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accessaninputpricevectorり＝（plj，P2j，・・・，P両）・  

Undersuch an additk）nalassumptlOn，WeCanalso  

formuhteDEA costanalyds．Afterobtainlng the  
COSt minimum， the level of cost－based  

efficbncy（nこ）ofthekLhDMUisdeterminedby  

ikX…k＝pikXkXik・  ／蓋浄  
Theefficbncyisdeterminedbytheratioofthecost  
minimumtotheobserledcost．Thistypeofeffici－  
encyisreferredtoas“Overa11Efficbncy（OE）”・   

Toextend（1）furthqin（OtheRTSmeasutement，  

thisstudyneedstodocumentitsdualformuhtion  
thatismathematicallyexpre5SedbyModel（2）．   

max  S    ∑wryrk・Gl－G2  

r＝1   

m S  

S・L－∑viXij十∑wryり＋Ol－G2≦0・j＝l，・・・n 

i＝1  r＝l  
（2）  

m  

∑viXik  ＝1，  

i＝1  

Vi≧0，Wr≧0，01≧0，andG2≧0・   

ThedualvariableG（＝G］－G2）corre甲Ondstothe  

inter∝ptOfasupportIng hyperplaneon the kLh  
DMU．   

3．OptimalComdi60nS  
Optimblcondidons betw？en（1）and（2）can be  
Summarizedinthefollowlngmanner：  

1．Inh・0血ICdon  

DataEnvelopmentAnalyds（DEA）hasbeen涙dely  
applid to the efficbncy measurement of many  
decisk）natentitbsin publicandprlVateSeCtOtS・In  

thepreviousDEAstudies，thisresearchfindsmany  
DEAreヲearChefforts 

． 

research needto exp］olea theore（icallinkage，Or  
SO－Ca11ed“dualib，，”betweenproduc（ion－basedand  
COSトbased DEAJRTS measurements，focusng  
upponwhenmultiplesolutionsoccuron RTSand  
howtodealwithsuchadiff血1ty．   

2．DEA払rmuhtion  

TodescrわetheanalybcalstruchJreOfDEA侃TS  
measurement，thisstudyfirstassumesthatthereare  
nDMUs（DecidonMakingUnits），Whichisdenotd  

by j∈J＝（jlj＝1，2，…，nl．Theprodudionproce5SOf  

eachDMUischaraderizedbybothanlnPutCOlu－  

mnvectorxj＝（xlj，X2j，・・・，X叩j）T＞Oandanoutput  
T 

columnvectorYj＝（ylj・y2j，…，y可）＞0・Under  

theseassumptlOnS，DEAproduc（ionanalysISis  
formuhtedbyfollovvLngmOdels：  

min O   

n  

S・t・－∑xり入j＋Oxik≧0，i＝1・・・，m  

j＝l  

n   

革y㌔j   ≧yrk，r＝1，・・，S  

J＝l  

n   革九j   ＝1・  

J＝l  

入j≧OandO≧0・  

（l）  

S  

（a）0＊＝∑w：yrk・G芋－O芸，  
r＝1  

（b）df＊v；＝0，d誉＊＋V；＞0，i＝1，・・・，m， 1  
＊ 

（C）dぎ＊w；＝0，dぎ＋w：＞0，【＝l，…，S，and  

（d）ぺt；＝0，べ・t；＞0，j＝Ⅰ，‥・，n・  
wh ere 

Here，Variables九j（j＝1・…，n）are used to make a  

COnVeX hu1lofinputs and outputsin these data  

space鼠The optimal 0＊scores of Model（1）  
indicates thelevelof a produdion－based DEA  
effickncyscore．Theefficbncyscoremeasuredby  
ModeI（1）isconventionallyreferredtoas“Technト  
CalEfficbncy（TE）”inprodudioneconomics・   
Besidestheinputand outputvectors used for  
PrOduc（ionanalysIS，thisstudyassume；thatwecan  

（3）  

n n  

df＝Oxik－∑xijLj（i＝l，…，m），dぎ＝∑y血一y，k  

j＝1  j＝l  
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（a）ifβk＞0，then（5）hasaninfinkenumberof   

Optimalsolutions，  

（b）ifPk＝0，then，（5）hasauniqueoptima）solutbn，  

（C）βkisnev？rnegative・  

6・HoTtOI）ealwidlMul叫eSoluthn  
ReturnlngtOModel（2），thisresearchestimatesthe  
upper andlower boundsof o by the followng  
formuhtion：   

m S  

（r＝1，・・・，S）and 

i＝l  r＝1  
4．CharaderizadonofaSuppordngHyper由ane  

ThreetypesofRTSaredeterminedbyexaminlnga  
Slgn Of theintercept（G）of 
hyperplan9S・Hence，beforediscu5Slng RTS，this  
Studyneedstocharac（erizeamathmalicalstruchlre  
OfthesuppoJtlnghyperplanes．  

‾ 

。t  
expressedby  
m S  

－∑viXi＋∑wryr・Gl－G2＝0  （4）  

i＝1  r＝l  
Where，the parameter o（＝Gl－G2）indica【es the  

interceptofthesupportlnghyperplane．  

max／min G）－O2  

m S  

s・t・1－∑viXij・∑wry再・Gl－Cr2≦0，j∈J－IE  

i＝1  r＝1   

m   

革viXik  ＝1，  

l＝1   

S  

∑wryrk・Gl－O2＝0も，  
r＝l  

Vi≧0，Wr≧0，Gl≧0，ando2≧0・  

（6）  

■Acost－basedsupportlnghyperplane  

Uismathematicallyexpre5Sedby  
S  

c＝∑wryr・Gl－G2  （5）  

r＝1  
Where，theparameter’？（＝Gl－G2）indicatesthe  

inter∝ptOfthesupportInghyperplane・  

5・AnOccurrァnceofMul叫eSolutbns  
Multiplesolut10nSmayOCCurOntheinter∝Pt（G）  
Ofasupportlnghyperplanes．Theoccurrenceof  
SPChmultiplesolutk）nS（mu極Ie 
tlOn－based DEAノRTSmeasutementcan bemathe－  
maticallycharacterizedbythefo”owngcondidon  

r  

foJlo、Mngnumbers；  

Animportant feature of above modelis thatit  

incorparatesthelevelof TEv（0も）into（6）．IE  
indicatesa group ofineffbient DMUs．For cosト  

basedDEA侃TSm占asurement，Weincortx）rate the  

costminimum（c芸）into therighthandsideof  
S  

∑w叫十01－02in（6）・  

r＝1   

7．RTSDetermination  
＊ 

Let百（＝GJG）betheoptimalobjecdveofthe  
maximizationproblemof（6）and G＊bethatofits  
minimiz？tion・Then，theproduction（inpuO－based  

RTSestlmateCan beclass首iedintothe followng  
threecases：  

（a）IRTS（→G＊＞0，（b）CRTSく→存＊≧0≧G＊，？r  

（C）DRTSoO＞百＊  （7）  

Theabovethreecases（7）descrわeamathematical  
descrIpt10nOnthe’threetypeSOfRTS．   

8．Concludon  
ThisstudyanalybcalIy characterizesa supportlng 
hyperplaneonareferencesetthatismeasuredunder  
Variable RTS technology and then propo5eS．an  
arithmetric method to find an occurrence of  
multipleRTSsolutbns．Thisartick：also documents  

howto dealwith such a diffia）1ty．Besides，this  

articb descr証）eS the dual relatk）n On SCale  

efficbnciesandthatofscaleeconomiesprovidinga  
theore（icallinkage between production－based and  

cost－based RTS measurements．  

い 
ぺ＞0，j＝1，・‥，n 
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＃（Rk）＝thenumberot’   
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Letdk＝m・S－＃（D之）－＃（D芝）－＃（Rk），  

＃（D之）＝thenumberof（r・dぎ＊＞0，r＝1，・・・，S）・   
（a）ifαk＞0，then（4）hasaninfinkenumberof   

OP（imalsolutk）nS，  

（b）ifαk＝0，theh（4）hasauniqueoptimalsolutbn，  

（C）αk）SneVernegative・  

Theoccurt℃nCeOfmuItipleRTSincost－based  
DEA侃rISmeasurementcanbecharacterizedbythe  
follovvLngCOndidon：  

Propodtion4：AfterwemeasuretheOEvofthekth  

DMU，WeCOmPute＃（Rk）and＃（D之）・  

Letβk＝S・1－＃（D之）－＃（Rk），  
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