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adequate・Contrarily，itsuse COnducts to a bad  

estimationofthemodelparameters・Toevaluatethe  
inefnciency，aneWtermShouldbeaddedtomodel  

（1）・Themodelcanbewrittenimplicitlyasfo1lows：  

伽毘γVed侮J〟e＝打〟e Vα／〟g一九∈解cfe〃り ＋  

∂ね′〟r占〟〃Ce  
（2）   

Where the disturbance termis the classicalerrorof  

model（1）．   

Physically，theintroducedinefnciency term  

representtheefftcts ofcontrollable factors，Which  

are nonrandom settlngS Of the studied system・  
Therefore，COnVerSelytotheclassicalerror，Whichis  

Symetric，eXtrinsic，an unbiased and a random  

term・We think thatinefnciencyis asymetric，  

intrinsic，unbiasedandanonrandomterm［4］．  

3．FormulationoftheModel  

Based onthe previous explanations，0urmOdel  

Canbewrittenexplicitlyasfo1lows：   

γ＝ノ拝lβ）－〟（ズ）＋v  （3）   

Whereyis the observed output，fis the system  

function，Xistheinput，Oisthemodelparameters，u  

is theinefnciencyfunction（u¢）≧0），andvis the  

disturbanceterm．   

For an afnne system f（x10）＝吼＋qx and  

foramulti－StePinemciencyfunction，mOdel（2）can  

berewrittenasfo1lows：   

γ＝β0＋β1ズー〟（∫）＋v  （4）   

Whereyistheobservedoutput，Xistheinput，q），q  

arethemodelparameters，Visthedisturbanceterm，  

v～N（0，♂），and  

〈 

1＋l  
〟（ズ）＝紬where員＝ 

Tb＝－∞，㌦l＝∞andAo＝0・句isthevalueof  

thej建gap，7jisthepositionofthej也gap，andMis  
thenumberofgaps・  

1．Introduction  

Asweknow，anObservedormeasuredvalueofa  
Physicalphenomenoncanbewrittenasthesumof  

itstrueValueandanerrorterm，Whichobeystothe  

fourconditionsOfGausS－Markov［1］．But，Whenthe  

error term does not obey to those conditions，We  

used to assume that it does and we continue our 

analysis，Which is typICally an unrealistic  

assumptlOn・Forthiskindofsystems，Whichpresent  

inefnciency，WePrOPOSein this papera mOdelof  

data and a teclmique for evaluation of the  

inefnciency and・the difftrent parameters of the  

model．  

2．ConceptofProductionProcess   
IneMiciency 

Inresearchanddevelopmentstagesometimeswe  

are subjectto nx the values ofalarge numberof  

parameters ofmanysub－PrOCeSSeS．Letus suppose  

that we have a productionline composed by5  

Sub－PrOCeSSeSandwehavetonxlOparameters at  

eachstage．Inordertoevaluatetheoptlmalvaluesof  

thedif托rentparameters，basedontheexperienceof  

the stafT；we check the degree ofmaster of the  

Sub－PrOCeSSeS andtry to beginthe analysis bythe  

WOrStmaSteredone．BythisassumptlOn，itisclear  

thatsomebadsettlngSOfthecontrollablefactorsof  

thesupposedmasteredsub－PrOCeSSeSCanOCCurand  

alackofoutputwillbegenerated．Toestimatethe  

expeCtedresponseoftheprocess，aneValuationof  

thatlackisrecommended，butinordertoreachthe  

expeCtedvalue，areSearChoftheorlglnSOfthelack  

isnecessary．  

Inthefo1lowlngClassicalmodelofdata：   

0ム∫erVedI匂／〟e＝打〟eV（血e＋且rr（フr  （1）   

the efftct of the non－COntrOllable factors is  

representedbytheerrortermandthecombinationof  

the controllable factors is represented by the term 

“trueValue”【2，3］．But，ifwewanttoevaluatethe  

lack of ouq）ut（inefnciency），mOdel（1）is not  
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For searching the parameters of the previous  

model，the residualsum of squares should be  

minimizedasshowsthefo1lowlngSyStern‥  

∫e（叫＝min皇∑♭，－∂。－わ十8jf（5）  
J＝Oi∈IJ   

Whereち＝（iJち＜xi≦ち＋l），tO＝－㍗，t抑＝∞，80＝  

Oand4，，亘，句an叫arerespectlVelytheestimates  

Ofq），q，句弧d71・  

Itis clear that fbr zero gap，M＝0，（5）givesthe  

residualsumofsquaresoftheordinaryleastsquare  

（OLS）method．So，the proposed methodis an  

extensionofOLSandwecallit“extendedOLS”．  

4. Parameters Estimation and Gaps 
NumberSearch  

ThesearchoftheoptlmalnumberofgapsreturnS  

to the searchofthe optlmalnumber ofthe model  

parameters，Which can be done through Akaike  

InfbrmationCriterion（AIC）［6］．   

Theestimation ofthe modelparameters canbe  

doneaccordingthefbllowlngStepS：  

Stepl：For肪0，Calculate the residualsome of   

SquareSSe（0）accordingtheOLSmethodandthe   
COrreSPOndingAlCscore，AIC（0）．  

Step2：IncrementMbyl，Calculatethenewresidual   

SumOfsquaresSe（M）anditscorrespondingAlC   
SCOre，AlC（M）．  

Step 3：COmpare the actualAIC score to the   

previouslycalculatedscore・Iftheactualscoreis  
largerthanthepreviousone，thenthesystemhas  

（Ml）gaps・EIse，gOtOSteP2・  

5．SimulationandConcluding  
Remarks  

We check the results glVen by the proposed  

methodthrough Monte Carlo experlmentforzero，  

OneandtwogapsasreportsTablel．Basedonthe  

Simulation results，it was proved that our method  

WOrksforevaluationofthenumberandthepositions  

Ofthegapsaswellastheestimationofthedifftrent  

modelparameters．   

During the simulation，We nOted that the  

computation time increase exponentially when the 

numberofgapsincrease．Infact，forafactorofL  

levels andfor searching r gaps，We Shoulditerate  

L．］C，times，Where C means combination．To  

decreasethattime，Otheroptlmizationmethodswill  

beinvestlgatedinfuturework．  

Tablel‥Resultsofthegapsnumbersearch．  

Mis the estimated number of gaps，Seis calculated  

according（5），Pis the degree offreedom ofthe model，  

AIC（p）＝〃Ln（Seb））＋2p，Where Nis the number of  

Samp16s・tl，81，t2，82，t3and83arereSPeCtivelytheestimates  

OfthetruePOSitionandvaluesofthegapsTl，Al，ち，A2，T3  

and△3．  

nOgapS   OnegaP  twogaps  

△1＝10，rl＝7，  
gap＝0   △1＝5，rl＝10  

△2＝20，ち＝14   

Aオ  0  口  0  口  2   0  口  2  3   
∫e  20．6  17．9  46．7  10．9  9．51  168，49  126．56  21．29  17．71   

3   ロ 5 ご 7   

AIC  62．2 63．7   78．9 53．8 55．1  

ク        田  

10  7  7  2   

8l  5．37  5．4  10．6  －1．81   

／2  】4  

田  20．25   

／3  14  

83  17．29   

β。        30．8      34．12  30．26  29．46   

β．  5．01  4．98  4．57  4．97  4．90  3．63  4．00  4．96  4．84  

Theusefu1ness and the worth ofthe proposed  

method were checked through a case study of  

developmentofanewresin，Whichwillbeexposed  

indetai1sduringthepresentation．  
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