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1，lntroduction   

Teclm0logyandcostarethepairofwheelswhichdrive  

modem enterpnses．Some have advantagesinteclmology  

andothersincost．So，managementiseagertoknowhow  

andtowhatextenttheirresourCeSarebeinge飽ctivelyand  
e伍cientlyutilized，COmParedwithothersimilarenterpnsesin  

thesame丘eld．Undermultiplei叩ut－OutPutCOrreSPOndences，  

dataenvelopmentanalysis（DEA）hascreatedanewroute  

mqpforthispurpose．   

Givendlequantitiesofinputresourcesandoutputproducts，  

the representative DEA models caneValuatethe relative  

techmicale伍ciencyoftheconcernedentelPnSe，Ca11edDMU  

indleDEAtem血ology．If；加hermore，un1tPnCeSOfinput  

resourcesarekn0wn，血e cost e餓ciency modelcanbe  

utilizedtoexploretheoptlmalinput－mixthatproducesthe  

ObservedouQ）utSattheminimumCOSt．Basedonthisoptimal  

SOlution，thecostandallocativeefncienciesareObtained．   

However，thesetraditionalcostandallocativee餓ciencies，  

Which assume glVen uniformlnPut pnCeS，Su飴rfrom a  

Criticalshortcoming，aSPOintedoutbyTone（2002），ifthe  

unltPnCeSOfinputsarenOtidenticalamOngDMUsinthe  

actualeconomy．Tociteacase，iftwoDMUshavethesame  

am0untOfinputsand outputs，andtheunitpriceforone  

DMUis twicethat ofthe others，then the traditionalcost  

efBciency modelasslgnSthe same costand allocative  

efnciencies．This sounds very strangeandimpracticalin  

actualeconomicactivity．ARerpointingoutthisshortcoming，  

Tone proposed a new scheme thatis 録ee録om such  

inconsIStenCies．   

This paper canbe positioned asaneXtenSion ofTone  

（2002）．Wedecomposeactualtotalcostintoglobaloptimal  

COStandlosses due to techmicaline伍ciency，lnputPnCe  

di飽rencesandinefncientcostmixture．Technicalefnciency  

is obtained uslng dle b・aditionalCCR modelwidlinthe  

SuPPOSedtechnicalproductionpossibilityset．Then，uSingthe  

OPtlmalipputvaluethusobtained，WeCOnS帆1CtaCOSt－based  

PrOductionpossibilitysetandsoIvetheNewTechandNew  

Costmodelsonthisset．ThenwecanObtaintwoe伍ciency  

indices，i．e．，thepnce efnciencyandthe globalallocative  

e伍ciencyindex．  

2．Methodo10gy  

Inthis sectionwe develop our schemeand discussits  

rationality．  

2．1Data   

Throughoutthispaper，WedealwithnDMUs，eaChhaving  

m inputs for producing s outputs．For each DMU。  

（0＝1，…，n），We denote respectively theinpudouq）ut  

VeCtOrS by x。∈Rm and y。∈RS・The inpuuoutput  

matrices are de血ed by X＝（xl，…，Xn）∈RmXn and  

Y＝（yl，…，yn）∈RSXn．ForeachDMU。（0＝1，・・・，n），the  

lnPut factor pnce vectorforlnPut X。is denoted by  

％∈Rmandtheinput factorpnce mabixis de丘nedby  

W＝（wl，・・・，Wn）∈RmXn．ForDMU。，theactualtotalinput  

COStC，iscalculatedby  

q＝∑：：1Wゎズゎ・  （1）   

We assumethatthe elements wl。Xl。，…，VYm。Xm。are  

denominatedinhomogenous umits，Viz．，do11ars，SOthat  

addingupthemhasameanlng．  

2．2－Tt！ChnicalEfRciency   

TheproductionpossibilitysetPisde丘nedas  

P＝（（ズ，州ズ≧■㍑，γ≦れ，A≧0）．  P）  

Thetechnicalq5icienq）0’ofDMU。ismeasuredinthe  
traditionalCCRModel．neprq］eCtionlSglVenby   

＊ ［CC尺一夕頑ec如〃］ズ；＝β■ズ。，γ。＝γ。．（3）  

xニindicatestheamountOftechnicale餓cientlnPutSfor  

DMU。and camot be radia11y reducedany mOre by  

eliminatlnglnputinefficiencyforproducingy。．   

The techmica11y efBcient totalinput costfor DMU。is  

Calculatedby   

Cニ＝∑≡1Wゎズニ＝〆∑≡．－γゎズゎ＝〆c。，（4）  

andtheteclmicale餓ciency O＋canberedefinedas  

●  

〆＝宝＝並立  

r‖ －1」．㌦  
（5）  
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＊ 
だ＝C；－C；（≧0）．  

2．4A”ocativeE用ciency   

FurthermorewesoIveNCostmodelon差as  

［NCost］C…＝minef  

Subjectto ef≧eXiL  

γ。≦りJ  

〃≧0，  

ThelossduetothisteclmicalinefBciencyisdescribedas  

払1lows，  

（10）  

亮＝C。－C（≧0）．  （6）  

2．3PriceEfRciency   

Theal，OVe（xニ，y。）is the production pairinthe  

＊ productionpossibilitysetP，anditsinputcost wx。CannOt  

be reducedany mOre throughreducingtheinput x。  

radially．However，thecostcanbereducedthroughchanglng  

theinputmixture，Or eliminatlngthe difftrences ofinput  

PnCeSunderthesituationthatunltpncesmaydi庁br丘om  
DMUtoDMU．  

Inordertofathomtheminimumcost，WeObservethecost－  

based production possibility setP。inthe spirit ofTone  

（2002）asfbllows：  

ろ＝（（貢，カl斎≧．りJ，γ≦】旬，〟≧0），   （7）  

where斉＝（貢1，…，方〝）∈点灯轡，も＝（ネ。，…，‰。）弧d  

xi。＝Wk，Xニ．Noticethatx：representsthe technically  

● efncientlnPutforproducingy。andhenceweutilize wi。Xi。  

instead of wi。Xi。SO aS tO eliminate dle teClmical  

inefnciencyatthemaximum．ThenwesoIvetheCCRmodel  

OnP；COrreSPOndingtothePTec］inTone（2002）asfo1lows，  

（11）  

where e∈Rmisarowvectorwithallelementsequaltol．  

Letanoptimalsolutionbe（完＊，F；）．nlenthecost－based  

pair（完＊，y。）isthe costminimum productioninthe  

SuPPOSedproductionpossibilitysetろ，Whichsubstantia11y  

di飴rsfromPiftheunltPnCeSOfinputsvaryfromDMUto  
DMU．The（global）allocativeefhciencyα＊ofDMU。is  

de丘nedby  

・ぐ’：…  

‥‾▲ノ 
（12）   

α   

C●  
Comparedtotheb．aditional（local）allocativeefnciency，  

Whichindicatestheaqjustmentoftheinputmixturebasedon  

＊ theglVenlnPutPnCeratlO，α rePreSentStheoptlmalcost  
mixture，Viz．，thecombinationoftheoptlmalinputamount  

andinputpncemixture．Wealsodefinetheloss Lご＊dueto  

thesuboptlmalcostmixtureas  
［NTec］ p＊＝minp  

Su切ectto 4。≧XFL  

．l－い≦りJ  

〃≧0．  

＊ 
ぢ＝C＊－C…（≧0）．  （13）  

（8）  

2．5DecompositionofActualCost   

Based onthe relationshipamOngthe optlmalcostand  

losses，WeCandecomposetheactualtotalcostinto：  

＊ 
C。＝亮＋だ＋だ＋C；…．  （14）  

IftheDMU。isfu11ye餓cient，al1lossesarezeroandwehave  

C。＝C：’’．Theabovedecompositionindicatesthee飴ctof  

theexistlngteChnicalinefnciencyandpricedi飴renc占onthe  

totalcost．  

3．Applicatiohtoelectricpowercompanies   

Weappliedthis丘ameworktoacomparisonofUS－Japan  
elec什ic utilities and clari鎖ed the di正己rences in the  

inefnciencys加Ctureregardingteclmologyandcostbetween  

thetwocountries．Our七mplnCalresultswillbeshownat・the  

conftrence．  
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＊  Because x。＝VtbX。CannOtbereducedbycuttlngdown  

theam0untOfinput x；anymOre，theoptlmalsolution p’  

radiallyreduceslnPutPnCeW。tOthesupposedoptlmalinput  

＊ PnCe，Say一％，mathematically・hthecontextofeconomics，  

● P mightindicatetheradialdiffbrenceofinputpnceunder  

theimperfbctmarketcomparedtotheleastlnPutPnCeinthe  

SameCOStmixture．Inthisstudy，thisinputpricedifftrenceis  

labeledasprice弓伊cienq）．   

TheNTecprq）eCtionlSglVenby  

＊＊ ［Ⅳ花c一夕rq／ec血〃］嘉＝βも，γ。＝γ。．   

Wedefinetheradiale伍cientcost C：＊，Whichisthe  

technicalandpncee餌cient，andtheloss Lごduetothe  

diffヒrenceoftheinputpnceas  

C；＊＝∑≡1烹ニ＝β＊∑≡1毛。＝〆C≦C；，   （9）  
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