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1．Introduction  
Inthispaper，DEAmodelsunder  

categoricalenvironmentswillbediscussed  

wherethecategorylSunderthecontrolof  

decisionmakers．Forexa・mple，SuppOSe  

thattheDMUsareasetofshopswith  

threelevelsofservice，1．e．，POOr，aVera9e  

and900d．Ashopownerinthepoorservice  

CategOryhastheoptiontoremainpooror  

upgradeavera9eOr900d・Anavera9eShop  
canmovewithinthe avera9elevelor  

furtheruptothe900dlevel・  

Supposethateachshop（DMU）canbe  
ratedashavingoneofLdifferent  

CategOricalclasses，Wherethecategories  

rangefrom 

． 

（thehighest）・  

Theproblemhereisto右nd，foreach  

DMU，theDEAprojectedpointinthe  

sameorhighercategorylevels・  

2．Algorithm  

OrganizeasetofDMUscomposedof   

OneSWithlevelhorhi9herandDMU。．  

Evaluatethee代ciencyofDMU。With   

respecttothisgroupviatheDEA  

modelchosen．  

●Step2．   

（i）IfDMU。isfbundtobee托cient，gO  

toStep3．   

（ii）IfDMU。isinefhcient，thenrecord   

its reference set and reference   

（projected）pointonthefrontier・   

Ifh＝L，gOtOStep3・Otherwise，   

replacehbyh＋1andgobacktoStep  

l．  

●Step3  

Lookintothereferenceset，reference  

point，andcategorylevel，Obtained   

fromStep2，andchoosethemost   

appropriatepointandcategorylevel  

forβ〟U。．  

Oneofthecharacteristicsofthisalgorithm  

is thatitallows DMUs at differentlevels to  

mixwhenformlngareferenceI）Oint・For  
example，SuPpOSeaPOOrDMUlhasits  

referencesetcomposedofavera9eDMU2  

and900dDMU3WithweightsO・75and  
O．25．Acategoricalservicelevelof  

O．75×aVerage＋0．25×gOOdisassumed  

fortheprojectedpoint，i．e．ithasaquality  

levelcloseto avera9eandslightlyupgraded  

toタ00d．  

3．Example  

Inthealgorithmbelow，WeCOnSiderthe  

caseforDMU。，Whichiscurrentlyatlevel  

l（1≦l≦L）andtrytofindthereference  
setandtheDEAprojectedpointsonthe  

frontierwithlevelsinthesamecategoryor  

higher．AsfortheDEAmodelemployed，  

wecanchooseanymOdel，e・g・CCR，BCC，  

Additive．   

【Algorithm］  

Forh＝l，l＋1，．．．，L，repeatthefollowlng  

StepS：  

●Stepl・  

Tablelexhibitsnineslngleinputand  

SlngleoutputDMUs，eaChhaIVingeither  
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poor，aVerageOr900dcategorylevel・We  

appliedthisalgorithmuslngtheBCC  

modelandobtained the resultsshownin  

thefarrightcolumnofTablel，Wherethe  

numberinparenthesisdesignatesthe  

入－Value to the referent DMU．DMU A  

（poor）isjudgedtobee代cient，eVen  

comparedwithDMUsinthesameor  

highercategorylevelsanditisreasonable  

forAtoremaininthiscategory・DMUB  
（poor）isenvelopedbyD（avera9e）andE  
（avera9e）andissuitableforupgradingto  
avera9e．DMUC（poor）hastwosetsof  

reference，i．e．onecomposedofD（avera9e）  
a・ndE（avera9e）andtheotherG（900d）・  

So，ithastwopossibilit・iestoupgra・deits  

level．Similarly，DMUFhastwo  

POSSibilities．  

4．盟吐堕  
Thecategoricalinputsandoutputsmodels  

wereintroducedbyBankerandMorey  

（1986）．Theyformulatedt・hecontrollable  

categoricalvariableproblemwithinthe  

frameworkofthemixed－integerLPmodel  

undertheBCCmodel．Kamakura（1988）  
pointedouttheshortcomlngSOftheir  

formulationandpresentedanother  

miⅩed－integermodel・RousseauaInd  

Semple（1993）presentedanewalgorithm  
forthiscase，aSaneXtenSionof  

Kamakura，swork（1988）・Thismethod  

eliminatedthedifRcultiesofcomputation  

thathadaICCOmpaniedearliermiⅩedinteger  
models．However，thesemethodsare  

associatedwith the BCC modelandmake  

useofits characteristicsinformulation．It  

shouldbenotedthatthealgorithm  

developedinthispaperca・nbecoupled  
withanyDEAmodel，incontrasttoearlier  

methods．Cook，KressandSeiford（1993）  
proposedamethodforuslngOrdinaldata  

in DEA．This methodis erroneousinthat  

it assumessubstitutionabilitybetween  

numericalandcategoricalvalues・  

Tablel：NineDMUswithThreeCategory  

Levels  

DMU  In  O11t  Category  Referenceset   

A   3   pOOγ   A（1）   

月   7   7   pOOr   か（・6），且（・4）   
C  12  6  pOOr  か（．8），ガ（・2）  

G（1）  

ヱ）  4  5   αγerαge    〃†1J   

ガ   6   10  αγerαge  且（1）   

ダ  四  

G（1）  

G   8  タ00d   G（1）   

∬   9   13   good   〃＝）   

J   13   15   good   †I††   
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