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Ofinputand／orashorぬ11inoutputcomparedwiththe  
丘ontiers．In figurel，the 丘ontiers of BCC－mOdel  
COnSistsoftheboIdlines connectingA，B andC，The  

BCC－efnciency score of Dis evaluated by the ratio  
PRJPD．A，BandCareonthe舟ontiers，SOtheyareBCC  
efncientandtheirBBC－efnciencyscoresarel．  

‡m仕『①dⅦ旺せ丘①m：  

ThispaperisconcemedwiththeregrouplngOfclusters  

Ofsystems su旬ect toine餌ciencylntO grOupS Whose  
Observations share common characteristics such as the  

performancelevel・Asdennedin［4，5］theinefnciencyS  

a systematic term due to change Of someintrinsIC  
properties oftheinput such asthe change Of some  

Physicalcharacteristics ofa mix componentand／or a  
Change ofsettings ofsome supposed fairly stabIe（Or  
mastered）factors whose are蝕stly confusedinto the  

disturbamceteTm．Examplesofine餌ciencyaxedetai1ed  

in［2，3］・Inpreviousworks，havingbeeninspired倉om  

thestochastic倉ontiermodel，WePrOpOSedaparametric  

techniquetoestimatetheine餌ciencyfunctionfbrlinear  

SyStemS【2，3，4，5］．Inthosestudiesthesystematictem，  

Whichrepresentsthemixofinputhasbeendecomposed  

intotwotermsonerepresentingthebestoutputobEained  
倉omthemixoftheusedinputandtheotherapositive  
termrepresentingalackofoutputcausedbythesocalled  
inefnciency．Forlinearsystems，thelikelihoodfunction  

has been maximized andthe number ofgaps ofthe  

ine餌ciency餌nction has been optimized thFOughAIC  

（AkaikelnfbrmationCriterion）score．   

The estimation ofnumberofgaps retums to grouplng  

Observationsinto clusters，Whichwi11hopefu11y share  

COmmOn Characteristics．The grouplng methods  
perfbrmedonarawdatasu叫ecttoine躇ciencyshowed  
itslimit．Inthisstudy，Withoutassumingthelinearityof  

thesystem，WeprOpOSeaneWnOn・parametrictechnique，  

Which combine BCC（Banker－CharneS－Cooper）model  

and the clustering methods．We willshowin the  
fo1lowlng that clustering of BCC－SCOreS Of the  
Observatiomsis moremeaningfuIthanclusteringofthe  

rawdata・Inaddition，倉omthescoresdendmgrams，the  

numberandpositionsofgapsaremoreeasilyfoundthan  

bytheparametricmethod．Goodresultshavebeenfound  
fbr a data sutかct to a slngle and multiple step  

ine餌ciencyfunctions．Followlngthisintroduction，the  
BCC－mOdelisintroduced and the new conceptis  

developed．  

T伽e皿CCm①de皿  

BCC modelis one of the most basic DEA（Data  
EnvelopmentAnalysis）models【l】，Which wasinitially  
proposed by Banker，Chames and Rhodes【6］．The  

PrOductionfiontiersoftheBCC－mOdelarespannedby  
theconvexhulloftheexistingDMUs（Decisionmaking  
Units）and have piece－wiselinear characteristics．The  

PrOduction possibilitysetin the area consisting ofthe  
frontiertogetherwithobservedactivitieswithanexcess  

Input  

Figurel：TheBCCmodel．  

T馳ee①m肋丘m（edm①de皿  

Letusbeginwithasimpleexample．Figure2exhibitsa  
SyStem Subject toinefnciency characterized by a  
Shortage ofoutput fbrthe observations7～20．FoTthis  
Simplecase，”dataclustering”wouldbethebestmethod  

toregroupthedataintothreegroups．However，舟omthe  
dendrogrampIottedin重gure3thistaskisnotveryeasily  
accomplishable．Becausethesimi1aritylevelbetweenthe  
Observationsisveryhigh，WhichmeanSthatthedistance  
between clustersis very small．Therefbre the 爪nal  
regrouplngOftheobservationsintothreeclusterscannOt  
beeasilydone．  
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Figure3：Dendrogramoftherawdataofone－independent  
Variablesystemforthesimilarityleve195％．  
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Figure5 and 6illustrates the dendrograms of a  

two－independent variable system，Where only an  

independent variableis su句ect toinefnciency・The  

dendrograms ofthe BCC－SCOreS Shows as expected  

the presence oftwo clusters，Characterized by the  
Samelevelofperfbmance．  

We remember that our purpose is to estimate the 

relativeine餌ciency．Then，Wehaveto compare the  

performanCeOftheobservationsbetweeneachother  

and groupthe datainto clusters having nearly the  

SameperformanCelevel．Forthispurpose，WeprOpOSe  

toestimatetheBCC－e餌ciencyscoresofthedi飴rent  
Observationsand clusterthem ratherthan clustermg  

directlytheobservationsoftherawdata．   

Itis to remark that except the extremities，the  

BCC－efncient observations are polntS Ofchange Of  

performance，and，We may think that these polntS  

COuldbeontheedgeofclusterswhoseobservations  

Share commonlevelofperformance．Therefore，tO  

determine the simi1arity1evelfor cutting the  

dendrogram，the BCC－e餌cient observationsare the  

keypoints，Whichcanhelpustomakethemostsense  

toourdata．  
Figure6：DendrogramoftheBCC－emCiencyScoresofa  
two－independentvariablesystemforthesimiJarityleveJ95％  

Comclusion  

Acombinedmodelhasbeendescribedforclustering  
Observations ofsystems su切ecttoine疏ciency．The  

mainadvantageOftheproposedmodelisthegrouplng  
Ofobservationsintoclusters，Which sharenearlythe  
Sameperformancelevel．Forsystemsdescribedbyone  
and twoindependent variablesit was shown that  

Clustering of the BCC－efnciency scoresis more  
meaningfu1andeasiertointerpretthantheclusterlng  

ofthe raw data．Future research willfocus more on  
Clustering of observations of multi－Variable  
independentsystems．   
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Figure4：DendrogramoftheBCC－emCiencyScoresof  
One－independentvariablesystemfbrthesimilarityleve195％．  

Using this proposed teclmique，Which combine the  

BCC－mOdelwiththeclusteringmethod，WeWereable  

to djstinguish more easily the three groups whose 
observations are characterized by nearly the same 

PerformanCelevel．AsshowninFigure4，COmparedto  

thedendrogramoftherawdatatheminimumlevelof  

Similarityhasbeenimprovedfrom99．23to91．76％，  

which means that the distanCe between the  

Observationsincreased，COnSequently，the clustering  

processbecameeaSier．Forthesamelevelofsimi1arity  

SettO95％，theclusterlngOftherawdataclassinedthe  

Observationsinto only one group；however，the  

ClusteringoftheBCC－efnciencyscoresclass沌edthe  
ObservationsintoexactlytheexpeCtedthreegroups・  

Figure5：Dendrogramoftherawdataofatwo・independent  
Variablesystemfbrthesimihriけ1eve195％．  
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