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asystematicterm，一穐ノ，andadisturbanceterm，V， 

fbllows  

γ＝′（ズ）＋v  
（1）  

HoweYer，if fbr somelevels（Or Settings）the  

intrinsICPrOpertiesoftheinputchangeandprovoke  
alack ofoutput，mOdel（1）does not work・Let’s  

suppose that the physical state of a chemical 
SubstancechangedfromthesettlngX＝10givlngthe  
OutPutplottedinFigurel．   

Introduction  

The concept ofefnciency has beenintroducedin  
economicsasthe abilityofanrmtooperatewith  
the minimum’1evelof resources necessary to  
PrOduceits 
COmPetitive over the time．In this context，the  

inefnciencycanbede丘nedastheuseofexcessive  
lnPuttOPrOduceitsoutputortheunderproduction  
Ofoutputgivenitsinput．Toestimateefnciencytwo  
families of methods．have been developed：  

Parametricandnon－Parametricmethods．Theformer  

methods involve the econometric estimation of 
parametricfunctions，Whilethelatterdonot．Oneof  

the main parametric methods is the stochastic 
丘ontierproductionfunction，inwhichtheerrorterm，  

e，is de丘nedas the sum・Ofadisturbance term，Vi，  
and a non－negative stochastic variable ui．It was  

assumed that the viS Wereindependent and  
identically distributed（i・i・d・）normalrandom  

Variables with mean zero and constant variance，  
independentoftheuiS，Whichwereassumedtobe  
i．i．dexponential，trunCatednormalortwo－Parameter  

gammastochasticvariables．Themaincriticismof  
this methodis that：difftrent distributionsfor the  
StOChasticinefnciencyuleadtodifferentestimates  
for the productionfunction parameters，and there  
are nogoodaprlOriargumentsfor anyparticular  
distributionalform．Ontheotherhand，OneOfthe  

main non－Parametric methodsis the’data  
envelopment analysIS，Whichis based on the  
maximizationoftheratio：Weightedsumofoutput  
VS．Weightedsumofinput．Thismodeldoesnotuse  

anyfunctionalformoftheproductionfunction・But，  

itisverysensitivetothenoiseofthedata・Theboth  
familiesofmethodsareusedtobenclmarknrmsin  
Ordertoimprovetheirperformances．  
Having beeninspiredfromthe stochastic丘ontier  
PrOduction modelweintroddceinthis paper the  
COnCePtOfthe・eStimationoftheinefficiencybya  
POn－StOChastic（multi－SteP）function・Followingthis  

lntrOduction，the cdnceptis developed and two  
applicationsareproposed・   

TheComcept  

Inqualitycontroldomain，ithasbeensupposedthat  
theouq）utOfaphysicalphenomenon，y，1SaSumOf  
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Figurel：Plotoftheperfヒctoutput＊andthe  
Observedoutputiわ．  

Basedonthescatter－plotoftheobservedoutputand  
the high value of the correlation coefficient 
R2＝0．9966，We Can COnCludethat the obtained  
OutPutis acceptable and can be modeled？S  
】わ＝4．57x＋32．36．But，really the perfbct outputlS  

物＝5x＋30，anddu占tothechangeofsomeintrinsic  

PrOPerties oftheihput，the observed output was  
deviatedfromtheperfbctone，hencethelimitofthe  
model（1）fordetectingthislackofoutput．  

In this paper，We PrOPOSe tO decompose the  
SyStematictermintotwotermsonerepresentlngthe  
bestoutputobtainedfromthe空XOftheusedinput  
notedgれノandtheotheraposltlVetermnOtedu砂  
representlngalackofoutputcausedbythechange  
Ofsomeintrinsicproperties oftheinput and／ora  
ChangeofsettlngSOfsome supposedfairlystable  
（Or maStered）factors that are confusedinto the  

disturbanceterm．Theproposedmodelisde坑nedby  

γ＝g（ズト王申）十V  （2）   

Thetermu¢ノenablesto assess th占・di脆rence of  

performancebetweenthebestobservationsandthe  
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Others．Therefbre we callitinefnciency．In this  

COnteXt，the term“perftct”means the optlmum  

output obtainable from the input and the term 

“best”meansthebestoutputobtainedfromtheused  
lnPut，Whichisnotnecessarilytheoptlmum．  

Inthestochastic丘ontiermodel，theinefnciencylS  

assumed to be a component of－the error term．・It  

meansthatu在ノisarandomfactor，SuChasthewi11  

andtheeffbrtoftheproducerandhisemployees，  
andperh？PS？uChfactorsasdeftctiveanddamaged  
PrOduct．However，in ordef to estimate the  

inefnciencyrelatedtotheintrinsicproperties．ofthe  
lnPut SuCh．．as the change of some physical  

Characteristics of the components，．We SuggeSted  

a’ccountlngtheinefnciencyas acomponentof’the  

SyStematic：term 
multi－StePfunction・Bec．ause，We think that any  

functioncanbeestimatedbyasumofelementary  
StePfunctions．Thelintrinsicpropertiesoftheinput  

are nbn＿StOChastic factors．Thereforeit 

reasonabletocomputetheirefftctsbyasystematic  
tem．  

The proposed conCept enables to decompose－the  
levelsofinputintozope早Ofdi鮎rentperformances  
ahd helps analystsltO diagnose the causes of  
inefnciencyoftheirsystems．  

COntrOlled only by the quantities of oxygen and  
nutrients．TheotherfhctorssuchasthevelocltyOf  
thewind，thenumberofcloudydays，theamountof  

radiation，畠ome unknown fhctors，占tc．can be  

SupPOSedasfairlyconstantandcanbeincludedinto  
the disturbance term．However，if theintrinsic  
PrOPertiesofthenutrientschangeorifoneprmore  
Ofthesupposedconstantfhctorschange，thensurely  
thesysteln7sperform？nCeWillchange・Forexa叩Ple，  

if the calcium content ofnutri6nts chang箪S，th6  

breedingprocesswillbedecelerated6raccel占rated  
andtherefore the overallproductdfthe falTn Will  
respectivelydecreaseorincrease．Inordertoassess  
the variation of perfbrmance and diagnose the  
POSSible causes，We PrOPOSe tOimplement the  
proposedmodelandestimatetheinefnciency．by左  

multi－Stepfunction．  

Theproposedn占wrpodel－enablestodeCompose・the  

levels 6f the retained血ctorsinto difftrent zones  

Where theperformance ofthe systemis difftrent・  

Thezonqs ofgoodperfbrmance even thoughthey  
areanindicationofanexceptlPnalimproYement．in  
productivlty，areCadseforin↓estlgation，Sincethey  

may benefit farmer to鎖nd the reason？nd adopt  

PraCtices，Wh’ichleadto arhelioration the yield of  

theirprocesses．   

Otherexamplesandsomenuplericalresultswillbe  
Shownduringinthepresentation．   

乃血 仰〃止 血〟∫ ふgg〝■ク〃J坤′ ∫仰〃〟g〟 如J如  

∫〟∫α血w〟助〃叩C肋肌ゐ伽〝J♪〃沼地  
J如α〃∫cfg〃Cg∫〃Cわ叫   
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Applicationl：Developmentofanewresin  

Theproposedconceptcanbeusedinmany重elds  
SuChasqualitycontrol，SOCialscience，eCOnOmics，  

etc．Inthissectionweproposetostudytheproblem  
Ofmixlnglngredients，Whichisatyp19alapplication  
in the quality controldomain・To develop anew  

resinヮsuallywearesubjecttosetupthevaluesof  
dozensofparameters二Afteracarefu1studyofthe  
r＄Sin manufacturlng PrOCeSS，We nOticed thatfor  

many mixtures the variation in the resin mixture 
PrOPOrtionsisimportantwhereas thevariations of  

thesettlngSOfthe，kneading，grindingandliItiection  

paramet？rSValuesafenotto6r占mqrkable．hfact，  

accordingtothemixtureonlyafinetunlngOfth占se  
ParameterSShouldbedone．At丘ー畠t，WeaSSumethat  

the parameters of the kneading，grinding and  
lIt）eCtion：Sub－PrOCeSSeSaremaSteredandweselect  

the proportions of・theingredients as key factors・  

However，if for some mixturps theintrinsic  
Characteristics ofsome－component change orbad  
SettlngSOfthesupposedmasteredparametersoccur，  
alack ofoutputwi11be generated．ThisLlackis  
Calledinefnciency．、In orde王to evaluateits value  

andd占termihetherangesofinputwherethe亨yStem  
Performs・better，WePrOPOSe 

model．  

Application2：Controlofa鱒shpopulation  

SupposethatabreederwanttOCultivatesomekind  
Of瓜shes．We assume thatthe且sh populationis  
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