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epted 5 January 2011.|||||||||||||||||||||||||||||||-Abstra
tIn re
ent years, E�e
tive supply 
hain management have been widely a

epted as animportant means for manufa
turing or other organizations, to provide the best high-qualityprodu
ts and servi
es in at least 
ost. Therefore, we utilize the sla
ks-based measure(SBM) of eÆ
ien
y approa
h to solve the supply 
hain performan
e evaluation problem,and this property is known su
h as "dimension free" and "units invariant." In this paper weintrodu
e SBMmodel for supply 
hain performan
e evaluation by 
onsidering intermediateprodu
tion, where show input ex
esses, output shortfalls and eÆ
ien
y or ineÆ
ien
ysupply 
hain simultaneously. Finally, this approa
h is illustrated by a numeri
al exampleon Chinese 
ommer
ial banks, and 
ompared with SC-DEA-CRS model [9℄.Keywords : Data envelopment analysis (DEA); Supply 
hain management (SCM); Sla
ks-basedmeasure (SBM); Performan
e evaluation.||||||||||||||||||||||||||||||||{1 introdu
tionA supply 
hain, whi
h is a set of fa
ilities, supplies, 
ustomers, produ
ts and methods of 
ontrollinginventory, pur
hasing and distribution, links suppliers and 
ustomers, beginning with the produ
-tion of raw material by a supplier and ending with the 
onsumption of a produ
t by the 
ustomer,and Supply Chain Management (SCM) is related to the 
oordination of materials, produ
ts andinformation 
ows among suppliers, manufa
turers, distributors, retailers and 
ustomers [7℄. Thea

urate, reliable assessment of individual system 
omponents or of the overall supply 
hain sys-tem remain 
riti
al prerequisites to managerial de
ision-making, espe
ially in the fa
e of higher
ustomer expe
tations, shrinking pro�t margins and little brand loyalty [3℄. E�e
tive performan
eevaluation should improve managers' overall understanding of the pro
ess being evaluated (e.g.inputs/outputs), in
uen
e behaviors throughout the system, and provide useful information tosystem members. A supply 
hain is fully 
oordinated when all de
isions are aligned to approa
hglobal system obje
tives.Data envelopment analysis (DEA) provides another possibility to evaluate relative eÆ
ien
iesamong de
ision making units (DMUs). EÆ
ien
y is measured in a relative manner, meaning that�Corresponding author. Email address: masoudsanei49�yahoo.
om.35
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ien
y of DMUs is subje
t to analysis in relation to ea
h other. DEA is regarded as a powerfulnon-parametri
, linear programming te
hnique that enables the development of an output-to-inputratio system to handle multiple inputs and outputs and go beyond basi
 single ratio produ
tivitymeasurements. It 
onstru
ts an eÆ
ient frontier that represents the minimum resour
es ne
essaryfor a �rm to a
hieve at a given level of output, or the maximum output expansion at a given level ofinput resour
e. It has been adopted as a good way of measuring performan
e eÆ
ien
y in the supplyChain Management ([1, 2, 4, 5, 6℄). The major reason for absen
e of performan
e measurementtools for supply 
hains lies on the fa
t that most attentions are paid to the trade o� or 
ooperationamong supply 
hain members, rather than the te
hni
al eÆ
ien
y of the overall supply 
hain.Therefore in this paper, we will show approa
h for two-stage supply 
hain performan
e evaluationby using the sla
k based measure (SBM) proposed by Tone [8℄, where invariant to the units ofmeasure used for the di�erent inputs and outputs.The organization of this paper is organized as follows:Se
tion 2 as develop our approa
h for two-stage 
hain. Se
tion 3 presents a real world appli
ationwhere the proposd model is employed to performan
e evaluation of banking 
hains in Chinesebank. Finally, 
on
luding remarks are outlined in se
tion 4.2 SBM model in supply 
hainConsider a two-stage supply 
hain shown in Fig.1. Suppose we have N supply 
hains, where stageS represents the supplier and stage M represents the manufa
turer, and ea
h supply 
hain, SCj ,(j = 1; 2; : : : ; N) has P inputs to the supplier, Xpj , (p = 1; 2; : : : ; P ), and K outputs from thissupplier, Ikj , (k = 1; 2; : : : ;K). Theseafter theseK outputs be
ome the inputs to the manufa
turer,and are referred to as intermediate produ
ts. The outputs from the manufa
turer are denotedYqj , (q = 1; 2; : : : ; Q). For the 
onvenien
e of dis
ussion, all supply 
hains under resear
h are ofhomogeneity. That is to say, all supply 
hains 
onsume the same types of input bun
hes to produ
ethe same type of output bun
hes via the same produ
tion pro
ess. The SBM model of the dth,(d = 1; 2; : : : ; N) suppliers ( the supplier in the dth supply 
hain) is 
omputed by the followingmodel: (SBMsupplier) min �s =1� 1P PPp=1S�p =Xpd1 + 1K KPk=1S+k =Ikds:t: NXj=1 �sjXpj + S�p = Xpd p = 1; :::; P (2.1)NXj=1 �sjIkj � S+k = Ikd k = 1; :::;K�sj � 0; S�p � 0; S+k � 0; 8j; p; k:where S�p , (p = 1; : : : ; P ) and S+k , (k = 1; : : : ;K) denote the input ex
esses and output shortfallsve
tors, and �sj , (j = 1; : : : ; N) is nonnegative ve
tor. The SBM model of the dth manufa
turer is
omputed as follows:(SBMmanufa
turer) min �m =1� 1K KPk=1S�k =Ikd1 + 1Q QPq=1S+q =Yqds:t: NXj=1 �mj Ikj + S�k = Ikd k = 1; :::;K (2.2)
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hatghaye = IJIM Vol. 3, No. 1 (2011) 35-40 37NXj=1 �mj Yqj � S+q = Yqd q = 1; :::; Q�mj � 0; S�k � 0; S+q � 0; 8j; k; q:where S�k , (k = 1; : : : ;K) and S+q , (q = 1; : : : ; Q) denote the input ex
esses and output shortfallsve
tors and �mj is de�ned in (1). The overal eÆ
ien
y of the dth supply 
hain is 
omputed by thefollowing model:
(SBMsupply 
hain) min �d =1� 1P PPp=1S�p =Xpd � 1K KPk=1S��k =Ikd1 + 1Q QPq=1S+q =Yqd + 1K KPk=1S+�k =Ikds:t: NXj=1 �jXpj + S�p = Xpd p = 1; :::; P (2.3)NXj=1 �jIkj = Ikd k = 1; :::;KNXj=1 �jYqj � S+q = Yqd q = 1; :::; Q�j � 0; S�p � 0; S+q � 0; 8j; p; k:where S+�k and S��k are the optimal output-and input-sla
ks for (1) and (2), and also S�p , (p =1; : : : ; P ) and S+q , (q = 1; : : : ; Q) denote the input ex
esses and output shortfalls ve
tors for supply
ahin.

3 Appli
ationTable 1 exhibits data for 17 banks, that is a typi
al two-member supply 
hain pro
ess,(Yang etal. [9℄). There are three inputs to the �rst stage su
h as Fixed Assets(FA), Employee (EM),Expenditure(EX), are 
onsumed to generate outputs su
h as Credit(CR) and Interbank Loan(IL).In the se
ond stage, the Credit(CR) and Interbank loan(IL) are used to generate two outputs :Loan(LO) and Pro�t(PR).Table 1Data of 17 bank bran
hes
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h (U108) (103) (U108) (U108) (U108) (U108) (U108)SC1 Hefei 1.0168 1.221 1.2215 166.9755 8.3098 122.1954 3.7569SC2 Bengbu 0.5915 0.611 0.4758 50.1164 1.7634 19.4829 0.6600SC3 Huainan 0.7237 0.645 0.6061 48.2831 3.4098 34.4120 0.7713SC4 Huaibei 0.5150 0.486 0.3763 35.0704 2.3480 15.2804 0.3203SC5 Maanshan 0.4775 0.526 0.3848 49.9174 5.4613 34.9897 0.8430SC6 Tongling 0.6125 0.407 0.3407 23.1052 1.2413 32.5778 0.4616SC7 Wuhu 0.7911 0.708 0.4407 39.4590 1.1485 30.2331 0.6732SC8 Anqing 1.2363 0.713 0.5547 37.4954 4.0825 20.6013 0.4864SC9 Huangshan 0.4460 0.443 0.3419 20.9846 0.6897 8.6332 0.1288SC10 Fuyang 1.2481 0.638 0.4574 45.0508 1.7237 9.2354 0.3019SC11 Suzhou 0.7050 0.575 0.4036 38.1625 2.2492 12.0171 0.3138SC12 Chuzhou 0.6446 0.432 0.4012 30.1676 2.3354 13.8130 0.3772SC13 Luan 0.7239 0.510 0.3709 26.5391 1.3416 5.0961 0.1453SC14 Xuan
heng 0.5538 0.442 0.3555 22.2093 0.9886 13.6085 0.3614SC15 Chizhou 0.3363 0.322 0.2334 16.1235 0.4889 5.9803 0.0928SC16 Chaohu 0.6678 0.423 0.3471 22.1848 1.1767 9.2348 0.2002SC17 Bozhou 0.3418 0.256 0.1594 13.4364 0.4064 2.5326 0.0057SC : Supply ChainTable 2 reports the overall eÆ
ien
y s
ores of supply 
hains and eÆ
ien
y s
ores of the supplierand manufa
turer by using SBM model.Table 2SBM s
ores for Overall EÆ
ien
y and Subsystems EÆ
ien
yNO. Bank Bran
h ��s ��m ��d s��1 s��2 s��3 s+�1 s+�2SC1 Hefei 1.0000 1.0000 1.0000 0.00 0.00 0.00 0.00 0.00SC2 Bengbu 0.4034 0.4921 0.4042 0.00 0.00 0.00 0.00 0.00SC3 Huainan 0.5338 0.5453 0.2558 0.37 0.24 0.25 0.40 0.22SC4 Huaibei 0.5391 0.3323 0.1816 0.27 0.20 0.12 10.07 0.41SC5 Maanshan 1.0000 0.4668 0.7455 0.00 0.00 0.00 0.00 0.00SC6 Tongling 0.3253 1.0000 0.6587 0.00 0.00 0.00 0.00 0.00SC7 Wuhu 0.2458 1.0000 0.2901 0.00 0.00 0.00 0.00 0.00SC8 Anqing 0.4540 0.3637 0.1549 0.88 0.32 0.27 5.69 0.15SC9 Huangshan 0.2191 0.3943 0.0917 0.13 0.14 0.13 2.55 0.18SC10 Fuyang 0.3193 0.2438 0.1336 0.62 0.04 0.03 24.60 0.58SC11 Suzhou 0.4542 0.2767 0.1401 0.45 0.28 0.12 15.73 0.51SC12 Chuzhou 0.4871 0.3622 0.1623 0.41 0.17 0.18 7.83 0.22SC13 Luan 0.3056 0.1877 0.0597 0.56 0.31 0.18 14.31 0.45SC14 Xuan
heng 0.2689 0.6254 0.1029 0.37 0.24 0.18 0.00 0.07SC15 Chizhou 0.2197 0.3811 0.1068 0.04 0.05 0.06 5.16 0.17SC16 Chaohu 0.2967 0.3594 0.0904 0.53 0.26 0.18 6.96 0.29SC17 Bozhou 0.2280 0.0443 0.0351 0.08 0.02 0.01 7.74 0.23Table 3 reports the overall eÆ
ien
y s
ores of supply 
hains and subsystems, where is obtained byYang et al.[9℄.( Note that two approa
hes 
al
ulated under the CRS assumption.)Table 3Subsystems eÆ
ien
y and Overall EÆ
ien
y values, Yang et al.[9℄ Results
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h ��s ��m �CCRd ��dSC1 Hefei 1.0000 1.0000 1.0000 1.0000SC2 Bengbu 0.7705 0.7057 0.4510 0.4510SC3 Huainan 0.6318 0.7385 0.5676 0.4320SC4 Huaibei 0.6923 0.4264 0.4059 0.2911SC5 Maanshan 1.0000 0.7729 0.9090 0.7342SC6 Tongling 0.4979 1.0000 0.9558 0.4979SC7 Wuhu 0.6550 1.0000 0.6858 0.5177SC8 Anqing 0.5526 0.5953 0.3713 0.2947SC9 Huangshan 0.4490 0.4759 0.2524 0.1741SC10 Fuyang 0.7205 0.3442 0.2146 0.2146SC11 Suzhou 0.6974 0.3725 0.2976 0.2578SC12 Chuzhou 0.6150 0.5633 0.3442 0.3100SC13 Luan 0.5238 0.2454 0.1373 0.1285SC14 Xuan
heng 0.4570 0.7794 0.3827 0.3363SC15 Chizhou 0.5054 0.4648 0.2561 0.1621SC16 Chaohu 0.4689 0.4192 0.2660 0.1963SC17 Bozhou 0.6166 0.2368 0.1588 0.0827As expe
ted, the SBM eÆ
ien
y s
ore of overall supply 
hains and ea
h subsystem eÆ
ien
yis less than the SC-DEA-CRS model eÆ
ien
y s
ore from Yang et al. [9℄. Also our approa
h isno larger than the CCR eÆ
ien
y of the entire banking pro
ess (Column 5 in Table 3). If theoptimal solution sla
ks from (2.1), (2.2) and (2.3) for eÆ
ien
y of the dth supply 
hain is all ofthem equivalent 0, i.e., no input ex
ess and no output shortfall, then the supply 
haind is 
alledSBM-eÆ
ient(��d = 1), otherwise it is SBM-ineÆ
ient.4 
on
lusionsAfter pro
eeding with international management, enterprises have to fa
e the 
hallenge of SCMmainly be
ause of the rapid 
hange in the business environment and severe 
ompetition in marketand 
ustomers' diverse demand.Therefore In this paper, we utilizing SBM approa
h for eÆ
ien
yevaluation of supply 
hains and subsystem, and then 
ompare by Yang et al. [9℄ approa
h. Futureresear
h subje
ts in
lude: (a) Appli
ation to dynami
 situation that deals with eÆ
ien
y 
hangeover time. (b) Measurements of e
onomies of verti
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