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（j＝1，‥，乃）  ■入力≧0   1．Introductiom   

DataEnvelopmentAnalysis（DEA）proposedby－  
Charnesetal．in1978【1】，isanevaluatingmethod  

forsystemshavingmultipleinputsandoutputs・   

DEAissaidtobeadataorientedanalyticalmethod，  

itconstruCtSthee侃cientfrontierforexistingcoordi－  

nates．InthereglOnWherenoe伍cientDMUexist，a  

丘ontiercannotbeconstruCted，b 

slack hyperplanes，We Can Obtain animprovement  

pointwithslackvalueforsomeine鍋cientDMUson  
theefncientfrontier，ThismeansDEAonlyconsiders  

improvementpointsonalreadyexistingdatareglOn・   

TosoIvethisproblem，Bessentetal・haveproposed  

theconceptofConstrainedFacetAnalysis（CFA）【2］・  

CFAcanextendthefrontierofDEA，tOreglOnWhere  

nodataexists．Usingthisconcept，WeCananalyze  

morewidely・But theiralgorithmis complex aInd  

sometimeswecannotgetcorrectsolutions・  

In thispaper，We PrOPOSe an alternative way to  

obtainafrontierbasedonCFAconcept．  

2．Basicconcepts   

2．1．DEA   

DEA（outpuトOriented BCC model）may befor－  

m111atedasfo1lows：  

【Pl］   

min恥一言（姜β‘α＋妾βrα）  

n  

s・t・ズ壱α＝∑入jαズ；j＋5‘α（盲＝1，‥，m）  
ブ＝1  

Tl  

恥㌣α＝∑毎凧一占r8（r＝1，‥，β）  
j＝1  

人jα＝1  

j＝1  

whereXijisDMU；sithinputvalue，iljisDMU；s  

rth output value，Eisanonarchimedean number，  

sia and sT。areSlack variablesofDMU a，slnPuti  

andoutput r，reSpeCtively，and入isanonnegative  

connective variable．  

Inthismodel，eaChDMUisjudged，tObeefncient  

if77aequalsl，andine伍cient，T7aislesstlla・nl・・ThreP－  

resentstheacross－the－boardexpandingra・tiofore魚－  

cientfrontier．Theoptimalobjectivefunctionvalue  

7；istheinversellumberoftheefRcientvalue，SOthe  

e侃cientvalueofDMUjisl／7h＊・   

There aresome cases that a・nimprovemellt pOint  

ca，nnOt be obtained from the efBcient frontier only  

anyaCrOSS－the－boa・rdexpandingfor・Illthiscase，it  

ispossibletoreachthee代cientfrontierbyglVenSOme  

positivevaluetosomesla・Ck・   

2．2．CFA   

ConstrainedFacetAllalvsisconceptlla・Sbeenpro－  

posedbyBessentetal・   

Forexample，inFig・1，theorlglnalfrontieriscom－  

posedfromthesegmentABandBC，andthereisa  

paral1ellinefrompointCforslackhyperplane・  

OutPutl  

Fig・1・  
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The CFA conceptis toobtain thelineextended  

SegmentBC・Thenwecanfindsomeimprovemnent  
pointontheextendedline．   

WhentheDEAstruCtureisoflow．dimension，aSin  

Fig・1・，Calculationiseasy．B11t Whenthedimension  

ishigh，the struCtureis sometimes too complexfor  

analysis．   

TherearesomefaultsoftheorlglnalCFA．First，it  

canonlybeappliedtheCCRmodel・一secorLd，analy－  

Sisisimpossible，iftherearenondiscretionaryitems．  

Third，SOmetimeswecannotobtainanimprovement  

POint11SlngtheinpuトOrientedmodel．  

3．Our method   

Inthissection，Wedescribeo11rneWmethodtoob－  

tainanexpandedn・OntierbasedonCFAconcept．   

Ourpurposeis toobtainnewexpandedfrontiers  

forr9glOnhavingslackhyperplane，WhilekeeplngOrlg－  

inale用．cientfrontiers．Moreover，thesefrontiersare  

foundasextendinghyperplaneWhichconstruct the  

efncient frontier．   

So，Ourmethodistofindwhichhyperplaneofthe  

e伍cient frontier should be extendedforit．Tofind  

thisanswer，WeCOnSideTthefollowlngPrOblem：  

【P21  

Where Mis averylargenumber，m and s aIre the  

numbersofinputandoutput，reSpeCtively，andEis  

thesetofsubscrisptssuchoftheefRcientDMUs．  

Inthismodel，if＝jequalsl，thenDMUjisa・nel－  

ementwhichdefinesthehyperplanefbrtheimprove－  

mentpointofDMUa．Thenumberofelementsofthe  

refbrencesetofDMUaeq11alsthesumofthenumber  

Ofinputitems and output ones．For this formula，  

thehyperplanedefiningtheimprovemelltPOintcon－  

CeTned tvithinefRcient DMU can b6触ed uniquely，  

withoutdegeneracy・   

Further，（亮一入ら●）cantakevaluesnotonlynon－  

negativevaluebutalsonegative・ItmeaInSitpermits  

external1ydividingpoint．So，animprovementpoint  

Ontheextendedboundaryoftheefncientfrontier・If  

（鳩＋入ら）isnotzero（1argerthanzero）thenzj  

equalsl・Conversely，if（桟＋入ら）iszerothenzj  

equalszero．  

4．Conclusion  

In this pa，peT，We prOpOSed an alternative（‘and  

new）methodtoobtainanextended frontierbased  

OnCFAconcept．   

ButtheextendedfrolltierpaISSeSthrough・negative  

area，aSbefore．There remaineds theproblem that  

thereis somepossibility that noinprovement point  

Canbeobtainedintheinp11トOrientedcase．   

Tbsolvethisproblem，bvcombiningmultiplicative  

modeland CFA concept，We、1imit efBcient丘ontier  

Withinpositivearea・【3］．   
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