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themaximumdeviationratioofoutputbyqin（5）・  
Fina11y，Weputtheboundwtopandq，andmin－  

imizewintheobjectivefunction（1）．Therefbre，  

wewant tofindslackswiththeminimumdeviation  

ratioffomtheobservedvalues．（Thisisakindof  

min－maXprOblem．）   

Let  an  optimal  solution  be  

（入●，S．＊，S＋＋，〆，q韓，W8）・Thenthefollowingpro－  

jectionputsDMU。Onthee伍cientfrontier．  

言i。←（β♯一打●）ごi。（言＝1，…，m）  

訪。←（1＋吋■）yr。（r≦1，…，β）．  

Wtnoticethatthisprojectionis“unitsinvariant”  
inthesensethat6［疇and吋♯exhibitnoefEbctsfrom  
achangeofunitsforinputiandoutputr，aSCan  

beseenfrom（2）and（3）・Asimilarprocedureis  
proposedinCoe11i（1998）・  

3．AnExample  

WewillapplythePhaseIIIprocesstothefo1low－  

ingprobleminTablelwith5DMUs（A，B，C，D  

andE），3inputs（rl，笹2andx3）andasingleuni－  

tizedoutput（y）・FirstweappliedtheCCRmodel  

1．Introduction   

ThetwophaseprocessusuallyadoptedinDEA  

aimsatobtainingthemaxirnumsumofslacks（in－  
putexcessesandoutputshortfalls）・Henceitmay  
occurthattheprojectionofanine凪cientDMUonto  
theefncientfrontierisveryfarfromtheobserved  
valuesinthesensethattheinputmixandoutput  

mixoftheprojectedpointareverydi鮎rentfrom  
those ofthe observations．It may be desirable to  

achievetheoppositeapproach：tOprOjectontoan  
e臨cientpointwhichhaslnputmixandoutputmix  
a＄nearaSpOSSibletotheobservations・Wepropose  
an extension of the two phase process to achieve 

this．  

2．PhaseIIIProcess  

First，Weapplythetwophaseprocesstothedata  
set and負nd theset RcomposedofCCR－emCient  
DMUs，i・e・，DMUswithO＋＝1，S－♯＝0）S＋＋＝0  
foreveryoptimalsolution・WbcallIHheαpeerset・け   

ThenwegointoPhaseIIIprocessasfo1lows・For  
eachinefRcientDMU。，SOIvethefo1lowlngLP：  

【Pha5eIII】  

mlll t〟  （l．）  
subject to 

βヰごi。＝∑∬‘メ入J＋打∬‘。（盲＝1，‥・，m）（2）  
J∈月  

yr。＝∑yrj入ノー吋yr。（r＝1，・‥，ぶ）（3）  
J∈月  

Tablel：Problemfor PhaseIIIProcess  

DMU ∬1 ∬2 ∬3 y  
A 1 2  1 1  

B l 1  2 1  

C  2 10  5 1  ）
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打≦p（i＝1，‥・，m）  
吋≦9（r＝1，…，β）  

p≦ひ，9≦ひ  

入j≧0，J「≧0，吋≧0，（∀ム言，r）  
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withPhaseIandPhaseIIprocessesandobtained  

resultsdisplayedinTもble2．DMUs A and B are  

CCR－efncientand DMUAistheonlyr占ferenceto  
ine侃cientDMUsC，DandE．Byobservlngthein－  

putmixinTablel，CissimilartoAratherthanB  

so t．he result t．hat C，s referenceis Ais rea50nable，  

However，D’sinputmixissimilartoBfatherthan  

AandE’sislikelytobesimi1artothecombination  
OfAandB．Aftertheseobservationsweappliedthe  

PhaseIIIprocessasfollows，uSingthepeersetR＝（  

A，B）：  

whereO♯istheoptimalobjectivevalueobtainedin  
PhaseI．   

TheaboveLPcanbeinterpretedasfo1lows．The  
leftsideof（2）istheradial1yreducedvalueofin－  
putiofDMUo，Whichisexpressedasthesumofthe  

weightedsumofinputsinthepeersetandtheslacks  

asdesignatedby6［ri。Ontheright・Hence6［de－  

notestherelativedeviat．ionratioffomtheobserved  
xi。．Theinequality（4）bounds the maximumof  

6［（i＝1，・・・，m）byp・Inthesameway，Webound  
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DMU C：TheLPfbrCisasfbllows，  

mlnl〟  

Subjectto  

O・5×2＝1＝入1＋入2＋2J「  

0・5×10＝5＝2入1＋入2＋10J；  

0・5×－5＝2・5＝入1＋2入2＋5J；  

1＝入1＋入2－古＋  

J「≦p，古；≦p，有≦p，古十≦9  

p≦叫9≦叫  

Whereal1variables are constrained to be non＿  

negative．  

AnoptimalsolutionisglVenby   

u●＝〆＝0・3，入；・＝1，古；●＝0・3，古；■＝0．3，  

With allother variables zero．This solutionis  

thesameastheCCRsolution，tllemaXimum   

deviationratiobeing30％asinTable2．・The  

PhaseIIIprocessprojectsContoA．  

DMU D：TheLPforDisasfb1lows，   

mlnl〃  

Subjectto  

O・5×2＝1＝入1＋入2＋2打  

0・5×5＝2・5＝2入1＋入2＋5J；  

0・5×10＝5＝入1＋2入2＋10J；  

1＝入1＋入2－古＋  

打≦p，J；≦p，古；≦p，古＋≦9  

p≦町9≦w，  

where allvariables are constrained to be non＿  
negative，  

AnoptimalsolutionisglVenby   

ひ●＝〆＝0・3，人；＝●1，古；●＝0・3，J；－＝0・3，  

withallother variables zero．This solutionis  

difrtreht丘omtheCCRsolution．ThePhaseIII  

processprojects DontoB・．Themaximumde－  

viationratio30％islessthanthatoftheCCR   

mode140％whichisgivenbytheratioofe丈c6ss   
ぶ言●／∬3上〉＝4／10＝0・4（40％）．  

DMUE：TheLPfbrEisa5fbllows，   

mlnl〟  

Subjectto  

O・5×2＝1＝入1＋入2＋2打  

0・5×10＝5＝2入1＋入2＋10J；  

0・5×10＝5＝入1＋2入2＋10J；  

1＝入1＋入2－∂＋  

打≦p，．古；≦p，∂；≦p，古＋≦9  

p≦ひ，9≦w，   

whereal1variables are c6nstrained to be non＿  

nega．tive．  

AnoptimalsolutionisglVenby  

ひ●＝〆＝0．35，入；七0．5，入；＝0．5，  

J；●＝0・35，有●＝0．35，  

with allother variables zero．This solutionis  

difrtrent from the CCR solution．The Phase   
lIIprocessprojectsDontothemid－pOintofA  

and B．Themaximumdevia．tionratio35％i占   

1essthan thatoftheCCRmode140％whichis   

givenbytheratioofexcesss；●／x3E＝4／10＝   
0．4（40％）．  

Theaboveresultssuggestthat thePhaseIIIpro－  

CeSSissuitablefbrfindingasetofsimi1arreftrence  

DMUsamongtheefncientDMUs，Whilekeeplngthe  

CCRscore at thelevelofthe PhaseIresult．  

R月舘rence  

T・Coelli（1998）“AMulti－StよgeMethodologyfbr  

theSolutionofOrientedDEAModels，”Opert）tims  

月eβe8和ん加納rβ，22，pp．143－149．  

Table2：CCRrScore，ReftreりCeSet，Slacksand％Change  

l  

β3 β1／ェ1β2／ェ2 ぶ3／ェ3  DMU Score Ref．sI S2  
0  0％  0％  0％  A  I  A O O  

B 11■   A．・0 0  0  0％  0％  0％  
C  O．5  A－ 0 3 1．5  0％・．30％ 30％  

D‘  0．5  A O O．5 4  0％ 10％ 40％  
E  O．5  A O 3  4  0％  30％  40％  
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