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Generally，itissaidthattheproductionfunctionis  

Sinshape．Cobb－Douglastypeproductionfunction  

whichisoneofSshapefunctionscanbealinearfunc－  

tionthroughlogarithmictransformation・AIso，ifthe  

Optimalsolutionhassomepositiveslackthenincor－  

rectlye侃ciencyscore．Theconstrainedfacetanalysis  

（CFA）concept which extends the e侃cientfrontier  

tooutsidetheproductionpossibirityreglOniswell－  

known methodcanbeexcluded theinfluenceofthe  
SlackandsoIveaboveWeietal．s’anOtherproblem・  

Sointhisstudy，WeemploythemultiplicativeBCC  
modelwithCFAbyHirasetal・［3］torepresentthe  
productionpossibilityreg10n・   

TbsolvetheproblemthatifthereareSOmeSlackl  

thenthee侃ciencyratioisbend，WeemplqytheAn－  

dersenandPetersens’model［1］・Mostcharacteristic  

oftheirmodelisthatwecanobtainthemagnifica－  

tion（orcontraction）ratiotoconstructthee侃cient  
frontierwithouttheobjectDMU・   

2。皿。Model   

Ⅵねformulateourmodelwhichhastheproduction  
possibility region based on the multiplicative BCC 

model．It．is assumed that we observed DMUs over  

periodOthroughperiodt・Wbfocusontheprogress  
（orregress）ratioperunitr；eriod．So，Wefirstcal－  
Culatetheprogressratio（orregress）overallperiods・  

Thenotation’入，meanslogarithmicallytransfbrmed，  

i・e・鶴equals（1nXb）・  

【Pl】  

maX  70  

TI  s・t・∑入J。鶴≦亀哀＝・1，…，m  
j＝1   

Tl  

∑入j。毛；≧も＋鷲，γ＝1，・‥，た  
J＝1  

人j。＝1  

J＝1  

且。‡mtr①ducti①n  

Itisanimportantforcompanymanagertoknow  

his／hercampany’spositionintheindustry・Tbknow  
theinformationsuchasthis，themanagerCOmpareS  

theperformanCeOfhis／hercompanyWiththestan－  
dardofindustry．He／sheknowseasilyhis／herpresent  

（orpast）finanCialconditionandsoon，butdi伍cultly  

themagnificationofprogress（orregress）oftheen－  
tireindustrywhichisbelongedtothecompany．So，  

itbecomesane飴ctiveinformationforthecompany  
tocalculateandgrasptheprogressoftheindustry  

OVerperiods．   

Often，theratio ofthe oneyear’s gTOSS Sales to  

thepreviousyearsalesemploystorepr飴entthemea－  
SurementOfprogressoftheindustry・But，thisratio  

mayberepresentincorrectlythedegreeofprogress  

accordingtoincludesomeinefRcientcompanies，be－  

Causethesecompanymaybeine侃cientduetomake  
theirlessefrbrt．   

Wtietal・［4】proposedamethodba5edonDEA  
thatis measured the technicalprogress over time．  

TheirmethodcanbesoIveonlytheprogressca5ebut  

nottherqgress．Fbrthertherearesomeproblemsin  

theirmethod．Inthisstudy，WeprOpOSeaindexas  

measurementoftheprogress（orregress）ofanentire  
industryba父donandimprovedWbietal．s’method．   

0 2。Mea別皿『1mgp訂①greSS①r陀greSS   

Wbietal．proposedamethodbasedonBCCmodel  

thatcouldbemeasluedthetechnicalprogressover  

periods，fromOtot．Theydefinedtheratioperunit  

periodofthee侃cient打ontier’sshi氏0Verperiodsas  
themeasurementofprogress．Whenwecandivide  

allthe shi氏behaviors of the e伍cientfrontier over  

periodsintothreeca5eS，l．e．PrP9reSS，rgreSSandin－  

tersect・0nlytheprp9reSSCaSeSCanbeobtainedcor－  
rectlytheratiobytheirmethod，becausetheDMU  

atperiodOismappedonもhee凪cientfrontieratpe－  
riod t．Another probleminWbiet al．s，methodis  

thatifal1theDMUsatperiodOisnotincludedin  

theproducもionpossibilityreglOnatperiodt，thenit  

mayhassomeslackornothaveanysolution．  

ー8－   
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入j。≧0，プ＝1，…，陀  

WhereX；and埼istheithinputandtherthout－  
putofDMUjatperiodq，reSpeCtivelyand入joisthe  

nonnegativeconnectionvariableforDMUj・Inaddi－  
tion，We define that Eqis the set ofe侃cient DMU  

atperiodq．TheDMUinEqisidentifiedbysolved  

theordinalmultiplicativeBCC modelforDMUsat  

periodq，e．g．【2］．，  

Iftheoptimalsolution今；in［Pl】iszero，ithas  

potentialriskthat DMU。atperiodOisanelement  

COnStruCtingthee伍cientfrontierin［Pl】．Butthe  

e侃cientfrontierin［Pl】mustbeconstructedbyonly  
DMUsatperiodt・Tbovercomethisrisk，Weapply  

AndersenandPetersenmodeltoinvestigateDMUo  

atperiodO．IfitssolutionisnotO，thenDMU。at  

periodOisabovetheefBcientfrontieratperiodt．So，  

WeCanCOnCludethatDMU。isre9rt！SSOVerperiods．   

Moreover，ifthere has apositiveslack，Weapply  

Hiraseetal．s，modeltoexcludetheinfluenceofslack  

value．   

2．2．Calculatingprogressratio   

7；isexponetiallytransformed霊，i・e・霊equals  

exp（㍍）・   

Assumethat ZgistheperformanceofDMU。at  

periodq，then7ニSatisfiesthefo1lowlngrelation：   

＝霊＝（1＋α0）f  

Thus，  

α。＝γモー1  

Wedefinetheindexα。aStheprogress（orregress）  

ratioforDMU。perunitperiod．   

AIso，WeWanttOCalculatetheprogressoftheentire  

industry undertheconditionthatthemanagement  

OfDMUperformse凪cient．Theprogress（orregress）  

ratiooftheentireindustryisdefinedfromthesetof  

thee氏cientDMUsatperiodO，i・e・EO・Inshort，the  

indexfortheentireindustrymeanstheratioofthe  

e伍cientfrontier’s shift．So，We definetheindexof  

entireindustryasfo1low：   

α＝嘉αo  

wherenOisthenumberofelementsinEO．   
TheseindicesissameassenseofWeietal．■Ifα。Or  

αismore（1ess）thanunity，thenitmeansthepro9reSS  

（rqrt：SS），reSpeCtively．  

2．3．Procedure   

Stepl：Evaluatethee凪cientforeachDMUforeach  
periodusingthemultiplicativeBCCmodel【2】，and  

identifythee侃cientDMUforeachperiod・  

Step2：SoIve［P2］foreachDMUintheEOto  
DMUs at periodt．Ifitisinfbasibleorthereha5a  

positiveslack，thengotostep Step3・Andifthe  

Optimalsolution今。equals O，then apply Andersen  

and Petersen model．   

Step3：Constructingthee侃cientfrontierwithEl  
uslngHiraseetal・S，model・Then？eValuatetheDMU  

inEOco血paredwiththis丘・Ontier・   

Step4：Calculatetheindices，α。andα，uSlngthe  

OptimalvalueswhichareobtainedbyStep2and3・  

Anumericalexamplewillbereportedinthepre－  

Sentation．  

3．Conclusion   

Thispaperdiscussedthatthemethodtomea5ure  

theprogress（orregress）ofanindustrybasedonDEA  
methodology・AIsoweproposedtwoprogressindices  
i．e．theprogress（orregress）ratioforeachcompany  

（DMU）andtheindustry（thesetofDMUs）・Itmay  
beafutureworktocompareourindiceswithsome  

O侃cial（orpublic）indicesabouttheseprogresses・   
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