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3。IDEAm①de皿伽『me鮎Ⅶ『五喝ES  

Baumoleta［．（1982）de負neEStoexistbetween  

two productsif the cost of producing two  
PrOducts by one firmisless thanthe cost of  
PrOducingthemseparately hspecialized鮎ms，  

i・e・，C（γl，γ2）＜C（γl，0）＋C（0，γ2）・Wherec（ルγ2）1S  
the cost ofjoint production bythe diversined  
鮎m，C（yl，0）andC（0，y2）aretherespectivecosts  

Ofproduction ofyJandy2by two specialized  
蝕ⅧS．Sothelocaldegreeofecomomiesofscope  

のES）ぬr餌Ⅶノisde丘nedas  

且。Im仕『①dⅦ¢仕五①m  

This paper concentrates on a mu且ti一雨age  
PrOduction process whereidle capacicy arises  
due to unequal1engthof production runs of  
intermediatestages，Whichleadstosca／eefftcts）  
Whenproductionisexpanded．Ifthedemandfbr  
OutPutis downward slopping，theninstead of  
SCaling up existing output merely on basis of  
CaPaCityutilization，the魚mcouldalsousethe  

existingidle capacities to diversi＆imto other  
PrOductssoastoertjoyeconomiesofscope（ES）・   

The empiricalestimation ofcost struCture  
has shedlittlelightonthekindsofproduction  
PrOCeSSeSthatleadtoscqpeeconomies．Inthis  
paperwehavemadeanattemPttOSuggeStaneW  
data envelopment analysis（ひEA）modelto  

estimate a cost 丘－Ontier revealing scope  

economies anslng 丘om task・6PeCi魚cidle  

CapaCitiesinthemultistageproductionmodel・   

2。N凪紬町e¢紬『¢伽d五⑳mm①鮎皿  

WelookatproductionasaJ郎か甲eC押クrOC？∫  

in which productionis broken dowmintoltS  
VariousprlnCiplestages．Theideaistobringout  
inherent hiddenindivisibi［ities ofthe activities  

by observ1ng the tasklengthassociatedwith  
each stage．The main obseⅣ如ionis 血at  
PrOductionprocessusual1yconsistsofmorethan  
OneStage，andthetasklengths associatedwith  
Variousstagesneednotbeequal．Thisisbecause  
difftrent pleCeS Of capitalequlPmemt uSed at  
different stages of production serve difftrent  
purposeand are designed withrespect to that  
PurPOSe at hand with the existing technical  
know鶴ow．Nowthe question fbr ES to hold  

goodiswhetherthes占toftasksexecutedatany  

glVenPOlntOftimeallowsfu11andcontinuous  
utilizationofal1factorsofproductionoTnOt．The  
answerlargely depends on howthe tasks are  
auangedintheproductionprocess．Inourfu11  
PaPer We have considered an example of a  

PrOductionprocessforthemanufacttweofdoor－  
and→〝indowframes to eⅢ甲iricany showina  

DEÅ打ameWOrkhowscqpeeffbctsoccurdueto  
indivisibilities anslngfromunequalcasklength  
associatedwithvariousstagesofproduction．  

C（γい0）＋C（0，乃トC（γ．，γ2）  
DESノニ   

C（γ‖γ2）   

DE即＞Oimpliesthatthe nrmj exhibits  
economies of scope，DEり ＜ Oimplies  

disecomomies ofscope，and DE即＝Oimplies  

thatcostfunctionc（yl，y2）isadditiveinnature・  

We assume here to dealwithn diversined  
丘ms，eaChusimgmlnPutStOPrOducesoutputs・  

For each 氏rm‘〆（0 ＝1，2，…，〝）we denote  

respectivelytheinpuVoutputvectorsbyxo∈RJ”  

andy。∈RS．GiventheunitlnPutpnCeVeCtOrC。  

∈RT”（＞0）fbrtheinputx。Of丘m‘0’，thecost  

efnciency（CE）isdennedas  
〝I 〝I  

γ○＝C。亮鶴J。＝∑c′．ズご／∑cゎズり  
f耳1  わ1   

0． Wherex。1SanOPtimalsolutionofthefbllowlng  

linearprogramingproblem（LP）：  
〝l  

【Cost】C（γ。；C。）＝m血∑c由∫‘  
J亡1   

JI  

s叫¢CttO∑ズぴん≦ズ′Ⅳf）  

ノ舅l   

Jl  

∑γィ八・≧γmⅣr）  
ノ；t  

主人′＝1  

ノ可  

ん≧0（Ⅵ）・   

Nowweneedtocomparetheminimalcost  
Ofthese n divepTyied nrmsalong withtheir  
Observed outputswitha丘・Ontier consisting of  

additive且rmssatisfyingthecondition：DES＝0・  

These additive nrmS are hypothetical ones，  
Which areallcreated血●Om PeCia／i＝ed鮎ms・  

Assumingtherearen）伽msproducingoutputy］  

aloneandn2知msproducingoutputy2alone．Al1  

POSSiblepemutationsoftheoutputsandcostsof  
thesetwosetsofspecialized丘rmsareaddedpair  

10ntheevolutionoftheconceptofscaleandits  
estimationprocedures，See，amOngOthers，Sihooetal・  
（1999）andToneandSahoo（2003a，b）．  

－50－   
© 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.



wise toform the set ofhypotheticaladditive  
負rms．Let the number of additive nrms be k  

Whose output and cost of these nrms  
associated with superscnpt‘＋’．Soin orderto  

Calculateeconomiesofscopeforthedivers浦ed  

負rm‘0’，WeneedtosoIvethefo1lowingLP：  
lll  

【Cosしm】C十（γ。；り＝min∑cf。∫一  
JEl   

l  

S叫ectto∑∫；Aノ≦ズ∫（∀f）  

ノ÷t  

I        ∑γ；Aノ≧γm（∀r）  

ノーl  

∑Aノ＝1  

ノ■I  

Aノ≧0（り）・  

Herec十（y。；C。）repreSentStheminimumcostof  

PrOduction ofoutput vectory。inthe additive  

teclm0logysetwheninputpncevectorfacedby  
nrm‘0’isc。．DES。isde負nedas：  

DE篭＝－1・   

Tone（2002）observedseveralshortcomings  

in the above cost emciency evaluation model，  
andsuggestedanewmodeltode伽eCEas  

■●－●－  
γ ＝eC。／ec。，  

■■●  

WherecoisanoptlmalsolutionoftheLPbelow：  

〝I     PCost］e；■＝min∑e．；L  
fl】   

〃     s叫ectto∑；ヴュノ≦；‘押リ  

ノーt   

M         ∑γヴAノ≧γm作り  

ノーl  

土人ノ＝1  

ノーI  

Aノ≧0（り）・  

Letusdenoteecj bycj，1・e．，  

＝mJ〝  
cノ＝∑；ダ＝∑ズ少C少・（ノ＝1，…，ゆ  

i壬Ii＝l  

Cjisthetotalinputcostof負rmjfbrproducing  

theoutputvectoryi・Usingthisnotation，Wehave  

anewschemeasexpressedbythefo1lowlngLP：  
p●  

［NCost－1】c ＝minl．c  

〝ゥ  
s叫ectto ∑cノAノーl．；≦0  

ノ王Ⅰ   

II  

∑γヴん≧γm付り  
ノ了】  

∑人ノ＝1  

ノェI  

Aノ≧0（り）・   

Wecanalsoexpress［Ncost－1】inasimple  

lnPutOrientedBCCmodelasfo1lows：  

PCost－1E］e’＝min C  

〝＝   s叫ectto ∑cノAノ≦β言。  
ノ＝l   

ll  

∑γヴュノ≧γ相伴り  
ノニl  

∑Aノ＝1  
ノニ1  

Aノ≧0（り）・   

Analogoustotheprocedurediscussedabove，  
tocomputeDESfordiversinednrm‘0’，Weneed  

tosoIvethefbllowingLP：  
【NCosトIE】♂◆●＝minβ＋  

l－◆  

su匝tto ∑c｛≦β・言ニ  
ノー1  

I  

∑γ；Aノ≧γ佃付り  
ノーl  

±Aノ＝1  

ノーI  

Aノ≧0（り）・   

Thedegreeofeconomiesofscope（DES。）is  

de且nedasO＋●minusone，l．e．，  

DES。＝β＋●－1・   

4．Concludingretnark  
We have discusseduse ofanew DEA modelto  

estimate a new cost frontier exhibiting scope 
economiesarising丘omprocessindivisibilities．   
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