decisiondecisiondecision makermakermaker isisis 
requiredrequiredrequired tototo comparecomparecompare atatat aaa givengivengiven timetimetime isisis notnotnot veryveryvery large.large.large. TheTheThe decisiondecisiondecision makersmakersmakers cancancan considerconsiderconsider 
parametersparametersparameters notnotnot specifiedspecifiedspecified ininin thethethe model,model,model, andandand useuseuse theirtheirtheir ownownown subjectivesubjectivesubjective judgmentjudgmentjudgment eithereithereither 
tototo selectselectselect aaa nondominatednondominatednondominated solutionsolutionsolution ororor tototo specifyspecifyspecify preferencepreferencepreference informationinformationinformation forforfor generatinggeneratinggenerating 
thethethe nextnextnext setsetset ofofof nondominatednondominatednondominated solutions.solutions.solutions. ThusThusThus ananan interactioninteractioninteraction withwithwith thethethe decisiondecisiondecision makermakermaker 
isisis supported.supported.supported. 

TheTheThe idealidealideal pointpointpoint ofofof objectiveobjectiveobjective iii cancancan bebebe computedcomputedcomputed bybyby maximizingmaximizingmaximizing j;(x),j;(x),j;(x), subjectsubjectsubject tototo 

g;(x)g;(x)g;(x) ~~~ 000 ininin (I).(I).(I). ThisThisThis isisis generallygenerallygenerally knownknownknown asasas denoted X;."anchor"anchor"anchor value,"value,"value," denote-ddenote-d bybyby x;.x;. TheTheThe 
collectioncollectioncollection ofofof allallall suchsuchsuch anchoranchoranchor valuesvaluesvalues forforfor iii === I,I,I, ......... ,n,n,n isisis knownknownknown asasas thethethe "ideal"ideal"ideal alternative"alternative"alternative" 
denoteddenoteddenoted asasas 

x*x*x* === (xi,(xi,(xi, ..... .... ,x~).,x~).,x~). 

TheTheThe idealidealideal alternativealternativealternative playsplaysplays aaa prominentprominentprominent rolerolerole ininin decisiondecisiondecision making.making.making. AlthoughAlthoughAlthough thisthisthis isisis 
normallynormallynormally unattainableunattainableunattainable ititit providesprovidesprovides aaa benchmarkbenchmarkbenchmark forforfor comparison.comparison.comparison. IfIfIf ananan idealidealideal solutionsolutionsolution isisis 
found,found,found, ititit willwillwill bebebe acceptedacceptedaccepted withwithwith thethethe highesthighesthighest levellevellevel ofofof confidence.confidence.confidence. TheTheThe decisiondecisiondecision makermakermaker 
prefersprefersprefers thethethe feasiblefeasiblefeasible solutionsolutionsolution closestclosestclosest tototo thethethe perceivedperceivedperceived ideal.ideal.ideal. TheTheThe typicaltypicaltypical methodsmethodsmethods whichwhichwhich 
pursuepursuepursue thethethe proximityproximityproximity tototo idealidealideal pointspointspoints ororor somesomesome targettargettarget pointspointspoints areareare thethethe STEPSTEPSTEP methodmethodmethod (STEM)(STEM)(STEM) 
[3],[3],[3], thethethe sequentialsequentialsequential multiobjectivemultiobjectivemultiobjective problem-solvingproblem-solvingproblem-solving techniquetechniquetechnique (SEMOPS)(SEMOPS)(SEMOPS) [36],[36],[36], thethethe 
sequentialsequentialsequential informationinformationinformation generatorgeneratorgenerator forforfor multiple-objectivemultiple-objectivemultiple-objective problemsproblemsproblems (SIGMOP)(SIGMOP)(SIGMOP) [37],[37],[37], thethethe 
methodmethodmethod ofofof displaceddisplaceddisplaced idealidealideal solutionsolutionsolution [56,[56,[56, Chaps.Chaps.Chaps. 555 andandand 6],6],6], goalgoalgoal programmingprogrammingprogramming STEMSTEMSTEM 
[19],[19],[19], andandand interactiveinteractiveinteractive sequentialsequentialsequential goalgoalgoal programmingprogrammingprogramming (ISGP)(ISGP)(ISGP) [34].[34].[34]. 

WhenWhenWhen thethethe explicitexplicitexplicit tradeofftradeofftradeoff informationinformationinformation isisis given,given,given, thethethe methodmethodmethod proposedproposedproposed bybyby GeoffrionGeoffrionGeoffrion 
[14][14][14] andandand interactiveinteractiveinteractive goalgoalgoal programmingprogrammingprogramming [3][3][3] cancancan bebebe used.used.used. TheseTheseThese algorithmsalgorithmsalgorithms askaskask thethethe 
decisiondecisiondecision makermakermaker tototo specifyspecifyspecify ananan overalloveralloverall preferencepreferencepreference functionfunctionfunction tototo resolveresolveresolve thethethe conflictconflictconflict inherentinherentinherent 
ininin thethethe givengivengiven multiplemultiplemultiple criteria.criteria.criteria. TheTheThe algorithmalgorithmalgorithm doesdoesdoes notnotnot explicitlyexplicitlyexplicitly askaskask thethethe wholewholewhole preferencepreferencepreference 
function.function.function. Instead,Instead,Instead, locallocallocal informationinformationinformation aboutaboutabout thethethe preferencepreferencepreference functionfunctionfunction isisis requestedrequestedrequested tototo carrycarrycarry 
outoutout thethethe optimization.optimization.optimization. However,However,However, determinationdeterminationdetermination ofofof thethethe marginalmarginalmarginal rateraterate ofofof substitutionsubstitutionsubstitution 
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(MRS)(MRS)(MRS) andandand stepstepstep sizesizesize cancancan bebebe quitequitequite difficultdifficultdifficult forforfor thethethe decisiondecisiondecision maker.maker.maker. ChankongChankongChankong andandand 
HaimesHaimesHaimes [8],[8],[8], andandand ZiontsZiontsZionts andandand WallenWallenWallen iusiusius [61][61][61] trytrytry tototo generategenerategenerate thethethe MRSMRSMRS ratherratherrather thanthanthan askaskask 
thethethe decisiondecisiondecision makermakermaker tototo dododo so.so.so. 

SomeSomeSome ofofof thethethe MCDMMCDMMCDM methodsmethodsmethods representrepresentrepresent extensionsextensionsextensions ofofof thethethe single-criterionsingle-criterionsingle-criterion optimioptimioptimi
zationzationzation techniquetechniquetechnique (e.g.,(e.g.,(e.g., goalgoalgoal programming).programming).programming). OtherOtherOther typestypestypes ofofof multicriteriamulticriteriamulticriteria decisiondecisiondecision modelsmodelsmodels 
areareare (i)(i)(i) methodsmethodsmethods basedbasedbased ononon thethethe principlesprinciplesprinciples ofofof decompositiondecompositiondecomposition andandand comparativecomparativecomparative judgments,judgments,judgments, 
andandand (ii)(ii)(ii) multiattributemultiattributemultiattribute choicechoicechoice models.models.models. ... 

TheTheThe decompositiondecompositiondecomposition principleprincipleprinciple callscallscalls forforfor structuringstructuringstructuring thethethe hierarchyhierarchyhierarchy tototo capturecapturecapture thethethe basicbasicbasic 
elementselementselements ofofof thethethe problem.problem.problem. TheTheThe analyticanalyticanalytic hierarchyhierarchyhierarchy processprocessprocess (AHP)(AHP)(AHP) isisis aaa multicriterionmulticriterionmulticriterion 
decisiondecisiondecision methodmethodmethod forforfor representingrepresentingrepresenting thethethe basicbasicbasic elementselementselements ofofof aaa problemproblemproblem ininin aaa hierarchichierarchichierarchic 
structure.structure.structure. ThisThisThis methodmethodmethod callscallscalls forforfor simplesimplesimple pairwisepairwisepairwise comparisoncomparisoncomparison judgmentsjudgmentsjudgments ininin orderorderorder tototo 
developdevelopdevelop prioritiesprioritiespriorities ininin eacheacheach hierarchy.hierarchy.hierarchy. AAA discussiondiscussiondiscussion ofofof thisthisthis methodmethodmethod follows.follows.follows. 

AnalyticAnalyticAnalytic HierarchyHierarchyHierarchy ProcessProcessProcess ModelModelModel 

TheTheThe analyticanalyticanalytic hierarchyhierarchyhierarchy modelingmodelingmodeling andandand measurementmeasurementmeasurement processprocessprocess recentlyrecentlyrecently developeddevelopeddeveloped bybyby 
determineSaatySaatySaaty [43],[43],[43], isisis aaa methodmethodmethod usedusedused tototo detenninedetennine thethethe relativerelativerelative importanceimportanceimportance ofofof aaa setsetset ofofof criteria.criteria.criteria. 

TheTheThe novelnovelnovel aspectaspectaspect ofofof thethethe analyticanalyticanalytic hierarchyhierarchyhierarchy processprocessprocess (AHP)(AHP)(AHP) isisis thatthatthat ititit structuresstructuresstructures anyanyany 
complexcomplexcomplex multicriterionmulticriterionmulticriterion problemproblemproblem hierarchically.hierarchically.hierarchically. 

WhenWhenWhen thethethe hierarchyhierarchyhierarchy isisis designeddesigneddesigned tototo reflectreflectreflect likelylikelylikely choice-environmentchoice-environmentchoice-environment scenarios,scenarios,scenarios, obobob
jectives,jectives,jectives, andandand alternativealternativealternative product/marketproduct/marketproduct/market options,options,options, thethethe AHPAHPAHP processprocessprocess cancancan provideprovideprovide aaa mulmulmul
ticriterionticriterionticriterion frameworkframeworkframework forforfor marketersmarketersmarketers tototo betterbetterbetter understandunderstandunderstand thethethe decisiondecisiondecision process.process.process. UsingUsingUsing 
aaa methodmethodmethod forforfor scalingscalingscaling [43],[43],[43], thethethe relativerelativerelative importanceimportanceimportance weightsweightsweights ofofof thethethe elementselementselements ininin eacheacheach 
levellevellevel ofofof thethethe hierarchy,hierarchy,hierarchy, withwithwith respectrespectrespect tototo ananan elementelementelement (e.g.,(e.g.,(e.g., criterion)criterion)criterion) ofofof thethethe nextnextnext higherhigherhigher 
level,level,level, cancancan bebebe representedrepresentedrepresented ininin aaa matrixmatrixmatrix ofofof pairwisepairwisepairwise comparisonscomparisonscomparisons ofofof thethethe criteria.criteria.criteria. TheTheThe 
entriesentriesentries ofofof thethethe matrixmatrixmatrix indicateindicateindicate thethethe strengthstrengthstrength withwithwith whichwhichwhich oneoneone elementelementelement dominatesdominatesdominates anotheranotheranother 
withwithwith respectrespectrespect tototo aaa givengivengiven criterion.criterion.criterion. ThisThisThis scalingscalingscaling formulationformulationformulation isisis translatedtranslatedtranslated intointointo aaa maximummaximummaximum 
eigenvalueeigenvalueeigenvalue problem.problem.problem. SolvingSolvingSolving thisthisthis eigenvalueeigenvalueeigenvalue problem,problem,problem, aaa normalizednormalizednormalized andandand uniqueuniqueunique vectorvectorvector 
ofofof weightsweightsweights forforfor eacheacheach levellevellevel ofofof thethethe hierarchy,hierarchy,hierarchy, withwithwith respectrespectrespect tototo thethethe criterioncriterioncriterion ininin thethethe nextnextnext 
level,level,level, isisis obtained.obtained.obtained. ThisThisThis maymaymay bebebe transferredtransferredtransferred intointointo aaa singlesinglesingle compositecompositecomposite vectorvectorvector ofofof weightsweightsweights 
forforfor thethethe entireentireentire hierarchy.hierarchy.hierarchy. ThisThisThis vectorvectorvector measuresmeasuresmeasures thethethe relativerelativerelative priorityprioritypriority ofofof allallall elementselementselements atatat 
thethethe lowestlowestlowest level,level,level, whichwhichwhich enablesenablesenables thethethe accomplishmentaccomplishmentaccomplishment ofofof thethethe highesthighesthighest objectiveobjectiveobjective ofofof thethethe 
hierarchy.hierarchy.hierarchy. TheTheThe relativerelativerelative priorityprioritypriority weightsweightsweights cancancan provideprovideprovide guidelinesguidelinesguidelines forforfor thethethe allocationallocationallocation ofofof 
resourcesresourcesresources amongamongamong thethethe entitiesentitiesentities atatat thethethe lowerlowerlower levelslevelslevels ofofof thethethe hierarchy.hierarchy.hierarchy. 

con istent. consistencyconsistency thethetheAHPAHPAHP doesdoesdoes notnotnot requirerequirerequire judgementsjudgementsjudgements tototo consistent.bebebe consistent. ByByBy consi tency wewewe meanmeanmean 
traditionaltraditionaltraditional requirementrequirementrequirement ofofof transitivitytransitivitytransitivity ofofof preferencespreferencespreferences (if(if(if CokeCokeCoke isisis preferredpreferredpreferred tototo PepsiPepsiPepsi andandand 
PepsiPepsiPepsi isisis preferredpreferredpreferred tototo 7-Up,7-Up,7-Up, thenthenthen CokeCokeCoke mustmustmust bebebe preferredpreferredpreferred tototo 7-Up),7-Up),7-Up), butbutbut thethethe actualactualactual 
intensityintensityintensity withwithwith whichwhichwhich thethethe preferencepreferencepreference isisis expressedexpressedexpressed transitstransitstransits throughthroughthrough thethethe sequencesequencesequence ofofof objectsobjectsobjects 
ininin thethethe comparison.comparison.comparison. ForForFor instance,instance,instance, ififif CokeCokeCoke isisis twicetwicetwice asasas preferablepreferablepreferable asasas PepsiPepsiPepsi andandand PepsiPepsiPepsi isisis 
threethreethree timestimestimes aaas preferablepreferablepreferable asasas 7-Up,7-Up,7-Up, thenthenthen CokeCokeCoke mustmustmust bebebe sixsixsix timestimestimes asasas preferablepreferablepreferable asasas 7-Up.7-Up.7-Up. 
ThisThisThis isisis whatwhatwhat isisis referredreferredreferred tototo asasas cardinalcardinalcardinal consistencyconsistencyconsistency ininin thethethe strengthstrengthstrength ofofof preference.preference.preference. 
InconsistencyInconsistencyInconsistency isisis aaa violationviolationviolation ofofof proportionality,proportionality,proportionality, whichwhichwhich mayormayormayor maymaymay notnotnot entailentailentail violationviolationviolation 
ofofof transitivity.transitivity.transitivity. AHPAHPAHP providesprovidesprovides ananan indexindexindex forforfor measuringmeasuringmeasuring inconsistencyinconsistencyinconsistency forforfor eacheacheach matrixmatrixmatrix ofofof 
comparisonscomparisonscomparisons andandand forforfor thethethe entireentireentire hierarchy.hierarchy.hierarchy. KnowledgeKnowledgeKnowledge ofofof inconsistenciesinconsistenciesinconsistencies enablesenablesenables oneoneone 
tototo determinedeterminedetermine thosethosethose judgmentsjudgmentsjudgments thatthatthat maymaymay needneedneed reassessment.reassessment.reassessment. AsAsAs aaa realisticrealisticrealistic representationrepresentationrepresentation 

aCCO'Jntofofof thethethe situationsituationsituation ininin preferencepreferencepreference comparisons,comparisons,comparisons, oneoneone maymaymay wishwishwish tototo acco'jntacco'jnt forforfor inconsistencyinconsistencyinconsistency 
ininin judgmentsjudgmentsjudgments because,because,because, despitedespitedespite people'speople'speople's bestbestbest efforts,efforts,efforts, theirtheirtheir feelingsfeelingsfeelings andandand preferencespreferencespreferences 
remainremainremain inconsistentinconsistentinconsistent andandand intransitive.intransitive.intransitive. 
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WhenWhenWhen aaa group,group,group, oftenoftenoften composedcomposedcomposed ofofof peoplepeoplepeople withwithwith differentdifferentdifferent statusstatusstatus levels,levels,levels, expertiseexpertiseexpertise andandand 
experience,experience,experience, usesusesuses AHP,AHP,AHP, thethethe groupgroupgroup maymaymay reachreachreach consensusconsensusconsensus ononon somesomesome issuesissuesissues afterafterafter discussionsdiscussionsdiscussions 
aboutaboutabout priorities.priorities.priorities. WhenWhenWhen theytheythey differ,differ,differ, theirtheirtheir judgmentsjudgmentsjudgments cancancan bebebe combinedcombinedcombined afterafterafter discussiondiscussiondiscussion 
bybyby applyingapplyingapplying aaa geometricgeometricgeometric meanmeanmean tototo thesethesethese judgments.judgments.judgments. ThisThisThis isisis becausebecausebecause thethethe judgementsjudgementsjudgements 
themselvesthemselvesthemselves andandand theirtheirtheir reciprocalsreciprocalsreciprocals mustmustmust bebebe viewedviewedviewed systematicallysystematicallysystematically [1].[1].[1]. TheTheThe reciprocalreciprocalreciprocal ofofof 
thethethe geometricgeometricgeometric meanmeanmean ofofof aaa setsetset ofofof judgementsjudgementsjudgements isisis thethethe geometricgeometricgeometric meanmeanmean ofofof thethethe reciprocals.reciprocals.reciprocals. 
ThisjsThisjsThisjs notnotnot truetruetrue ofofof thethethe arithmeticarithmeticarithmetic mean.mean.mean. SaatySaatySaaty [43][43] pointspointspoints outoutout thatthatthat thethethe[43J useuseuse ofofof thethethe 
geometricgeometricgeometric meanmeanmean isisis aaa less-desirableless-desirableless-desirable alternative;alternative;alternative; andandand severalseveralseveral factors,factors,factors, includingincludingincluding individualindividualindividual 
involvementinvolvementinvolvement andandand theirtheirtheir knowledgeknowledgeknowledge aboutaboutabout thethethe problemproblemproblem area,area,area, maymaymay affectaffectaffect thethethe results.results.results. ToToTo 

[47Jobtainobtainobtain thethethe bestbestbest resultsresultsresults and/orand/orand/or improveimproveimprove consistency,consistency,consistency, SaatySaatySaaty [47][47] discussesdiscussesdiscusses somesomesome alteralteralter
nativenativenative methods.methods.methods. OtherOtherOther interestinginterestinginteresting issues,issues,issues, suchsuchsuch asasas rankrankrank generation,generation,generation, preservation,preservation,preservation, andandand 

[46J.reversalreversalreversal ininin AHPAHPAHP areareare discusseddiscusseddiscussed ininin [46].[46]. TheTheThe AHPAHPAHP algorithmalgorithmalgorithm isisis availableavailableavailable ininin aaa softwaresoftwaresoftware 
1984).1984).productproductproduct calledcalledcalled "Expert"Expert"Expert Choice"Choice"Choice" (Decision(Decision(Decision SupportSupportSupport Software,Software,Software, Inc.,Inc.,Inc., J984). AnAnAn evaluationevaluationevaluation 

ofofof thisthisthis modelmodelmodel withinwithinwithin thethethe DSSDSSDSS framework,framework,framework, basedbasedbased ononon thethethe criteriacriteriacriteria describeddescribeddescribed ininin SectionSectionSection 
2,2,2, isisis presentedpresentedpresented ininin TableTableTable 1.I.l. 

Applications:Applications:Applications: TheTheThe areasareasareas ininin whichwhichwhich AHPAHPAHP isisis appliedappliedapplied areareare diversediversediverse andandand numerous;numerous;numerous; theytheythey 
[54J, [45J,includeincludeinclude marketingmarketingmarketing [54],[54], portfolioportfolioportfolio selectionselectionselection [45],[45], andandand health-carehealth-carehealth-care problemsproblemsproblems [44].[44].[44]. Another.Another.Another. 

classclassclass ofofof MCDMMCDMMCDM fallsfallsfalls underunderunder thethethe categorycategorycategory ofofof choicechoicechoice models.models.models. 

MultiattributeMultiattributeMultiattribute ChoiceChoiceChoice ModelsModelsModels 

MultiattributeMultiattributeMultiattribute choicechoicechoice modelsmodelsmodels purportpurportpurport thethethe integrationintegrationintegration ofofof individualindividualindividual criteriacriteriacriteria acrossacrossacross 
aspectsaspectsaspects (attributes)(attributes)(attributes) ororor alternativealternativealternative choices.choices.choices. AAA choicechoicechoice modelmodelmodel isisis aaa procedureprocedureprocedure forforfor selectingselectingselecting 
aaa product-alternativeproduct-alternativeproduct-alternative fromfromfrom aaa setsetset consistingconsistingconsisting ofofof aaa finitefinitefinite numbernumbernumber ofofof alternativesalternativesalternatives availableavailableavailable 
tototo thethethe decisiondecisiondecision makermakermaker ininin thethethe marketplace.marketplace.marketplace. ForForFor instance,instance,instance, marketingmarketingmarketing decisionsdecisionsdecisions ofofof selectingselectingselecting 
aaa computercomputercomputer ororor aaa carcarcar cancancan bebebe explainedexplainedexplained bybyby aaa procedureprocedureprocedure thatthatthat underliesunderliesunderlies thethethe choicechoicechoice process.process.process. 
OneOneOne cancancan broadlybroadlybroadly classifyclassifyclassify choicechoicechoice modelsmodelsmodels intointointo twotwotwo classes-theclasses-theclasses-the aspect-aspect-aspect- (attribute-)(attribute-)(attribute-) basedbasedbased 
models,models,models, whichwhichwhich combinecombinecombine thethethe attributesattributesattributes hierarchicallyhierarchicallyhierarchically ororor sequentially,sequentially,sequentially, andandand thethethe multiatmultiatmultiat
tribute-utility-theory-(MAUT-)tribute-utility-theory-(MAUT-)tribute-utility-theory-(MAUT-) basedbasedbased techniques,techniques,techniques, whichwhichwhich combinecombinecombine thethethe attributesattributesattributes intointointo 
oneoneone functionalfunctionalfunctional formformform throughthroughthrough aaa specificspecificspecific utilityutilityutility formula.formula.formula. 

Processing-by-AttributeProcessing-by-AttributeProcessing-by-Attribute (Aspect)(Aspect)(Aspect) Models.Models.Models. TheseTheseThese modelsmodelsmodels areareare basedbasedbased ononon thethethe propropro
cessing-by-attributecessing-by-attributecessing-by-attribute principleprincipleprinciple ofofof thethethe thresholdthresholdthreshold concept.concept.concept. InInIn thisthisthis process,process,process, decisiondecisiondecision alteralteralter
nativesnativesnatives areareare evaluatedevaluatedevaluated ononon attributeattributeattribute ororor aspectaspectaspect oneoneone atatat aaa time,time,time, andandand unacceptableunacceptableunacceptable alternativesalternativesalternatives 

desiredareareare eliminatedeliminatedeliminated hierarchicallyhierarchicallyhierarchically (sequentially)(sequentially)(sequentially) asasas theytheythey failfailfail tototo meetmeetmeet thethethe dede iredired thresholdthresholdthreshold 
ononon thatthatthat aspect.aspect.aspect. TheTheThe aspect-basedaspect-basedaspect-based processingprocessingprocessing modelsmodelsmodels thatthatthat areareare employedemployedemployed tototo solvesolvesolve marmarmar

eiimination-by-aspect,ketingketingketing problemsproblemsproblems includeincludeinclude thethethe lexicographic,lexicographic,lexicographic, thethethe elimination-by-aspect,elimination-by-aspect, andandand thethethe maximaximaxi
mum-likelihoodmum-likelihoodmum-likelihood hierarchicalhierarchicalhierarchical method.method.method. TheseTheseThese methods,methods,methods, classifiedclassifiedclassified asasas sequentialsequentialsequential (hier(hier(hier
archical)archical)archical) eliminationeliminationelimination methods,methods,methods, areareare brieflybrieflybriefly expoundedexpoundedexpounded below.below.below. 

SequentialSequentialSequential EliminationEliminationElimination Models.Models.Models. WorkWorkWork ininin suchsuchsuch areasareasareas asasas psychologypsychologypsychology [53],[53],[53], inforinforinfor
[39Jmationmationmation theorytheorytheory (Schroder(Schroder(Schroder etetet al.al.al. [48]),[48]),[48]), andandand artificialartificialartificial intelligenceintelligenceintelligence [39][39] positpositposit thatthatthat individualsindividualsindividuals 

oftenoftenoften useuseuse sequentialsequentialsequential decisiondecisiondecision processes.processes.processes. TheTheThe lexicographic,lexicographic,lexicographic, thethethe elimination-by-aspects,elimination-by-aspects,elimination-by-aspects, 
process...thethethe conjunctive,conjunctive,conjunctive, andandand thethethe disjunctivedisjunctivedisjunctive modelsmodelsmodels areareare developeddevelopeddeveloped tototo representrepresentrepresent thisthisthis procesproces 

TheseTheseThese modelsmodelsmodels areareare noncompensatorynoncompensatorynoncompensatory ininin thethethe sensesensesense thatthatthat aaa lowlowlow valuevaluevalue ononon oneoneone attributeattributeattribute willwillwill 
notnotnot bebebe compensatedcompensatedcompensated bybyby highhighhigh valuesvaluesvalues ononon otherotherother attributes.attributes.attributes. 

InInIn conjunctiveconjunctiveconjunctive andandand disjunctivedisjunctivedisjunctive modelsmodelsmodels thethethe decisiondecisiondecision makermakermaker setssetssets upupup standardsstandardsstandards tototo bebebe 
appliedappliedapplied tototo thethethe valuesvaluesvalues ononon certaincertaincertain attributes.attributes.attributes. InInIn aaa conjunctiveconjunctiveconjunctive approachapproachapproach whichwhichwhich isisis charcharchar
acterizedacterizedacterized bybyby and,and,and, allallall thethethe standardsstandardsstandards mustmustmust bebebe acceptableacceptableacceptable ininin orderorderorder forforfor thethethe alternativealternativealternative tototo 
bebebe acceptable.acceptable.acceptable. InInIn disjunctivedisjunctivedisjunctive form,form,form, whichwhichwhich isisis characterizedcharacterizedcharacterized bybyby or,or,or, thethethe decisiondecisiondecision makermakermaker 
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acceptsacceptsaccepts anyanyany alternativealternativealternative whichwhichwhich hashashas oneoneone ororor moremoremore attributeattributeattribute valuesvaluesvalues aboveaboveabove aaa particularparticularparticular 
standard.standard.standard. TheTheThe lexicographiclexicographiclexicographic approachapproachapproach alsoalsoalso fallsfallsfalls underunderunder thethethe classclassclass ofofof sequentialsequentialsequential eliminationeliminationelimination 
models.models.models. ItItIt isisis differentdifferentdifferent fromfromfrom conjunctiveconjunctiveconjunctive andandand disjunctivedisjunctivedisjunctive approachesapproachesapproaches ininin thatthatthat attributeattributeattribute 
valuesvaluesvalues ofofof thethethe alternativesalternativesalternatives areareare directlydirectlydirectly comparedcomparedcompared atatat eacheacheach decisiondecisiondecision pointpointpoint ininin thethethe sequence.sequence.sequence. 
TheseTheseThese sequentialsequentialsequential processingprocessingprocessing techniquestechniquestechniques areareare nonprobabilisticnonprobabilisticnonprobabilistic ininin structurestructurestructure andandand hence,hence,hence, 
choicechoicechoice outcomeoutcomeoutcome isisis notnotnot probabilistic.probabilistic.probabilistic. AAA well-knownwell-knownwell-known context-dependentcontext-dependentcontext-dependent probabilisticprobabilisticprobabilistic 
modelmodelmodel ininin whichwhichwhich thethethe decisiondecisiondecision processprocessprocess isisis bybyby attributeattributeattribute isisis thethethe elimination-by-aspectelimination-by-aspectelimination-by-aspect (EBA)(EBA)(EBA) 
modelmodelmodel proposedproposedproposed bybyby TverskyTverskyTversky [53].[53].[53]. 

EBA InInIn thisthisthis modelmodelmodel eacheacheach alternativealternativealternative isisis viewedviewedviewed asasas aaa collectioncollectioncollection ofofof aspectsaspectsaspectsTheTheThe ERAERA Model.Model.Model. 
thatthatthat denotedenotedenote allallall valuedvaluedvalued attributesattributesattributes ofofof thethethe alternatives,alternatives,alternatives, includingincludingincluding thethethe quantitativequantitativequantitative attributeattributeattribute 
(e.g.,(e.g.,(e.g., price)price)price) andandand thethethe nominalnominalnominal attributeattributeattribute (e.g.,(e.g.,(e.g., fishfishfish ononon thethethe menu);menu);menu); thethethe choicechoicechoice isisis describeddescribeddescribed 
asasas aaa covertcovertcovert processprocessprocess ofofof eliminationeliminationelimination [53].[53].[53]. TheTheThe EBAEBAEBA characterizescharacterizescharacterizes thethethe choicechoicechoice processprocessprocess asasas 
oneoneone ofofof randomrandomrandom sequentialsequentialsequential eliminationeliminationelimination ofofof multiattributemultiattributemultiattribute alternativesalternativesalternatives untiluntiluntil aaa singlesinglesingle alalal
ternativeternativeternative remains.remains.remains. TheTheThe selectionselectionselection processprocessprocess isisis aaa functionfunctionfunction ofofof onlyonlyonly thosethosethose attributesattributesattributes thatthatthat areareare 
notnotnot commoncommoncommon tototo allallall thethethe alternatives.alternatives.alternatives. TheTheThe detaileddetaileddetailed discussiondiscussiondiscussion ofofof thisthisthis modelmodelmodel cancancan bebebe foundfoundfound 
ininin TverskyTverskyTversky [53].[53].[53]. 

ThereThereThere areareare somesomesome marketingmarketingmarketing applicationsapplicationsapplications ofofof thethethe lexicographiclexicographiclexicographic modelsmodelsmodels (e.g.,(e.g.,(e.g., RussRussRuss [42],[42],[42], 
BettmanBettmanBettman [4]);[4]);[4]); however,however,however, practicalpracticalpractical applicationsapplicationsapplications ofofof thethethe EBAEBAEBA modelmodelmodel ininin marketingmarketingmarketing fieldfieldfield 
areareare sparse.sparse.sparse. InInIn thethethe EBAEBAEBA model,model,model, thethethe modelmodelmodel builderbuilderbuilder mustmustmust aaa prioriprioripriori knowknowknow thethethe criticalcriticalcritical valuesvaluesvalues 
(cutoff(cutoff(cutoff values)values)values) ofofof thethethe aspectsaspectsaspects (attributes)(attributes)(attributes) forforfor eacheacheach individual.individual.individual. TheTheThe questionquestionquestion ofofof obtainingobtainingobtaining 
thisthisthis informationinformationinformation andandand otherotherother datadatadata neededneededneeded forforfor practicalpracticalpractical implementationimplementationimplementation hashashas yetyetyet tototo bebebe 
addressed.addressed.addressed. However,However,However, thethethe recentrecentrecent advancementsadvancementsadvancements ininin thethethe fieldfieldfield havehavehave offeredofferedoffered newnewnew insightsinsightsinsights 
bybyby presentingpresentingpresenting aaa methodologymethodologymethodology ofofof estimatingestimatingestimating thresholdthresholdthreshold valuesvaluesvalues ororor cutpointscutpointscutpoints ofofof thethethe attriattriattri
butes.butes.butes. OneOneOne suchsuchsuch methodmethodmethod knownknownknown asasas thethethe maximum-likelihoodmaximum-likelihoodmaximum-likelihood hierarchicalhierarchicalhierarchical modelmodelmodel isisis 
discusseddiscusseddiscussed here.here.here. 

MaximumMaximumMaximum LikelihoodLikelihoodLikelihood HierarchicalHierarchicalHierarchical Model.Model.Model. AnotherAnotherAnother classclassclass ofofof noncompensatorynoncompensatorynoncompensatory lexlexlex
icographicicographicicographic model,model,model, wherewherewhere thethethe modelmodelmodel builderbuilderbuilder doesdoesdoes notnotnot havehavehave tototo knowknowknow aaa prioriprioripriori thethethe cutoffcutoffcutoff 
valuesvaluesvalues ofofof thethethe attributesattributesattributes ofofof thethethe alternatives,alternatives,alternatives, isisis thethethe maximum-likelihoodmaximum-likelihoodmaximum-likelihood hierarchicalhierarchicalhierarchical 
(MLH)(MLH)(MLH) modelmodelmodel proposedproposedproposed bybyby GenschGenschGensch andandand SvestkaSvestkaSvestka [13].[13].[13]. TheTheThe MLHMLHMLH model,model,model, likelikelike thethethe EBA,EBA,EBA, 
isisis probabilisticprobabilisticprobabilistic andandand accommodatesaccommodatesaccommodates Tversky'sTversky'sTversky's observationobservationobservation thatthatthat choicechoicechoice behaviorbehaviorbehavior isisis oftenoftenoften 
inconsistent,inconsistent,inconsistent, hierarchical,hierarchical,hierarchical, andandand contextcontextcontext dependent.dependent.dependent. MLH,MLH,MLH, whichwhichwhich generatesgeneratesgenerates maximummaximummaximum

(threshold(thresholdlikelihoodlikelihoodlikelihood estimatorsestimatorsestimators ofofof thethethe aggregateaggregateaggregate cutoffcutoffcutoff valuesvaluesvalues (thre hold tolerances),tolerances),tolerances), operatesoperatesoperates ininin 
twotwotwo distinctdistinctdistinct modes:modes:modes: (I)(I)(I) calibrationcalibrationcalibration (generating(generating(generating aggregateaggregateaggregate estimatesestimatesestimates ofofof thethethe thresholdthresholdthreshold 
tolerances),tolerances),tolerances), andandand (2)(2)(2) predictionpredictionprediction (employing(employing(employing thethethe givengivengiven estimatesestimatesestimates tototo predictpredictpredict individualindividualindividual 

thetheresponses).responses).responses). InInIn tfie calibrationcalibrationcalibration mode,mode,mode, MLHMLHMLH generatesgeneratesgenerates thethethe aggregateaggregateaggregate estimatesestimatesestimates ofofof thethethe 
thresholdthresholdthreshold tolerancestolerancestolerances fromfromfrom informationinformationinformation providedprovidedprovided bybyby aaa samplesamplesample ofofof individuals.individuals.individuals. InInIn orderorderorder 
tototo generategenerategenerate thethethe calibratedcalibratedcalibrated coefficients,coefficients,coefficients, informationinformationinformation obtainedobtainedobtained fromfromfrom eacheacheach individualindividualindividual shouldshouldshould 
includeincludeinclude (i)(i)(i) rankrankrank orderorderorder ofofof thethethe attributes,attributes,attributes, indicatingindicatingindicating thethethe sequencesequencesequence ininin whichwhichwhich theytheythey areareare 
considered,considered,considered, (ii)(ii)(ii) aaa setsetset ofofof self-perceivedself-perceivedelf-perceived valuesvaluesvalues ofofof thethethe givengivengiven alternativesalternativesalternatives withwithwith respectrespectrespect tototo 
eacheacheach attribute,attribute,attribute, andandand (iii)(iii)(iii) thethethe individual'sindividual'sindividual's actualactualactual choicechoicechoice ororor finalfinalfinal preferencepreferencepreference rankingrankingranking ofofof 
thethethe alternatives.alternatives.alternatives. AAA discussiondiscussiondiscussion ofofof thethethe decisiondecisiondecision process,process,process, andandand howhowhow thethethe MLHMLHMLH modelmodelmodel 
generatesgeneratesgenerates aggregateaggregateaggregate estimatesestimatesestimates ofofof thethethe cutoffcutoffcutoff valuesvaluesvalues ofofof thethethe criteriacriteriacriteria (attributes)(attributes)(attributes) isisis presentedpresentedpresented 
ininin thethethe appendix.appendix.appendix. 

TheTheThe MLHMLHMLH ModelModelModel isisis usedusedused tototo understandunderstandunderstand thethethe underlyingunderlyingunderlying decisiondecisiondecision processprocessprocess ofofof individualsindividualsindividuals 
andandand tototo predictpredictpredict theirtheirtheir futurefuturefuture choicechoicechoice distributions.distributions.distributions. WhileWhileWhile thethethe EBAEBAEBA modelmodelmodel ininin itsitsits presentpresentpresent 
formformform isisis mostmostmost suitedsuitedsuited forforfor choicechoicechoice decisionsdecisionsdecisions ininin whichwhichwhich keykeykey aspectsaspectsaspects (criteria)(criteria)(criteria) areareare dichotomousdichotomousdichotomous 
andandand uniqueuniqueunique tototo subsetssubsetssubsets ofofof thethethe alternatives,alternatives,alternatives, ininin thethethe MLHMLHMLH model,model,model, thethethe criteriacriteriacriteria areareare commoncommoncommon 
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tototo allallall choicechoicechoice alternatives.alternatives.alternatives. ThoughThoughThough thethethe MLHMLHMLH modelmodelmodel isisis aaa usefulusefuluseful counterpartcounterpartcounterpart ofofof thethethe EBAEBAEBA 
procedure,procedure,procedure, itsitsit useuseuse ininin thethethe predictionpredictionprediction modelmodelmodel withinwithinwithin aaa DSSDSSDSS frameworkframeworkframework requiresrequiresrequires highhighhigh 
stabilitystabilitystability ininin thethethe waywayway individualsindividualsindividuals considerconsiderconsider preferences.preferences.preferences. IfIfIf suchsuchsuch stabilitystabilitystability isisis notnotnot experienced,experienced,experienced, 
thethethe MLHMLHMLH modelmodelmodel maymaymay dododo littlelittlelittle betterbetterbetter thanthanthan aaa simplesimplesimple additiveadditiveadditive multiattributemultiattributemultiattribute utilityutilityutility modelmodelmodel 
ininin thethethe predictionpredictionprediction mode.mode.mode. TheTheThe areasareasareas ofofof applicationapplicationapplication includeincludeinclude transportationtransportationtransportation studies,studies,studies, ininin
dustrialdustrialdustrial marketingmarketingmarketing studiesstudiesstudies [13],[13],[13], andandand consumer-behaviorconsumer-behaviorconsumer-behavior areasareasareas [12].[12].[12]. 

TheTheThe sequentialsequentialsequential eliminationeliminationelimination methodsmethodsmethods presentedpresentedpresented aboveaboveabove areareare builtbuiltbuilt ononon thethethe notionnotionnotion ofofof 
noncompensatorynoncompensatorynoncompen atory behavior.behavior.behavior. AnAnAn evaluationevaluationevaluation ofofof thesethesethese modelsmodelsmodels ininin DSSDSSDSS frameworkframeworkframework iisis preprepre
sentedsentedsented ininin TableTableTable I.I.I. AnotherAnotherAnother typetypetype ofofof MCDMMCDMMCDM modelmodelmodel isisis builtbuiltbuilt ononon thethethe multiattributemultiattributemultiattribute utilityutilityutility 
theorytheorytheory (MAUT)(MAUT)(MAUT) decisiondecisiondecision paradigm.paradigm.paradigm. TheTheThe followingfollowingfollowing discussiondiscussiondiscussion focusesfocusesfocuses ononon thisthisthis topic.topic.topic. 

Multiattribute-Utility-Multiattribute-Utility-Multiattribute-Utility-Theory-BasedTheory-BasedTheory-Based ModelsModelsModels 

MultiattributeMultiattributeMultiattribute utilityutilityutility theorytheorytheory (MAUT)(MAUT)(MAUT) isisis aaa well-knownwell-knownwell-known andandand widelywidelywidely acceptedacceptedaccepted approach.approach.approach. 
MAUTMAUTMAUT analysisanalysisanalysis developeddevelopeddeveloped bybyby KeeneyKeeneyKeeney andandand RaiffaRaiffaRaiffa [27][27][27] andandand othersothersothers hashashas shownshownshown greatgreatgreat 
effectivenesseffectivenesseffectiveness ininin articulatingarticulatingarticulating valuevaluevalue tradeoffstradeoffstradeoffs amongamongamong criteriacriteriacriteria ororor attributes.attributes.attributes. InInIn thethethe analysisanalysisanalysis 
ofofof marketingmarketingmarketing problems,problems,problems, thethethe focusfocusfocus ofofof marketingmarketingmarketing researchresearchresearch isisis tototo understandunderstandunderstand andandand predictpredictpredict 
thethethe behaviorbehaviorbehavior ofofof consumersconsumersconsumers ininin thethethe marketplacemarketplacemarketplace usingusingusing thethethe MAUTMAUTMAUT approach.approach.approach. TheTheThe ununun

assumptionsassumptions practitionerspractitioners andandand rererederlyingderlyingderlying a umptions andandand structurestructurestructure ofofof thethethe MAUTMAUTMAUT modelmodelmodel allowsallowsallows practitioner 
searcherssearcherssearchers tototo betterbetterbetter understandunderstandunderstand thethethe underpinningsunderpinningsunderpinnings ofofof marketmarketmarket behavior.behavior.behavior. 

TheTheThe eee modelmodelsmodels pacederivederivederive theirtheirtheir mathematicalmathematicalmathematical functionfunctionfunction fromfromfrom aaa descriptiondescriptiondescription spacespace ofofof choicechoicechoice 
outcomes,outcomes,outcome, problemproblemproblem assumptions,assumptions,assumptions, andandand aaa decisiondecisiondecision maker'smaker'smaker's tastestastestastes ontoontoonto aaa unidimensionalunidimensionalunidimensional 
scalescalescale ofofof value,value,value, calledcalledcalled utilityutilityutility [28].[28].[28]. TheTheThe MAUTMAUTMAUT modelsmodelsmodels cancancan bebebe linearlinearlinear ororor nonlinear.nonlinear.nonlinear. LetLetLet 
ususus definedefinedefine aaa set I, z ,, A j , withwithwith eacheacheach oneoneone quantitativelyquantitativelyquantitatively describeddescribeddescribedetet ofofof alternativesalternativesalternatives asasas AAA 1>I> AAA22 . . . ,A,Aj,j, 

Zz, ... ,Zk>,Zko eacheacheach ofofof whichwhichwhich hashashas subjectivesubjectivesubjective importanceimportanceimportancealongalongalong kkk criteriacriteriacriteria ororor attributesattributesattributes ZI,ZI,ZI, Z2,Z2, ,Zb 
deci ion j,j,13;13;13; tototo decisionthethethe decision maker.maker.maker. ForForFor computingcomputingcomputing thethethe utilityutilityutility ofofof ananan alternativealternativealternative AAAj , thethethe additiveadditiveadditive 

modelmodelmodel takestakestakes thethethe followingfollowingfollowing form:form:form: 
kkk 

l3iZ;(A (2)(2)(2)U(AU(AU(A)jj )) === 130130130 +++ LLL I3;Z;(AI3;Z;(A jjj ),),), 

;= I;=1;=1 

Zi(Awherewherewhere Z;(AZ;(A)jj meansmeans)) means alternativealternativealternative j'sj'sj's scorescorescore ororor valuevaluevalue ofofof attributeattributeattribute i.i.i. TheTheThe alternativealternativealternative thatthatthat 
hashashas thethethe highesthighesthighest utilityutilityutility isisis preferredpreferredpreferred asasas thethethe "rational""rational""rational" choice.choice.choice. TheTheThe aboveaboveabove additiveadditiveadditive formformform 
isisis widelywidelywidely usedusedused ininin practicepracticepractice becausebecausebecause ofofof itsitsits simplicity.implicity.implicity. 

ToToTo discerndiscerndiscern thethethe underlyingunderlyingunderlying marketmarketmarket behaviorbehaviorbehavior ofofof choosingchoosingchoosing fromfromfrom amongamongamong discretediscretediscrete alteralteralter
LINMAPLINMAPnatives,natives,natives, commonlycommonlycommonly employedemployedemployed MAUTMAUTMAUT modelsmodelsmodels areareare conjointconjointconjoint measurementmeasurementmeasurement [16],[16],[16], LLNMAP 

[52],[52],[52], andandand ZiontsZiontsZionts methodmethodmethod [59].[59].[59]. TheseTheseThese MAUTMAUTMAUT methodsmethodsmethods areareare brieflybrieflybriefly discusseddiscusseddiscussed below.below.below. 
LlNMAPLlNMAPLlNMAP (Linear(Linear(Linear ProgrammingProgrammingProgramming TechniquesTechniquesTechniques forforfor MultidimensionalMultidimensionalMultidimensional AnalysisAnalysisAnalysis ofofofPrefPrefPref

erences).erences).erences). TheTheThe LLNMAP methodology,methodology,methodology, proposedproposedproposed bybyby SrinivasanSrinivasanSrinivasan andandand SchockerSchockerSchocker [52],[52],[52],LINMAPLINMAP 
isis usedusedused tototo analyzeanalyzeanalyze individualindividualindividual differencesdifferencesdifferences ininin preferencepreferencepreference judgmentsjudgmentsjudgments withwithwith regardregardregard tototo aaa setsetseti 
ofofof stimulistimulistimuli (alternatives).(alternatives).(alternatives). InInIn thisthisthis model,model,model, thethethe stimulistimulistimuli areareare representedrepresentedrepresented asasas pointspointspoints ininin aaa spacespacespace 
knownknownknown asasas thethethe multiattributemultiattributemultiattribute space.space.space. ItItIt assumesassumesassumes thatthatthat thethethe decisiondecisiondecision makermakermaker hashashas ananan idealidealideal 
pointpointpoint denotingdenotingdenoting aaa most-preferredmost-preferredmost-preferred locationlocationlocation ininin thethethe attributeattributeattribute space.space.space. GivenGivenGiven twotwotwo stimuli,stimuli,stimuli, ananan 
individualindividualindividual decisiondecisiondecision makermakermaker isisis presumedpresumedpresumed tototo preferpreferprefer thethethe stimulusstimulusstimulus (alternative)(alternative)(alternative) whichwhichwhich isisis 
"closer""closer""closer" tototo hishishi distance,distance,idealidealideal point.point.point. AsAsAs aaa measuremeasuremeasure ofofof di tance, eithereithereither thethethe EuclideanEuclideanEuclidean metricmetricmetric ororor 
thethethe weightedweightedweighted EuclideanEuclideanEuclidean metricmetricmetric (where(where(where thethethe dimensionsdimensionsdimensions areareare differentlydifferentlydifferently weightedweightedweighted forforfor 
differentdifferentdifferent individuals)individuals)individuals) isisis normallynormallynormally used.used.used. AAA linear-programminglinear-programminglinear-programming modelmodelmodel isisis usedusedused tototo estimateestimateestimate 
thethethe coordinatescoordinatescoordinates ofofof his/herhis/herhis/her idealidealideal pointpointpoint (in(in(in termstermsterms ofofof thethethe objectiveobjectiveobjective value)value)value) andandand thethethe weightsweightsweights 
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that reveal the relative importance of the attributes. For additional details of this model 
see Srinivasan and Shocker [52]. A computer-based program is available from Sri
nivasan and Shocker. It is widely used in the marketing area to try to develop and 
position new product-s in terms of consumer preferences. 

Conjoint Measurement. Conjoint measurement (CM) is concerned with combining 
a set of independent variables in some functional form to predict the values of the 
dependent variable. CM starts with the consumer's overall or global judgments about 
a set of product alternatives. It then performs a rather remarkable job of decomposing 
his/her original evaluations into separate and compatible utility scales by which original 
global judgments can be reconstituted. Being able to separate overall judgments into 
psychological components in this manner can provide a manager with valuable infor
mation about the relative importance of various attributes of a product. It also permits 
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that reveal the relative importance of the attributes. For additional details of this model 
see Srinivasan and Shocker [52]. A computer-based program is available from Sri
nivasan and Shocker. It is widely used in the marketing area to try to develop and 
position new products in terms of consumer preferences. 

Conjoint Measurement. Conjoint measurement (CM) is concerned with combining 
a set of independent variables in some functional form to predict the values of the 
dependent variable. CM starts with the consumer's overall or global judgments about 
a set of product alternatives. It then performs a rather remarkable job of decomposing 
his/her original evaluations into separate and compatible utility scales by which original 
global judgments can be reconstituted. Being able to separate overall judgments into 
psychological components in this manner can provide a manager with valuable infor
mation about the relative importance of various attributes of a product. It also permits 
determinationdetermination ofof consumerconsumer part-worthpart-worth utilitiesutilities forfor differentdifferent attributesattributes andand theirtheir levels.levels. 
UnderstandingUnderstanding ofof suchsuch part-worthspart-worths wouldwould enableenable thethe managermanager toto decidedecide whatwhat thethe basicbasic 
featuresfeatures ofof thethe productproduct offeringsofferings shouldshould be,be, andand atat whatwhat levelslevels shouldshould thesethese featuresfeatures 
bebe offered.offered. 

[16], [15]GreenGreen andand WindWind [17],[17], GreenGreen andand SrinivasanSrinivasan [/6], andand GreenGreen andand RaoRao [/5J discussdiscuss 
applicationsapplications ofof conjointconjoint measurementmeasurement toto conceptconcept testingtesting andand productproduct design,design, andand ideniden
tifytify thethe potentialpotential usesuses ofof thethe conjointconjoint measurementmeasurement approach.approach. TheyThey alsoalso demonstratedemonstrate 
howhow thethe conjointconjoint measurementmeasurement methodologymethodology cancan bebe integratedintegrated withwith otherother multidimenmultidimen
sionalsional scalingscaling techniquestechniques toto helphelp managersmanagers developdevelop product-positioningproduct-positioning stragegies.stragegies. 

BothBoth conjointconjoint measurementmeasurement andand LINMAPLINMAP areare basedbased onon thethe utilityutility principleprinciple ofof 
compensatorycompensatory choicechoice behavior,behavior, wherewhere thethe attributesattributes ofof thethe alternativesalternatives areare simultasimulta
neouslyneously combinedcombined intointo oneone functionalfunctional form.form. InIn thethe additiveadditive formform ofof thethe conjointconjoint 
measurementmeasurement aa linearlinear utilityutility functionfunction isis specified,specified, whereaswhereas LINMAPLINMAP proposesproposes aa quadquad
raticratic utilityutility function.function. AnAn evaluationevaluation ofof thesethese modelsmodels inin DSSDSS frameworkframework isis presentedpresented 
inin TableTable I.I. AnotherAnother method,method, proposedproposed byby ZiontsZionts [59],[59], assumesassumes aa linearlinear utilityutility functionfunction 
eveneven thoughthough aa truetrue utilityutility functionfunction isis notnot estimated.estimated. ThisThis approachapproach isis explicatedexplicated brieflybriefly 
below.below. 

Zionts'Zionts' MethodMethod forfor ChoosingChoosing fromfrom AmongAmong DiscreteDiscrete Alternatives.Alternatives. ThisThis methodmethod 
assumesassumes thatthat thethe setset ofof availableavailable alternativesalternatives cancan bebe listedlisted andand evaluatedevaluated basedbased onon 
differentdifferent criteriacriteria oror objectives.objectives. TheThe methodmethod assumesassumes thatthat thethe decisiondecision makermaker wantswants toto 

'inmaximizemaximize 'ln unspecifiedunspecified concaveconcave functionfunction ofof insatiableinsatiable objectives.objectives. 
TheThe initialinitial stepstep consistsconsists ofof maximizingmaximizing aa weightedweighted sumsum ofof objectivesobjectives andand findingfinding aa 

preferredpreferred solutionsolution (the(the initialinitial weightsweights maymay bebe assignedassigned arbitrarily).arbitrarily). ThisThis preferredpreferred 
solutionsolution becomesbecomes thethe referencereference solutionsolution inin thethe nextnext stagestage ofof thethe decisiondecision process.process. ThisThis 
referencereference solutionsolution isis comparedcompared toto thethe sequencesequence ofof alternativesalternatives oneone atat aa timetime andand thethe 
decisiondecision makermaker isis askedasked toto choosechoose thethe preferredpreferred solutionsolution inin eacheach pair.pair. BasedBased onon hishis 
responses,responses, aa newnew setset ofof weightsweights consistentconsistent withwith thethe choiceschoices mademade areare chosen.chosen. ThisThis setset 
ofof weightsweights isis thenthen usedused toto obtainobtain aa newnew preferredpreferred solutionsolution (alternative)(alternative) whichwhich maximizesmaximizes 
thethe correspondingcorresponding weightedweighted sumsum ofof thethe objectives.objectives. ThisThis newnew solutionsolution isis presentedpresented toto 
thethe decisiondecision maker.maker. IfIf thisthis solutionsolution isis preferredpreferred toto thethe referencereference solution,solution, thethe newnew 
solutionsolution becomesbecomes thethe referencereference solutionsolution (alternative).(alternative). OtherwiseOtherwise aa differentdifferent referencereference 
alternativealternative isis found.found. TheThe processprocess continuescontinues untiluntil nono alternativealternative isis preferredpreferred overover thethe 
currentcurrent referencereference solution.solution. AtAt thatthat point,point, thethe mostmost preferredpreferred solutionsolution andand aa rankingranking 
basedbased onon thethe decisiondecision maker'smaker's responsesresponses isis preparedprepared toto assistassist inin thethe decision-makingdecision-making 
process.process. TheThe algorithmalgorithm identifiesidentifies aa smallsmall subsetsubset ofof preferredpreferred alternativesalternatives whichwhich shouldshould 
containcontain thethe "best""best" alternative.alternative. TheThe algorithmalgorithm terminatesterminates whenwhen thethe numbernumber ofof alternativesalternatives 
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remainingremainingremaining areareare veryveryvery small.small.small. TheTheThe methodmethodmethod isisis notnotnot restrictedrestrictedrestricted tototo situationssituationssituations wherewherewhere thethethe underlyingunderlyingunderlying 
preferencespreferencespreferences areareare additive.additive.additive. 

TheTheThe aboveaboveabove methodmethodmethod hashashas beenbeenbeen usedusedused satisfactorilysatisfactorilysatisfactorily whenwhenwhen thethethe numbernumbernumber ofofof alternativesalternativesalternatives areareare 
large.large.large. SeveralSeveralSeveral substantialsubstantialsubstantial improvementsimprovementsimprovements ininin thethethe methodmethodmethod havehavehave beenbeenbeen mademademade [30].[30].[30]. AnAnAn 
evaluationevaluationevaluation ofofof thisthisthis modelmodelmodel ininin DSSDSSDSS frameworkframeworkframework isisis presentedpresentedpresented ininin TableTableTable 1.1.1. Finally,Finally,Finally, thisthisthis sectionsectionsection 
willwillwill concludeconcludeconclude bybyby discussingdiscussingdiscussing anotheranotheranother importantimportantimportant MCDMMCDMMCDM model,model,model, goalgoalgoal programming.programming.programming. 

Goal-ProgrammingGoal-ProgrammingGoal-Programming Models.Models.Models. GoalGoalGoal programmingprogrammingprogramming (GP)(GP)(GP) isisis ananan extensionextensionextension ofofof aaa mathmathmath
ematicalematicalematical programmingprogrammingprogramming model.model.model. InIn thisthisthis methodmethodmethod thethethe decisiondecisiondecision makermakermaker attemptsattemptsattempts tototo achieveachieveachieve 
aaa "satisfactory""satisfactory""satisfactory" levellevellevel ofofof multiplemultiplemultiple objectives,objectives,objectives, ratherratherrather thanthanthan thethethe bestbestbest possiblepossiblepossible outcomeoutcomeoutcome forforfor 

Ip 

aaa singlesinglesingle objective (as(as(as ininin linearlinearlinear programming).programming).programming). 
TheTheThe fundamentalfundamentalfundamental notionnotionnotion ofofof goalgoalgoal programmingprogrammingprogramming involvesinvolvesinvolves incorporatingincorporatingincorporating allallall managerialmanagerialmanagerial 

goalsgoalsgoals intointointo aaa systemsystemsystem modelmodelmodel formulation.formulation.formulation. InInIn thethethe GPGPGP formulation,formulation,formulation, thethethe decisiondecisiondecision makermakermaker 
specifiesspecifiesspecifies acceptableacceptableacceptable ororor desirabledesirabledesirable levelslevelslevels ononon singlesinglesingle attributeattributeattribute valuesvaluesvalues (this(this(this isisis aaa constraintconstraintconstraint 
ononon oneoneone variable),variable),variable), ororor ononon combinationscombinationscombinations ofofof attributesattributesattributes (constraints(constraints(constraints ononon moremoremore thanthanthan oneoneone 
variable),variable),variable), andandand thesethesethese serveserveserve asasas thethethe primaryprimaryprimary goals.goals.goals. InInIn GP,GP,GP, insteadinsteadinstead ofofof attemptingattemptingattempting tototo 
maximizemaximizemaximize ororor minimizeminimizeminimize thethethe objectiveobjectiveobjective functionfunctionfunction directly,directly,directly, asasas ininin linearlinearlinear (or(or(or nonlinear)nonlinear)nonlinear) 
programming,programming,programming, thethethe deviationsdeviationsdeviations fromfromfrom thethethe desireddesireddesired goalsgoalsgoals areareare minimized.minimized.minimized. GeneralGeneralGeneral surveyssurveyssurveys 
ofofof goalgoalgoal programmingprogrammingprogramming areareare givengivengiven ininin CharnesCharnesCharnes andandand CooperCooperCooper [10][10][10] andandand IgnizioIgnizioIgnizio [20].[20].[20]. 

InteractiveInteractiveInteractive goalgoalgoal programming,programming,programming, ononon thethethe otherotherother hand,hand,hand, beginsbeginsbegins withwithwith equalequalequal weightsweightsweights ononon allallall 
thethethe goals.goals.goals. TheTheThe weightsweightsweights areareare thenthenthen changedchangedchanged tototo reflectreflectreflect thethethe feedbackfeedbackfeedback ofofof thethethe decisiondecisiondecision maker.maker.maker. 
ForForFor ananan interactiveinteractiveinteractive multiple-objectivemultiple-objectivemultiple-objective linearlinearlinear programmingprogrammingprogramming model,model,model, referreferrefer tototo thethethe ZiontsZiontsZionts 
andandand WallneiusWallneiusWallneius [61][61][61] approach.approach.approach. AnAnAn evaluationevaluationevaluation ofofof goalgoalgoal programmingprogrammingprogramming ininin DSSDSSDSS frameworkframeworkframework 
isisis presentedpresentedpresented ininin TableTableTable 1.1.1. ___ 

InInIn thisthisthis section,section,section, differentdifferentdifferent methodsmethodsmethods ofofof dealingdealingdealing withwithwith multiattributemultiattributemultiattribute ororor multiplemultiplemultiple objectiveobjectiveobjective 
problemsproblemsproblems areareare explicated.explicated.explicated. EvidenceEvidenceEvidence ononon thethethe applicabilityapplicabilityapplicability ofofof singlesinglesingle MCDMMCDMMCDM modelsmodelsmodels exists.exists.exists. 
However,However,However, availableavailableavailable literature,literature,literature, thoughthoughthough limited,limited,limited, indicatesindicatesindicates thatthatthat combiningcombiningcombining thesethesethese modelsmodelsmodels 

objeCtiveobjeCtive 

multiobjectivemultiobjectivetototo solvesolvesolve multiattribute,multiattribute,multiattribute, multicriterion,multicriterion,multicriterion, ororor multiobjective problemsproblemsproblems maymaymay resultresultresult ininin betterbetterbetter 
performance.performance.performance. SomeSomeSome ofofof thethethe applicationsapplicationsapplications wherewherewhere moremoremore thanthanthan oneoneone modelmodelmodel areareare usedusedused areareare 
describeddescribeddescribed next.next.next. ... 

Mixed~ModelingMCDMMCDMMCDM Mixed-ModelingMixed-Modeling ApproachApproachApproach 

InInIn theirtheirtheir recentrecentrecent work,work,work, O'LearyO'LearyO'Leary andandand O'LearyO'LearyO'Leary [40][40][40] indicatedindicatedindicated howhowhow thethethe conjointconjointconjoint meameamea
surementsurementsurement approachapproachapproach cancancan bebebe integratedintegratedintegrated withwithwith goalgoalgoal programmingprogrammingprogramming tototo formformform aaa usefulusefuluseful decisiondecisiondecision 
tool.tool.tool. ThisThisThis algorithmicalgorithmicalgorithmic approachapproachapproach allowsallowsallows thethethe developmentdevelopmentdevelopment ofofof modelsmodelsmodels thatthatthat reflectreflectreflect aaa manmanman
ager'sager'sager's decisionsdecisionsdecisions andandand multiplemultiplemultiple goals.goals.goals. Accordingly,Accordingly,Accordingly, thethethe approachapproachapproach cancancan formformform thethethe algoalgoalgo
rithmicrithmicrithmic corecorecore ofofof aaa DSS.DSS.DSS. InInIn anotheranotheranother studystudystudy whichwhichwhich evaluatesevaluatesevaluates thethethe performanceperformanceperformance ofofof fivefivefive 

[29Jalgorithmsalgorithmsalgorithms forforfor multicriteriamulticriteriamulticriteria decisiondecisiondecision making,making,making, KhairullahKhairullahKhairullah andandand [29ZiontsZiontsZionts [29JJ discussdiscussdiscuss mixedmixedmixed 
models.models.models. TheyTheyThey comparedcomparedcompared LINMAP,LINMAP,LINMAP, conjointconjointconjoint measurement,measurement,measurement, ORDREGORDREGORDREG (ordinal(ordinal(ordinal regresregresregres
sion),sion),sion), thethethe mixedmixedmixed modelmodelmodel (LINMAP(LINMAP(LINMAP andandand ORDREG),ORDREG),ORDREG), andandand Ziont'sZiont'sZiont's [61][61][61] interactiveinteractiveinteractive alalal
gorithm,gorithm,gorithm, ononon severalseveralseveral criteria,criteria,criteria, includingincludingincluding thethethe computationalcomputationalcomputational effortefforteffort required.required.required. TheseTheseThese modelsmodelsmodels 
focusfocusfocus ononon evaluatingevaluatingevaluating aaa setsetset ofofof alternativesalternativesalternatives tototo arrivearrivearrive atatat aaa preferencepreferencepreference rankingrankingranking ofofof eithereithereither thethethe 
entireentireentire set,set,set, ororor aaa subsetsubsetsubset ofofof thethethe availableavailableavailable alternatives.alternatives.alternatives. TheyTheyThey notednotednoted thatthatthat LINMAP,LINMAP,LINMAP, OROROR
DREG,DREG,DREG, MIXED,MIXED,MIXED, andandand conjointconjointconjoint measurementmeasurementmeasurement modelsmodelsmodels performedperformedperformed equallyequallyequally wellwellwell ininin preprepre
dictingdictingdicting truetruetrue preferencepreferencepreference order,order,order, withwithwith thethethe mixedmixedmixed modelmodelmodel havinghavinghaving aaa slightslightslight edgeedgeedge overoverover thethethe 
otherotherother models.models.models. OtherOtherOther researchersresearchersresearchers workingworkingworking ininin thethethe marketingmarketingmarketing fieldfieldfield havehavehave utilizedutilizedutilized mixedmixedmixed 
modelsmodelsmodels tototo analyzeanalyzeanalyze choicechoicechoice decisionsdecisionsdecisions [32,[32,[32, 41,41,41, 42,42,42, 55].55].55]. 

ThisThisThis trendtrendtrend towardstowardstowards mixedmixedmixed modelingmodelingmodeling cancancan bebebe supportedsupportedsupported bybyby thethethe recentrecentrecent developmentsdevelopmentsdevelopments ininin 
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thethethe areaareaarea ofDSS,ofDSS,ofDSS, specificallyspecificallyspecifically thethethe developmentdevelopmentdevelopment ofofofmodelmodelmodel managementmanagementmanagement systems.systems.systems. TheTheThe modelsmodelsmodels 
(MCDM(MCDM(MCDM andandand otherotherother models)models)models) usedusedused ininin thethethe DSSDSSDSS areareare managedmanagedmanaged asasas ananan organizationalorganizationalorganizational resourceresourceresource 
bybyby thethethe modelmodelmodel managementmanagementmanagement system.system.system. ThisThisThis providesprovidesprovides supportsupportsupport forforfor modelmodelmodel representationrepresentationrepresentation andandand 
manipulationmanipulationmanipulation whichwhichwhich refersrefersrefers tototo thethethe processprocessprocess ofofof automaticallyautomaticallyautomatically selecting,selecting,selecting, sequencing,sequencing,sequencing, andandand acacac
tivatingtivatingtivating thethethe rightrightright modelmodelmodel unitsunitsunits (given(given(given aaa model-boundmodel-boundmodel-bound decisiondecisiondecision problem)problem)problem) fromfromfrom aaa modelmodelmodel base.base.base. 

ModelModelModel manipulationmanipulationmanipulation alsoalsoalso requiresrequiresrequires thethethe availabilityavailabilityavailability ofofof informationinformationinformation concerningconcerningconcerning thethethe useuseuse 
ofofof thethethe variousvariousvarious modelmodelmodel unitsunitsunits ininin thethethe modelmodelmodel base.base.base. TheTheThe generalgeneralgeneral approachapproachapproach forforfor modelmodelmodel manmanman
agementagementagement isisis tototo storestorestore expertexpertexpert knowledgeknowledgeknowledge (for(for(for selectionselectionselection andandand sequencingsequencingsequencing models)models)models) ininin thethethe 

·relatedknowledgeknowledgeknowledge basebasebase andandand allallall relatedrelated modelsmodelsmodels ininin thethethe modelmodelmodel base.base.base. TheTheThe knowledgeknowledgeknowledge basebasebase cancancan 
serveserveserve asasas aaa frontfrontfront endendend tototo thethethe modelmodelmodel basebasebase supportingsupportingsupporting thethethe problemproblemproblem explorationexplorationexploration andandand conconcon
ceptualceptualceptual modelmodelmodel buildingbuildingbuilding withinwithinwithin thethethe generalgeneralgeneral decisiondecisiondecision problemproblemproblem handlinghandlinghandling framework.framework.framework. AAA 
comprehensivecomprehensivecomprehensive reviewreviewreview ofofof model-managementmodel-managementmodel-management techniquestechniquestechniques cancancan bebebe foundfoundfound ininin [6].[6].[6]. ThusThusThus 
model-managementmodel-managementmodel-management techniquestechniquestechniques cancancan bebebe usedusedused forforfor combiningcombiningcombining variousvariousvarious MCDMMCDMMCDM modelsmodelsmodels andandand 
cancancan alsoalsoalso bebebe usedusedused forforfor integratingintegratingintegrating MCDMMCDMMCDM modelsmodelsmodels withwithwith otherotherother modelsmodelsmodels tototo provideprovideprovide improvedimprovedimproved 
solutionssolutionssolutions tototo thethethe multicriterionmulticriterionmulticriterion problems.problems.problems. MoreMoreMore workworkwork ininin thisthisthis areaareaarea isisis requiredrequiredrequired tototo useuseuse thisthisthis 
approachapproachapproach successfullysuccessfullysuccessfully ininin decisiondecisiondecision making.making.making. TheTheThe nextnextnext sectionsectionsection describesdescribesdescribes thethethe rolerolerole ofofof 
MCDMMCDMMCDM modelsmodelsmodels withinwithinwithin thethethe frameworkframeworkframework ofofof DSS.DSS.DSS. 

4.4.4. THETHETHE ROLEROLEROLE OFOFOF MCDMMCDMMCDM MODELSMODELSMODELS INININ DSSDSSDSS 

AsAsAs statedstatedstated bybyby ZelenyZelenyZeleny [58,[58,[58, p.p.p. 1]1]1] thethethe evolvingevolvingevolving consensusconsensusconsensus ofofof contributorscontributorscontributors tototo MCDMMCDMMCDM isisis 
tototo "let"let"let thethethe humanhumanhuman decisiondecisiondecision makermakermaker becomebecomebecome aaa corecorecore aroundaroundaround whichwhichwhich tototo buildbuildbuild ourourour techniques,techniques,techniques, 
adaptingadaptingadapting themthemthem tototo his/herhis/herhis/her needsneedsneeds andandand amplifyingamplifyingamplifying his/herhis/herhis/her decisiondecisiondecision makingmakingmaking powers."powers."powers." LettingLettingLetting 
thethethe manmanman in,in,in, viaviavia man-machineman-machineman-machine interfaceinterfaceinterface seemsseemsseems tototo bebebe aaa processprocessprocess ofofof considerableconsiderableconsiderable promise.promise.promise. 

matGhTheseTheseThese objectivesobjectivesobjectives ofofof thethethe MCDMMCDMMCDM matc;hmodelsmodelsmodels matc;h veryveryvery closelycloselyclosely withwithwith thethethe objectivesobjectivesobjectives ofofof 
DSS's.DSS's.DSS's. TheTheThe confluenceconfluenceconfluence ofofof thesethesethese twotwotwo approachesapproachesapproaches formsformsforms aaa majormajormajor resourceresourceresource whichwhichwhich decisiondecisiondecision 
makersmakersmakers cancancan useuseuse ininin thethethe processprocessprocess ofofof dealingdealingdealing withwithwith unstructuredunstructuredunstructured problems.problems.problems. 

BasedBasedBased ononon thethethe MCDMMCDMMCDM modelsmodelsmodels reviewedreviewedreviewed ininin thethethe precedingprecedingpreceding section,section,section, importantimportantimportant charcharchar
acteristicsacteristicsacteristics ofofof thesethesethese modelsmodelsmodels cancancan bebebe summarizedsummarizedsummarized asasas follows.follows.follows. 

1.	 	 TheyTheyThey permitpermitpermit thethethe analysisanalysisanalysis ofofof severalseveralseveral criteria,criteria,criteria, wherewherewhere thethethe criteriacriteriacriteria maymaymay bebebe quantifiablequantifiablequantifiable (e.g.,(e.g.,(e.g.,I.I. 
price),price),price), nonquantifiable,nonquantifiable,nonquantifiable, (e.g.,(e.g.,(e.g., convenience),convenience),convenience), ororor alsoalsoalso maymaymay bebebe conflictingconflictingconflicting [24,[24,[24, 49,49,49, 59].59].59]. 

2.	2.	2.	 TheyTheyThey allowallowallow thethethe decisiondecisiondecision makermakermaker tototo evaluateevaluateevaluate criteriacriteriacriteria andandand alternativesalternativesalternatives bybyby suchsuchsuch proceduresproceduresprocedures asasas 
weighting,weighting,weighting, ranking,ranking,ranking, ororor ratingratingrating them.them.them. 

3.	3.	3.	 TheyTheyThey permitpermitpermit thethethe decisiondecisiondecision makermakermaker tototo whittlewhittlewhittle downdowndown aaa largelargelarge setsetset ofofof alternativesalternativesalternatives tototo aaa meaningfulmeaningfulmeaningful 
sizesizesize bybyby evaluatingevaluatingevaluating thethethe alternativesalternativesalternatives ononon variousvariousvarious criteria.criteria.criteria. 

4.	4.	4.	 TheyTheyThey cancancan bebebe usedusedused tototo findfindfind goodgoodgood ororor acceptableacceptableacceptable solutions,solutions,solutions, compromisecompromisecompromise solutions,solutions,solutions, ororor highhighhigh
confidenceconfidenceconfidence solutions.solutions.solutions. 

5.	5.	5.	 TheTheThe modelingmodelingmodeling techniquestechniquestechniques becomebecomebecome moremoremore realistic,realistic,realistic, moremoremore flexible,flexible,flexible, andandand moremoremore acceptableacceptableacceptable tototo 
infonnationdecisiondecisiondecision makers;makers;makers; theytheythey permitpermitpermit managersmanagersmanagers tototo introduceintroduceintroduce informationsubjectivesubjectivesubjective information duringduringduring thethethe decisiondecisiondecision 

process.process.process. 
6.	6.	6.	 MCDMMCDMMCDM techniquestechniquestechniques cancancan serveserveserve asasas formalformalformal toolstoolstools forforfor preferencepreferencepreference surfacing,surfacing,surfacing, preferencepreferencepreference aggregation,aggregation,aggregation, 

negotiation,negotiation,negotiation, andandand mediation,mediation,mediation, bothbothboth ininin friendlyfriendlyfriendly andandand ininin noncooperativenoncooperativenoncooperative decisiondecisiondecision situationssituationssituations [23].[23].[23]. 

SectionSectionSection 222 presentedpresentedpresented thethethe followingfollowingfollowing referencereferencereference criteriacriteriacriteria tototo assessassessassess thethethe effectivenesseffectivenesseffectiveness andandand 
performanceperformanceperformance ofofof thethethe DSS:DSS:DSS: (i)(i)(i) emphasisemphasisemphasis ononon semistructuredsemistructuredsemistructured andandand unstructuredunstructuredunstructured decisions,decisions,decisions, 

(ij)(ii)(ii)(ii) shouldshouldshould provideprovideprovide controlcontrolcontrol tototo decisiondecisiondecision maker,maker,maker, (Ei)(Ei) assistanceassistanceassistance ininin allallall phasesphasesphases ofofof decisiondecisiondecision 
making,making,making, andandand (iv)(iv)(iv) easeeaseease ofofof use.use.use. ToToTo discussdiscussdiscuss thethethe rolerolerole ofofof MCDMMCDMMCDM modelsmodelsmodels ininin DSS,DSS,DSS, ititit isisis 
necessarynecessarynecessary tototo examineexamineexamine whetherwhetherwhether ororor notnotnot thethethe MCDMMCDMMCDM modelsmodelsmodels complycomplycomply withwithwith thethethe aboveaboveabove 
desirabledesirabledesirable featuresfeaturesfeatures ofofof DSS.DSS.DSS. 



Integrating Multiple Criteria Decision Making Models

MCDMMCDM modelsmodels appearappear inin aa varietyvariety ofof structuresstructures andand forms.forms. SomeSome modelsmodels thatthat areare 
basedbased onon multiobjectivemultiobjective programmongprogrammong techniquestechniques areare highlyhighly structured,structured, whilewhile thosethose 
basedbased onon heuristicsheuristics areare applicableapplicable toto ill-structuredill-structured problems.problems. However,However, thethe inherentinherent 
capabilitycapability ofof MCDMMCDM modelsmodels allowsallows thethe useruser toto copecope withwith ill-structuredill-structured problemsproblems betterbetter 
thanthan conventionalconventional ORJMSORJMS models.models. ThisThis notionnotion ofof "unstructuredness""unstructuredness" isis furtherfurther corcor
roboratedroborated byby MooreMoore andand ChangChang [38][38] andand BonczekBonczek etet ai.ai. [5].[5]. ThusThus MCDMMCDM models,models, 
byby theirtheir veryvery nature,nature, seemseem toto supportsupport thethe criteriacriteria thatthat theythey areare usedused toto solvesolve semisemi
structuredstructured andand unstructuredunstructured decisiondecision problems.problems. 

MCDMMCDM modelsmodels allowallow considerationconsideration ofof aa numbernumber ofof separateseparate objectiveobjective functions.functions. 
ThisThis impliesimplies thatthat usuallyusually aa multitudemultitude ofof solutionssolutions couldcould bebe recommendedrecommended forfor formalformal 
analysisanalysis byby thethe decisiondecision maker.maker. NoNo singlesingle mathematicallymathematically optimumoptimum solutionsolution cancan bebe 
stipulated.stipulated. TheThe decisiondecision makermaker isis requiredrequired toto playaplaya majormajor rolerole inin evaluating,evaluating, comparing,comparing, 
andand rankingranking ofof thethe resultingresulting solutions. nondenominatednondenominatedolutions. TheThe keykey conceptsconcepts herehere areare 
solutions,solutions, goodgood oror acceptableacceptable solutions,solutions, compromisecompromise solutionssolutions oror high-confidencehigh-confidence soso
lutions.lutions. ThusThus thethe modelingmodeling techniquestechniques becomebecome moremore realistic,realistic, moremore flexible,flexible, andand moremore 

dec' ionacceptableacceptable toto managers.managers. ItIt providesprovides aa spectrumspectrum ofof controlcontrol forfor thethe dedsion makermaker andand 
allowsallows him/herhim/her toto introduceintroduce subjectivesubjective informationinformation duringduring thethe solutionsolution process.process. TheThe 
decisiondecision makermaker becomesbecomes anan integralintegral partpart ofof thethe looploop ofof solution-processsolution-process iterations.iterations. 
ThusThus thethe modelmodel supportssupports anan essentialessential characteristiccharacteristic ofof DSS.DSS. 

TheThe nextnext questionquestion is,is, dodo MCDMMCDM techniquestechniques supportsupport allall phasesphases ofof thethe decisiondecision
makingmaking process?process? SimonSimon [50][50] characterizescharacterizes thethe decision-makingdecision-making processprocess asas havinghaving threethree 
phases:phases: intelligence,intelligence, design,design, andand choice.choice. TheThe majoritymajority ofof thethe DSS'sDSS's concentrateconcentrate onon 
thethe lastlast twotwo phases,phases, decisiondecision andand choice.choice. SpragueSprague andand CarlsonCarlson [51][51] pointpoint outout thatthat littlelittle 
attentionattention hashas beenbeen focusedfocused onon thethe designdesign phase.phase. TheThe MCDMMCDM modelsmodels havehave thethe potentialpotential 

Buitoto dealdeal withwith thisthis phase.phase. Sui [7],[7], inin hishis recentrecent work,work, notednoted thatthat thethe designdesign issueissue reliesrelies 
moremore enen thethe affordabilityaffordability (in(in termsterms ofof timetime andand money)money) toto thethe user,user, ratherrather thanthan onon thethe 
capabilitycapability ofof thethe MCDMMCDM toto supportsupport allall phasesphases ofof thethe decision-makingdecision-making process.process. InIn fact,fact, 
hehe pointedpointed outout thatthat large-scalelarge-scale MCDMMCDM modelsmodels diddid covercover Simon'sSimon's threethree phases.phases. 

TheThe nextnext characteristiccharacteristic ofof DSSDSS toto bebe consideredconsidered isis easeease ofof use.use. ThereThere areare atat leastleast twotwo 
factorsfactors thatthat contributecontribute toto thisthis characteristic:characteristic: thethe simplicitysimplicity ofof thethe decisiondecision methodmethod used,used, 

of MCDMandand thethe abilityability toto interfaceinterface withwith thethe user.user. WithinWithin thethe domaindomain ofMCDM techniques,techniques, somesome 
areare sophisticatedsophisticated whilewhile othersothers areare easyeasy toto use.use. SophisticatedSophisticated techniquestechniques relyrely onon thethe knowlknowl
edgeedge oror expertiseexpertise ofof thethe user,user, whowho mustmust handlehandle powerfulpowerful programmingprogramming techniques.techniques. LinearLinear 
andand nonlinearnonlinear programmingprogramming modelsmodels comecome underunder thisthis category.category. InIn this,this, thethe managermanager hashas 
toto relyrely onon thethe expertiseexpertise aroundaround him.him. TheThe otherother models,models, suchsuch asas thethe linearlinear additiveadditive models,models, 
pair-wisepair-wise comparisoncomparison methods,methods, andand Zionts'Zionts' interactiveinteractive approach,approach, areare easyeasy toto use.use. 

InIn thethe lastlast 1010 toto 1515 yearsyears thethe multiple-criteriamultiple-criteria decision-makingdecision-making modelsmodels havehave gainedgained 
increasedincreased acceptanceacceptance asas aa usefuluseful tooltool forfor decisiondecision makingmaking [19].[19]. IndividualsIndividuals andand oror
ganizationsganizations havehave increasinglyincreasingly recognizedrecognized thethe importanceimportance ofof consideringconsidering real-worldreal-world 
multiplemultiple andand conflicting objectives.objectives.·conflicting ThereThere areare numerousnumerous successfulsuccessful applicationsapplications ofof 
these.these. modelsmodels reportedreported inin thethe literatureliterature [19,[19, 56].56]. LikeLike allall otherother modelingmodeling methods,methods, 
MCDMMCDM modelsmodels havehave theirtheir advantagesadvantages andand disadvantages.disadvantages. WhenWhen usedused correctly,correctly, theythey 
cancan bebe aa powerfulpowerful tooltool forfor models,models, solutions,solutions, andand analysisanalysis ofof realreal worldworld problems.problems. 
SomeSome ofof thethe difficultiesdifficulties presentlypresently limitinglimiting thethe useuse ofof thesethese modelsmodels areare thethe following.following. 

(i)	(i)	 UnavailabilityUnavailability and/orand/or thethe volumevolume ofof inputinput datadata requiredrequired byby thethe model.model. 
(ii)	(ii)	 LackLack ofof friendlyfriendly andand powerfulpowerful useruser interfaceinterface requiredrequired byby thesethese modelsmodels forfor presentingpresenting alteralter

nativenative solutionssolutions andand collectingcollecting preferencepreference informationinformation fromfrom thethe decisiondecision maker.maker. HereHere itit 
shouldshould bebe pointedpointed outout thatthat somesome interactiveinteractive MAUT-basedMAUT-based models,models, suchsuch asas thethe weightedweighted 
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linearlinear additiveadditive utilityutility ofof simplesimple pairwisepairwise comparisoncomparison ratios,ratios, areare easyeasy toto useuse andand learnlearn [71.[71. 
However,However. oneone mightmight questionquestion whetherwhether oror notnot thesethese simplesimple modelsmodels cancan capturecapture thethe complexitycomplexity 
ofof thethe decisiondecision problem.problem. 

(iii)	(iii)	 RelativeRelative unfamiliarityunfamiliarity andand unwillingnessunwillingness onon thethe partpart ofof thethe decisiondecision makermaker toto interactinteract directlydirectly 
withwith thethe computercomputer system.system. 

TheThe recentrecent surgesurge ofof interestinterest inin decision-supportdecision-support systemssystems andand theirtheir powerfulpowerful datadata 
basesbases andand user-interfaceuser-interface languagelanguage capabilitiescapabilities maymay aidaid inin thethe useuse ofof MCDMMCDM models.models. 
TheThe authorsauthors stronglystrongly believebelieve thatthat MCDMMCDM modelsmodels comecome closestclosest toto satisfyingsatisfying mostmost ofof 
thethe criteriacriteria describeddescribed inin SectionSection 22 forfor thethe choicechoice ofof aa modelmodel forfor DSS.DSS. EmbeddingEmbedding 
MCDMMCDM modelsmodels inin aa decision-supportdecision-support systemsystem cancan provideprovide veryvery powerfulpowerful andand usefuluseful 
decision-supportdecision-support capabilitiescapabilities [21,[21, 22,22, 35].35]. 

5.5. CONCLUSIONSCONCLUSIONS ANDAND DIRECTIONSDIRECTIONS FORFOR FUTUREFUTURE RESEARCHRESEARCH 

TheThe articlearticle focusesfocuses onon thethe multiple-criteriamultiple-criteria decision-makingdecision-making modelsmodels andand theirtheir suitsuit
abilityability inin thethe DSSDSS environment.environment. CriteriaCriteria inin selectingselecting thethe modelsmodels forfor DSSDSS areare delineated.delineated. 
TheThe studystudy hashas suggestedsuggested thatthat thethe modelmodel usedused shouldshould bebe flexible,.flexible,. andand provideprovide feedbackfeedback 
andand aa spectrumspectrum ofof controlcontrol toto thethe decisiondecision maker.maker. TheThe studystudy alsoalso pointspoints outout thatthat MCDMMCDM 
modelsmodels cannotcannot bebe consideredconsidered asas stand-alonestand-alone DSS;DSS; rather,rather, MCDMMCDM modelsmodels shouldshould bebe 
viewedviewed asas anan integralintegral partpart ofof DSS.DSS. ItIt particularlyparticularly advocatesadvocates thatthat thethe integrationintegration ofof 
MCDM-DSSMCDM-DSS enablesenables aa decisiondecision makermaker toto devisedevise high-qualityhigh-quality solutionssolutions toto whatwhat areare 
oftenoften partiallypartially formulatedformulated oror ill-structuredill-structured problems.problems. 

Multiple-criteriaMultiple-criteria decisiondecision techniquestechniques areare veryvery relevantrelevant inin thethe situationsituation wherewhere thethe 
decisiondecision makermaker facesfaces aa hardhard choicechoice amongamong alternatives,alternatives, inin whichwhich nonenone ofof themthem standsstands 
outout fromfrom thethe othersothers asas clearlyclearly thethe bestbest choice;choice; eacheach alternativealternative isis goodgood onon somesome ofof thethe 
criteriacriteria butbut lessless goodgood onon somesome others.others. SomeSome ofof thethe currentlycurrently usedused andand recentlyrecently developeddeveloped 
MCDMMCDM modelsmodels inin thethe marketingmarketing areaarea areare reviewed.reviewed. TheThe modelsmodels consideredconsidered are:are: thethe 
AHP,AHP, lexicographiclexicographic models,models, thethe EBA,EBA, thethe MLHMLH model,model, LlNMAP,LlNMAP, conjointconjoint meamea
surement,surement, andand Ziont'sZiont's multicriterionmulticriterion approachapproach forfor choosingchoosing discretediscrete alternatives.alternatives. EachEach 
ofof thesethese modelsmodels areare furtherfurther evaluatedevaluated withinwithin thethe DSSDSS framework.framework. FollowingFollowing this,this, thethe 
mixed-modelingmixed-modeling approachapproach isis discussed.discussed. ItIt isis pointedpointed outout thatthat researchresearch onon combiningcombining 
moremore thanthan oneone MCDMMCDM modelmodel withinwithin thethe DSSDSS frameworkframework isis lacking.lacking. ExistingExisting research,research, 
thoughthough limited,limited, revealsreveals thatthat thethe mixed-modelingmixed-modeling approachapproach inin thethe DSSDSS environmentenvironment 
maymay performperform betterbetter thanthan singlesingle MCDMMCDM models.models. Finally,Finally, thethe rolerole ofof thethe MCDMMCDM modelsmodels 
inin thethe DSSDSS environmentenvironment isis explicated.explicated. ItIt hashas beenbeen pointedpointed outout thatthat thethe MCDMMCDM modelsmodels 
allowallow considerationconsideration ofof thethe decisiondecision maker'smaker's subjectivesubjective evaluation,evaluation, whichwhich isis oftenoften crucialcrucial 
inin decisiondecision problems.problems. ItIt hashas beenbeen arguedargued thatthat becausebecause ofof theirtheir inherentinherent characteristicscharacteristics 
ofof "letting"letting thethe manman in"in" thesethese modelsmodels cancan andand shouldshould playaplaya veryvery importantimportant rolerole inin 
buildingbuilding decision-supportdecision-support systems.systems. 

APPENDIX:APPENDIX: 

TheoreticalTheoretical BasisBasis ofof thethe MLHMLH ModelModel 

TheThe MLHMLH modelmodel isis basedbased onon thethe notionnotion ofof thresholdthreshold concept.concept. TheThe conceptconcept ofof inin
dividualdividual thresholdthreshold tolerance,tolerance, whichwhich isis fundamentalfundamental toto thethe MLHMLH model,model, isis defineddefined inin 
thethe contextcontext ofof individualindividual behavior.behavior. TheThe thresholdthreshold tolerancetolerance isis assumedassumed toto bebe aa relrel
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ativeativeative value,value,value, relatedrelatedrelated tototo thethethe attributeattributeattribute valuevaluevalue ofofof thethethe alternativesalternativesalternatives underunderunder consideration.consideration.consideration. TheTheThe 
MLHMLHMLH noncompensatorynoncompensatorynoncompensatory probabilisticprobabilisticprobabilistic model,model,model, whichwhichwhich generatesgeneratesgenerates aggregateaggregateaggregate estimatesestimatesestimates ofofof 
thesethesethese thresholdthresholdthreshold tolerances,tolerances,tolerances, usesusesuses sequentialsequentialsequential processingprocessingprocessing ofofof rankedrankedranked attributes,attributes,attributes, andandand elimelimelim
inatesinatesinates thethethe nonchosennonchosennonchosen alternativesalternativesalternatives atatat eacheacheach stagestagestage ofofof thethethe process.process.process. MLHMLHMLH isisis aaa disaggredisaggredisaggre
gategategate hierarchicalhierarchicalhierarchical model,model,model, andandand isisis distinctdistinctdistinct fromfromfrom currentcurrentcurrent lexicographiclexicographiclexicographic modelsmodelsmodels ininin thatthatthat ititit 
doesdoesdoes notnotnot requirerequirerequire thethethe analystanalystanalyst tototo knowknowknow aaa prioriprioripriori individualindividualindividual thresholdthresholdthreshold tolerancestolerancestolerances (cutoff(cutoff(cutoff 
values).values).values). 

ToToTo understandunderstandunderstand howhowhow thethethe MLHMLHMLH modelmodelmodel works,works,works, letletlet ususus clarifyclarifyclarify somesomesome notations.notations.notations. DenoteDenoteDenote 
thethethe ithithith attributeattributeattribute associatedassociatedassociated withwithwith thethethe rthrthrth importanceimportanceimportance rankingrankingranking ofofof decisiondecisiondecision makermakermaker nnn asasas 
i(r).i(r).i(r). FurthermoreFurthermoreFurthermore definedefinedefine AijAijAij asasas thethethe perceivedperceivedperceived valuevaluevalue (rating)(rating)(rating) ofofof alternativealternativealternative j,j,j, withwithwith respectrespectrespect 
tototo attributeattributeattribute i(r),i(r),i(r), givengivengiven bybyby thethethe nthnthnth individual.individual.individual. Furthermore,Furthermore,Furthermore, associatedassociatedassociated withwithwith anyanyany givengivengiven 
attributeattributeattribute i(r)i(r)i(r) theretherethere isisis aaa criticalcriticalcritical tolerancetolerancetolerance Tj' betweenbetweenbetween thethethe decisiondecisiondecision makermakermaker n'sn'sn's evaluationevaluationevaluationT7n 
ofofof anyanyany alternativealternativealternative ononon thethethe attributeattributeattribute i(r),i(r),i(r), andandand ananan acceptableacceptableacceptable standard.standard.standard. ThisThisThis quantityquantityquantity Tj' 
willwillwill bebebe consideredconsideredconsidered distributeddistributeddistributed overoverover thethethe population.population.population. TheseTheseThese criticalcriticalcritical tolerances,tolerances,tolerances, denoteddenoteddenoted 
bybyby TT;,T;,j , areareare parametersparametersparameters ofofof thesethesethese distributionsdistributionsdistributions withwithwith certaincertaincertain specialspecialspecial properties.properties.properties. SinceSinceSince thethethe 
modelmodelmodel isisis formulatedformulatedformulated (see(see(see [13])[13])[13]) asasas aaa concaveconcaveconcave programmingprogrammingprogramming problemproblemproblem whosewhosewhose solutionssolutionssolutions 

T;.T;. IfIfIf aggreaggreaggre

T'/1";' 

areareare globallygloballyglobally optimal,optimal,optimal, thesethesethese solutionssolutionssolutions areareare precisepreciseprecise aggregateaggregateaggregate estimatorsestimatorsestimators ofofof Tj • 

gationgationgation isisis tototo bebebe affected,affected,affected, thethethe informationinformationinformation processedprocessedprocessed bybyby twotwotwo ororor moremoremore individualsindividualsindividuals mustmustmust 
bebebe compatible.compatible.compatible. Hence,Hence,Hence, thethethe standardizedstandardizedstandardized individualindividualindividual valuevaluevalue isisis defineddefineddefined asasas aaa realrealreal numbernumbernumber 
Cij;eii;C;i; wherewherewhere jjj rangesrangesranges overoverover allallall alternativesalternativesalternatives whichwhichwhich havehavehave notnotnot beenbeenbeen eliminated,eliminated,eliminated, andandand iii rangesrangesranges 
overoverover thethethe setsetset ofofof attributesattributesattributes whichwhichwhich areareare arrangedarrangedarranged ininin thethethe orderorderorder ofofof importance.importance.importance. ToToTo explainexplainexplain 
moremoremore clearly,clearly,clearly, atatat thethethe beginningbeginningbeginning ofofof thethethe choicechoicechoice process,process,process, ananan individualindividualindividual considersconsidersconsiders thethethe fullfullfull 

l(n,O);l(n,O); l(n,O)l(n,O) UU={jU= 1,2,1,2,1,2, ......... ,J};,J};,J}; wherewherewhere nnnsetsetset ofofof alternativesalternativesalternatives denoteddenoteddenoted bybyby J(n,O); wherewherewhere J(n,O) === {jU =

denotesdenotesdenotes thethethe nthnthnth individualindividualindividual ininin thethethe sample,sample,sample, andandand zerozerozero indicatesindicatesindicates thatthatthat thethethe alternativealternativealternative hashashas
 
beenbeenbeen evaluatedevaluatedevaluated withwithwith respectrespectrespect tototo nonono attributes.attributes.attributes. AfterAfterAfter ananan individualindividualindividual impliesimpliesimplies hishishis cutcutcut pointpointpoint
 
(threshold(threshold(threshold tolerances)tolerances)tolerances) forforfor thethethe firstfirstfirst rankedrankedranked attributeattributeattribute tototo thethethe alternatives,alternatives,alternatives, thethethe setsetset ofofof alteralteralter


len,len,nativesnativesnatives (which(which(which mayormayormayor maymaymay notnotnot bebebe reduced)reduced)reduced) isisis denoteddenoteddenoted bybyby J(n, 1).1).1). InInIn general,general,general, afterafterafter thethethe 
l(n,K).l(n,K).applicationapplicationapplication ofofof thethethe firstfirstfirst KKK rankedrankedranked attributes,attributes,attributes, thethethe setsetset isisis J(n,K). ThusThusThus thethethe individualindividualindividual 

standardizedstandardizedstandardized values,values,values, whichwhichwhich areareare aaa functionfunctionfunction ofofof thosethosethose alternativesalternativesalternatives stillstillstill underunderunder consideration,consideration,consideration, 
areareare defineddefineddefined asasas 

[Ai:"][Ai;n]  AiiAii-- Aiimaxmaxmax [A;;nJ 
mE.l(n,k)mE.!(n.k)mE.!(n.k)

e~'· (1)(1)(1)
[Ai;"]I} maxmaxmax [Ai:"][A;~,] 

mE.l(n,k)mE.!(n.k)mE.!(n.k) 

eii [0,1],ItItIt isisis clearclearclear fromfromfrom thethethe aboveaboveabove formationformationformation Cijthatthatthat Cij lieslieslies ininin thethethe intervalintervalinterval [0,[0, I],I], andandand thatthatthat datadatadata 
fromfromfrom twotwotwo ororor moremoremore individualsindividualsindividuals isisis compatible.compatible.compatible. ItItIt maymaymay alsoalsoalso bebebe notednotednoted thatthatthat onceonceonce thethethe setsetset 
l(n,k)l(n,k) CijJ(n,k) isisis reducedreducedreduced tototo aaa singlesinglesingle alternative,alternative,alternative, thethethe valuesvaluesvalues CjjCjj remainremainremain fixed.fixed.fixed. 

ConsiderConsiderConsider nownownow thethethe aspectaspectaspect ofofof thethethe individual'sindividual'sindividual's setsetset ofofof thresholdthresholdthreshold tolerancestolerancestolerances (cut(cut(cut points).points).points). 
WithoutWithoutWithout aaa losslossloss ofofof generality,generality,generality, thesethesethese cutpointscutpointscutpoints maymaymay bebebe standardizedstandardizedstandardized ininin thethethe mannermannermanner ofofof 
individualindividualindividual values.values.values. TheTheThe standardizedstandardizedstandardized individualindividualindividual cutcutcut points,points,points, whichwhichwhich alsoalsoalso lielielie ininin thethethe intervalintervalinterval 

1"71'7[0,1],[0,1],[0,1], areareare denoteddenoteddenoted Tj' andandand areareare calledcalledcalled individualindividualindividual tolerances.tolerances.tolerances. 
1";,1'i,TheTheThe aggregateaggregateaggregate thresholdthresholdthreshold tolerances,tolerances,tolerances, denoteddenoteddenoted Tj, areareare centralcentralcentral tendencytendencytendency parametersparametersparameters ofofof 

1"7,1'7,thesethesethese distributionsdistributionsdistributions T;', withwithwith certaincertaincertain specialspecialspecial properties.properties.properties. MLHMLHMLH generatesgeneratesgenerates thethethe estimatesestimatesestimates ofofof 
thesethesethese parametersparametersparameters whichwhichwhich areareare calledcalledcalled aggregateaggregateaggregate tolerances.tolerances.tolerances. 

Initially,Initially,Initially, ananan individualindividualindividual nnn evaluatesevaluatesevaluates thethethe setsetset ofofof alternativesalternativesalternatives withwithwith respectrespectrespect tototo hishishis firstfirstfirst 
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rankedranked attributeattribute i.i. AnAn alternativealternative jj willwill bebe eliminatedeliminated ifif thethe individual'sindividual's tolerancetolerance 
Tj(standard(standard cutcut point)point) Ti' isis lessless thanthan thethe individual'sindividual's (standardized)(standardized) valuevalue forfor thethe alteralter

native,native, withwith respectrespect toto thatthat attribute.attribute. ThatThat is,is, alternativealternative jj willwill bebe eliminatedeliminated ifif 

Til	 < Cjj,Ti'<q, (2)(2) 

andand notnot eliminatedeliminated ifif 

(2a)(2a) 

Til areareConsiderConsider nownow thethe definitiondefinition ofof thesethese setssets (2),(2), wherewhere thethe individualindividual tolerancestolerances T;' 
replacedreplaced byby estimatesestimates ofof thethe distributiondistribution parametersparameters Ti'Ti' TheThe applicationapplication ofof thethe parameterparameter 
estimatesestimates toto thethe individualindividual datadata willwill simulatesimulate thethe evaluationevaluation processprocess forfor aa setset ofof 
individuals,individuals, andand thethe definitiondefinition ofof thethe resultingresulting setssets ofof alternativesalternatives remaining.remaining. EquationsEquations 
(1)(I) andand (2a)(2a) indicateindicate thatthat thethe individual,individual, havinghaving assessedassessed thethe setset ofof availableavailable alternatives,alternatives, 
determinesdetermines aa setset ofof tolerancestolerances associatedassociated withwith eacheach attributeattribute ofof thethe alternatives.alternatives. TheseThese 
criteriacriteria forfor acceptanceacceptance areare basedbased uponupon hishis perceptionperception ofof thethe bestbest availableavailable alternatives.alternatives. 
ThisThis premisepremise isis similarsimilar toto anan idealideal pointpoint modelmodel inin whichwhich thethe idealideal pointpoint isis aa compositecomposite 
ofof thethe bestbest availableavailable alternatives.alternatives. TheThe formulationformulation ofof thethe MLHMLH modelmodel isis discusseddiscussed inin 
[13][13] .. 
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