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Thepurposeofthispaperistopresentaperformance

evaluationmodelbrbrecastingproductionefficiency
brDecisionMakingUnitsPMtJs）．Thismodelisbased
Ontllefuzzysettheory，fuZzyregreSSion，andtheDEA

model．AstochastiCDEAapproachhasbeenproposed

andusedwidelytoanalyzetheperfbrmanceoftheun－

Certaininputoroutputdata，butthisapproachrequires

largedatasamplesandassumesprobabilitydistribution

inmeasurementerrortermS．Theconceptoffuzzynum－

bers was seldom considered，althoughthe stochastic
DEAapproacllCanbeusedforprediction．Thispaper

integratesfuZzyregreSSionandfuzzyDEAasonemodel．
Theresults oftllisresearchsllOWthatthemodeldeve1－

0pedinthispaperisapplicabletoevaluatethe．’rehrm

POlicyfbrpassengerloadingoperations．．currentlyun－

dertakenbythelもipeiCityBusCompany．Ihsedon

thisstudy，theintegrationoffuzzynumbers，fuzzyre－

gression，andtheDEAmodelcanbeappliedtoevaluate

PrOductiOnefnciencyofthecitybuscompanyJbrthe
Short－termfuture．

Keywords：DEA，efnciency，fuZzyDEA，DEAforecast
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1．Introduction

The Data EnvelopmentAnalysis（DEA）modelwas

developedby ChameS，et al．（1978）．The DEAmodel

formulates the ratio between output andinput ofre－

SOurCeSaSmathematicalprogrammlngtOmeaSurerela－

tiveefnciency．ThemodelwillnotbeafEbctedbytheunit

Ofinputandoutput，hasnopre－Setfunctionform，and

Can dealwith qualitative and quantitative factorprob－

lems．The DEAmodelas extendedbyBanker（1993），

Banker and Thrall（1992），Nash and Stema－Kareat

（1996），andYu，et al．（1996）has alreadybeenwidely

usedtomeasureefnciencyofpublicandprlVateSeCtOrS．

Kao，etal．（1993）appliedthemodeltoevaluateefB－

Ciencyinthepublicsector．Stewart（1996）Consideredthe

impactofthedecision－makers’attitude，COmbiningDEA

Withmulti－Criteriadecision－makinglnOrdertodetermine

128

thescopeofweightswithintheDEAmodel．Kao（1994）

investigatedsensitivityanalysisintheinputandoutput

resourcesofDMUs．Yu，etal．（1996），developedagen－

eralizedDEAmodel，WhichinvestlgateSPOSSiblesetat－

tributesoftheproduction．

Inregardtothetransportationmarket，ChangandKao

（1992）haveusedthemodeltoevaluatetheproduction

efnciency ofpublic andprivate citybuses．Lan，et al．

（1997）hasappliedtheDEAmodeltoevaluatetheop－

eration efnciency ofport containers．Hjalmarsson and

Odeck（1996）haveappliedtheDEAmodeltoevaluate

theproductionefnciencyofroadfreighttransportation，

COnSideringnotonlytherelationshipbetweenmulti－in－

PutSandmulti－OutPutSOfbustransportation，butalsothe

SenSitivityanalysisofappraisalefnciencywhencompo－

nentsoftheroadfreighttransportationwerechanged．

Onthe otherhand，a StOChastic DEA approachhas

beenproposedandusedwidelytoanalyzetheperfbrm－

anceofuncertaininputoroutputdatabyBanker（1986），

Sengupta（1987），RetzlafFRoberts and Morey（1993），

Cooper，etal．（1998）andothers．Sengupta（1987）focused

On the stochastic variations ofinput and output data，

incorporatingthemintotheDEAmodel，Whileresearch

byRetzlaff－RobertsandMorey（1993）basedonBanker’s

modelledtothedevelopmentofastochasticallocative

DEAmodel（ADEA）．Thestochasticmodelintroduced

by Banker，Sengupta，Retzlaff－Roberts and Morey，

Retzlaff－RobertsandMoreydenneslluncertainty”asthe

measurementerrorbetweentheactualdataandobserved

dataininputoroutputvariables．

A m往lOr Criticism ofDEA modelsis that they are

deterministicforinputoroutputdataanddonotallow

foruncertainty．The DEA modelcan only be usedin

COnditionswheretheinputandoutputarecrispnumbers．

Itisnotablethatalthoughthestochasticmodelattempts

tomodifythecrlSPnumberassumptlOnandallowssto－
Chasticvariationindata，theuncertaintyofthevariable
inputoroutputdatamusthaveaknownprobabilitydis－
tribution with mean and covariance．In addition to the

largesampledatathatshouldbeusedfbrthestochastic

model，Nagano，etal．（1995）hasproposedthattheoutput

ShouldbeafuZzynumberunderuncertainenvironments
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inordertoovercometheconstraintsoftheDEAmodel．

FromNagano’sfindings，itisshownthattheoutputvari－

able canbe afuzzy numberwhen the environmentis

uncertain・Thisnotion offers theinterfacetointegrate

fuzzysettheoryandDEAmodel．However，itshouldbe

WOrththinkingconciselyhowtointegratethefuzzyset

andDEAmodelsothemodelcanbeappliedtopredict

efficiencyforaspecifictransportationcompany・Inad－

dition，thepredictedmodelshouldconsiderthemultipro－

duct feature，aS the output number becomes afuzzy
number．

This paper has therefore，COnStrued the evaluation

modelbrfuzzyefficiencyforecastingsoastoappraise

PrOductionefficiencyevaluation・ThefuzzyDEAmodel

Pakesヮsemultipleinputvariables（vehicle，Staffand
lnterimlnPut）andtwooutputvariables（operated一mile－

age，paSSengerloading）・Thefuzzymulti－prOductmodel

WillbeappliedtotheTaipeiCityBusCompanyfortheir

一一reformoperationplanHthatisunderimplementation・

Theremainderofthispaperisorganizedasfollowq

lngS‥Section2discussestheconceptsoftheDEAmodel

andfuzzysettheory；Section3investigatesthefuzzy

DEAmodel；Section4developsthefuzzyregressionand

fuzzyDEAmodels；andSection5presentsacasestudy・
Conclusionsaremadeinthefinalsection．

2・ConceptsoftheDEAModelandFuzzy
RegressionModel

In this section，Weinvestlgate the DEAmodel，the

fuzzynumber，andthefuzzyregressionmodel・

2・l・DEAEfnciencyEvaluationModeI

TheDEAmodel，developedbyCharnes，etal．（1978），

isamathematicalprogrammlngmOdelthatmodifiesde－

fectsoftheFarrellmodel，Whichwasunabletohandle

SeVeralinputsandoutputs．Withinthemodel，itis as－

SumedthattherearenDecision－MakingUnits（DMUs），

Withminputsandpoutputs，Whiletheefficiencyevalu－

ationmodelofkthDMUcanbedefinedasinEq．（1）．
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WherexisistheithinputvalueforsthDMU；yrsisthe rth
OutPutValueforthesthDMU；u，andarev thevirtual

multiplieroftheoutputandinput，reSpeCtively；andeis

averysmallpositivevalue．Itisdifficulttoobtainthe

SOlutionfromEq・（1）becauseEq・（1）isanonlinearpr0－

grammingproblem・Therefore，Eq．（1）wasmodifiedas

Eq・（2）byCharnes，etal・，reSultinginalinearprogram－

mlngPrOblemwhereasolutioncanbemoreeasilyob－
tained．

・、J・′・、一日＝∑′日、・・
r＝1

日・∑玖Jm－∑vJズf∫≦0，∫＝1，2，…，〃；
r＝1　　　　　　　g正1

V方正＝1；

〟r≧E≧0，r＝1，2，…，p；

V．≧E≧0，～＝1，2，…，研．

……‥（2）

WhereOkistheefficiencyvalueforkthDMU，andOkis

acrlSpnumberwhilexikandyrkarebothcrispnumberfor

theDMU・Eq・（1）Pointsoutthattheinputoroutput
numbermustbecrlSPnumber．ThustheDEAmodelcan

Onlydealwiththedeterminingdecision－makingenviron－
mentforDMU・IfinputvariablexISOrOutPutVariable

yrsisnotcrlSPernumber，SuPPOSeyrkisafuzzynumber，

anddenote弟k・Thentheeffi（垂ncyvalueOkWillbecome
afuzzysolution，denotedtheOk，andtheefficiencyvalue

二［二ミニ、1十二：∴∴二三‥・三十二
upperboundoftheefficiencyvalueofOk．

Theconceptoffuzzysettheorycanincorporatethe

DEAmodel・Innextsection，WeWillexploretheconcept

Ofthefuzzysettheoryandfuzzyregressionmodel・

2・2・FuzzySetTheoryandFuzzyLinearRegression

（1）TheFuzzyNumber

Fromtheaspectoffuzzysettheory，therearemany

differenttypesoffuzzynumbers，SuChastriangulartype

Ormultilateraltype，Whicharebasedonamembership

function・Thetriangulartypefuzzynumberisenfolded

Withthefeaturesofcontinulty，COnVeXfuzzysubsetand

regularity・Triangularfuzzydatahasshowntheinterfer－

encerules，Whichcanbeexpressedinanexactanalytical

Way（BaetsandKerre，1993）・Thefuzzynumberconcept

Canbeusedtorepresentthefeatureofuncertainty・The

triangularfuzzy membershipfunctionis defined as

Eq．（3）．
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