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Abstract: The present study is an attempt toward improving the perdioaa of members of supply chain. Improvement of two-stage
supply chains is three cases. Inefficients suppliers areowveg or inefficient manufactures are improved or both ofrtlaee improved.
First, New sub-perfect supply chain production possip#itt is obtained with efficiency score affor inefficient suppliers and only
all DEA inefficient suppliers are improved. It is proved tlzt the efficiency score of all points on the main frontier sigepl to
be 1, the efficiency score on the new frontiemisSecond the procedure is applied for those supply chainshadrie inefficient in
manufacture performance and only all DEA inefficient maotufeers are improved and the last one, it is used to improgestipply
chains which are inefficient in supplier and manufacturdquerances at the same time. In the last two ones it is showirtlieee
are improvements in inefficient manufactures or in both efhat the same time but the improved efficiency is not able poaage
exactly. Overall performance score has an improvement taaks and the supply chain management can choose therbesgiss to
maximize overall efficiency score. This paper develops @iaces which are referred to each case for performing atsgétysanalysis
of the inefficient supply chains in constant returns to s(@RS). The real case is applied to accept this approach.
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1 Introduction to evaluate the supply chain performance in several works
such as, 4-8] and so on. The traditional DEA models
A supply chain is the combination of equipment, can't be applied directly to the supply chain case because
suppliers, manufactures, distributors, retailers ancott  classical DEA treats each DMU, supply chain, as a black
of controlling inventory, purchasing and distributionath  hox and for example in a supplier-manufacture chain
it tends to improve the way your company finds raw considers only the initial inputs from suppliers and final
materials it needs to produce a product or service and t@utputs at the very end of downstream members in the
deliver it to customers, for example, China Constructionperformance evaluation. For the complex nature of supply
Bank[1,2] chain, those intermediate products or linking activities a
Supply chain effective management has been widelyignored. Then, several authors have attempted to account
accepted as an important means for supplier orthese links and consider supply chain as a network DEA
manufacturer or distributor, to obtain the best andpy multi-stage 9]. The network DEA model
high-quality products and services by the least cost angyroposed {0] has a multi-stage structure as an extension
the most profit. The evaluation of the performance andof the two stage supply chainl]] and DEA model
improvement are a great importance and necessity foproposed in 12]. In recent years, one of the most
recognizing in supply chain management (SCM). Inimportant issues in DEA is the sensitivity analysis of
supply chain management (SCM), although decreasingfficient DMUs. In 1985, sensitivity analysis of CCR
the cost and increasing profit is very important, but alsomodel for a specific efficient DMU with a single output
partnerships with together is a significant factor for was initiated by Charnes et all3]. In 1990 Charnes and
enhancing competitiveness. Among many evaluationNeralic considered additive model and they obtained
methods, data envelopment analysis (DEA) is one of thesyfficient conditions for remaining efficient4]. Then in
best ways for assessing the relative efficiency a group 01992, Charnes et al. obtained a specific stability region by
homogenous decision making units (DMUs) that useysingl, andL. [15]. These researchers have studied the

multiple inputs to produce multiple outputs, originated methods which simultaneous proportional change is
from the work by Charnes et &3], DEA has been applied
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assumed in inputs and outputs for a specific efficient X Supplier 12| Manufacturer | ¥
DMU under evaluations. Then Zhu (1996) provides a
modified DEA model to compute a stability region which Fig. 1: A supplier-manufacturer chain

DMU under evaluation remains efficieritd].

In 1998 Seiford and Zhu developed a procedure to
determine an input stability region (ISR) and an output
stability region (OSR) for efficient DMU 17]. They  of all points on the main frontier supposed to be 1, the
stated that an efficient DMU will remain efficient after the efficiency score on the new frontier . By different
input increases or output decreases if and only if suchyays such as decreasing inputs, increasing outputs or
changes occur with in the ISR or OSR [17], and this compination strategies, DEA inefficient suppliers with
subject are considering in recent years. Jahanshahloo @fficiency scores 0B, can obtain efficiency score af
al. [18 extended the largest stability region for BCC gng also the decision maker can choose the best
model and  Additve model by  supporting jmprovement strategies to maximize the overall
hyperplanes 19| for DMU under evaluation which all  performance score. Next the model is applied for those
inputs and outputs of DMUs except DMU under gypply chains which are DEA inefficient in manufacture
evaluation are assumed fixed. In some works sensitivityyerformance and only all DEA inefficient manufacturers
analysis is based on the super efficiency DEA approach iy e improved .The last one , it is used to improve the
which the efficient DMU under evaluation is not included gypply chains which are inefficient in supplier and
in the reference se@, 21, 23]. Sensitivity analysis of an  manufacture performance at the same time.In these cases
inefficient DMU is studied less than sensitivity of an \we show that there are improvements in inefficient
efficient DMU.In 1992, Charnes, Haag et al. obtained anmanufactures or in both of them at the same time but the
improvement for inefficient DMU by using Chebychev jmproved efficiency is not able to appraise exactly and we
norm [15]. The model dealt with improvements in both naye improvementin overall performance score too. What
inputs and outputs that could occur for an inefficient e do is that the inefficient supply chains are appraised
DMU before its statues would change to efficient. ~ respected to a new frontier with efficiency score which is

In the recent years sensitivity analysis of inefficient 5 fixed number (and defined by the manager). The
units has been more studied. In 2011 Jahanshahloo et &lecision maker gives a chance or fortune to them until
supposed that DMU under evaluation is inefficient by thethey can have an improvement and finally the overall
efficiency score ob; and6; < a <1whichaisafixed efficiency score of supply chain is improved and the
constant and defined by the manager .They obtained thgyerall performance of supply chain is progressed and it
new frontierT, with efficiency score ofx . They proved s contented the decision maker.
that as the efficiency score of all points on the main This paper proceeds as follows. The next section

;ront@er _suppgsed to be 1, the efficiency score on the newe, aqents some basic DEA models. Section 3 develops a
rontierisa [20]. proposed method for improving the overall performance

But sensitivity analysis of supply chain is still in o jnefficient supply chains. Section 4 is a real world
absence. Improvement in supply chain performance i pplication and the proposed method is applied to

one of the most important mentioned advantages Ol g ate the performance of banking chains in a big

progress supply chain. . : . . .
In 2011, Yang et al.11] defined two types of supply i(rjlhslzcéﬁgncgmmermal bank. Finally conclusions are given

chain production possibility sets ,which are proved to be

equivalent to each other and based upon the production

possibility set, a supply chain CRS DEA model is

advanced to appraise the overall technical efficiency ofy Background
supply chain and they obtained the benchmarking units

for inefficient supply chains.

Inefficiency of two-stage supply chains is in three Suppose there are N two-stage supplier-manufacturer
cases. Supplier is inefficient or manufacture is inefficientchains as shown in Fig. 1. where S and M represent
or both of them are inefficient. This paper developssupplier and manufacturer, respectively. The variable X is
procedures for performing a sensitivity analysis of thethe input vector of the supplier (S) and the variable Z is
inefficient supply chains in three cases. We consider twothe output vector of the supplier and is also an input of
stage supply chain which includes supplier andmanufacturer (M). The variable Y is the manufacturer’s
manufacture and the supply chain is under the control of aoutput vector.Any supplier consumes P inputs to generate
unique decision maker. By using]] and the proposed K intermediate products, and the manufacturer consumes
method, new sub-perfect supply chain productionthose intermediate products to produce Q outputs.
possibility set is obtained with efficiency score affor Specially for the ji" SC, the inputs and outputs for the
inefficient suppliers and in this case it has been focusegupplier areXpj(p=1,2,...,P) andZk=1,2,...,K),
mainly around that only DEA inefficient suppliers have and they areZy;(k = 1,2,...,K) andYqj(q= 1,2,...,Q)
an improvement. It is proved that as the efficiency scorefor manufacturer, respectively.
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Definition 1(Perfect supply chain CRS production
possibility set [11]).

(Xpan)|21 1)‘SXPJ <Xp, Pp=12,..,P

ZE {vuzk’ >z, k=1,2..K
Tscp= i < Z, k=1,2,...K
Zg {\\/]J yQJzbe q:1727"'aQ

>0, j=12..,N

J’J

1)

Definition 2(Sub-perfect supply chain CRS production
possibility set [11]).

(Xp;Yq) | zn'\lzlf\jxpjeéj <Xp, p=12..P

SN Az >z, k=12,..K
Tsc_sp= Y 71)‘Jzkj <z, k=12..,K
ZJ 1/,\\/11 Yai/6mj = Yo, A= 12 - Q
>0,  j=1,2..N

J’J

(2)
Theorem 1Tsc_p = Tsc_sp
ProofSee [L]]

ConsiderDMU; , ( j =1,..,n ), where eachDMU

In the recent years data analysis of inefficient units has
been more studied. In 2011 Jahanshahloo et al. supposed
that DMU under evaluation is inefficient by the efficiency
score off; and6; < a < 1 whicha is a fixed constant
and defined by the manager .They obtained the new
frontier T, with efficiency score ofx . They proved that

as the efficiency score of all points on the main frontier
supposed to be 1, the efficiency score on the new frontier
is o .Then by using different ways such as decreasing
inputs, increasing outputs or combination strategies,
DMU, with efficiency score ofg; can obtain efficiency
score of a and has an improvement foor — 65 in
efficiency.[20]

Theorem 2The efficiency score of each point dfi& T, is
a.

ProofSee [20]

Attention 1. There is one- to- one correspondence
betweerE andE’ .

ProofSee [20]

Attention 2. There is one-to-one correspondence between
Ty andT, frontier points.

consumes m inputs to produce s outputs. Suppose that the

observed input and output vectors ddMU; are
Xj = (X1j,---,Xmj) andY¥j = (y1j,...,Ysj) respectively, and
let X; > 0 andX; # 0 andYj > 0 andY; # 0.

The production possibility st andT, are defined as
follows:

.

n
v = {(X,Y>X> 2 A XY < z)\ij, XAJ' =1A;>0,j l,...m}
=1 j=1 =1

AiYj,Aj>0,j=1,.., }

mMs

l

Let the set of extreme efficient DMUs i, be E. By
determining the set of E, the set & is defined as
follows [20]:

1 .
e = {04109 = (5% ) T <€}

And the new production possibility s&f :

T ={(XY)X>LISAX,Y<SAY),SA=11>0jcE
v { ajZE 17N jZE 11 ng ] ]

To find extreme efficient DMU in BCC model, Anderson

and Petersen (AP) model is solved for each DMU [24]:

AP : min 6,
n
St. zj:l
j#0
Enjzl)\j)’rj 2 Yro,
j#0
21_1)\ =1

j#o0
Ai>0, j=1,..

/\jxij S 60)(i07 I = 1727"'7m

r=1212,....s
3)

N, j#0

ProofSee [20]

Theorem 3The efficiency score of each point on the T
frontierisa in Ty.

ProofSee [20]

3 Proposed method

Suppose there are N two-stage supplier-manufacturer
chains as shown in Fig. 1. where stage S represents the
supplier and the stage M represents a manufacturer,
respectively.Any supplier consumes P inputs to generate
K intermediate products, and the manufacturer consumes
those intermediate products to produce Q outputs. The
inputs and outputs for the j" supplier are
Xpj(p=1,2,...,P) andZ(k=1,2,...,K), and they are
Zj(k = 1,2,....K) and Ygj(q = 1,2,...,Q) for the j "
manufacturer, respectively.

Consider N same supply chains called Decision
Making Units (DMUs) in DEA literatures, denoted by
DMU1,DMUsy, ..., DMUy in the context. In most practical
situations of supply chain management, the chain
operated under the fulfilment of demand from
consumers.The performance of a supply chain (SC) is
attributed to two main factors: the performances of all SC
members, and the co-operation of its members. It means
that the performance of each supply chain’'s member is
very important and it is influenced on the overall supply
chain efficiency. The influence of supply chain thought on
organizational strategy has also significant reflecting. As
independent decision makers, each supply chain members
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maximized its own technical efficiency, thus eliminates be rewritten as the following programming:
that of other members and even of the overall chain.

Suppose that the evaluated supply chain is DEA 84 = min 8

inefficient with the technical efficiency st.SNAXF< B
8; < 1(0=1,2,..,N) . The supply chain is under the L2 = Xa

. . . . z'=1)‘JY' > Yy
control of a unique decision maker.The goal is to improve 2 = i}
the inefficient supply chain to achieve some desired level Zj:lﬁxj 65 < X ©6)
of performance which is defined by the supply chain z?‘zl)\ij > 7
management. This overall inefficiency of supply chain N AZj <Zt
happens when supplier or manufacturer is inefficient or N AV b J>Y*

Yim1AiYidm; =Y

both of them are inefficient at the same time.Therefore
these inefficiencies are considered in three cases. The
proposed method is employed to improve just inefficient
member of supply chain and it is deemed the overallWe know that the Production Possibility Set of supplier is
chain and also the other members of SCs.The inefficienas follows:

supply chains are appraised respected to a new frontier

with efficiency score which is a fixed number (and N N

defined by the manager). The decision maker gives dlcs= {(X,Z)I > APXj < X, > APZj>Z, A7 >0, Vj}
chance or fortune to them until they can have an =1 =1

improvement.In case 1 the exact value of efficiency is

obtained and overall performance of supply chain is(AP) model is employed to find all extreme efficient
improved too. In case 2 and 3 it is shown that there aresuppliers. Let the set of extreme efficient supplier3dg
improvements in manufacturer and both of them at thebe Ecs . Having determinedEcs , Elg is defined as
same time and overall performance score of supply chairollows:

has an improvment too but the exact score or value is not

appraisable. , ., - 1 .

Casel Suppose that the evaluated supply chain is DEA Ecs= {(Xja Z) (X, Zj) = (Exj, Zj) J € Ecs}-
inefficient. In the first case, it has been focused mainly

around that only DEA inefficient suppliers have an ) o ) )
improvement. They are evaluated by Constant Returns tJ "€ Neéw production possibility set for supplieTgs is
Scale (CRS) assumption. The new sub-perfect frontiefntroduced by:

with efficiency scorea ( a is a fixed constant which is
defined by the supply chain manager) is obtained and the_, Lo , , .

DEA inefficient suppliers are evaluated by the new TCS{(XZ);J.E SAJSX"SX7 2 SAJ'SZ">Z’AJS>O’VJ€ECS}
frontier. Denote the production possibility set for all

supply chains by [11]:

Aj,Aj>0, j=1,..,N

Supposed that supplychainis inefficient and it is
inefficient in supplieg by the efficiency score o8, and

N N* Y.
(Y ZJ=1)‘JesiXJ <X, oy < a <1 whicha is a fixed constant and defined by

Sz > Z, the manager. The new fronti&t with efficiency score of
Tscsp= YA <Z (4)  ais obtained. We know that as the efficiency score of all

Yiz1Aidm;Yi =Y points on the main frontier supposed to be 1, the

Aj>0, j=12,..,N efficiency score on the new frontierés The CCR model

of the d (d = 1,2, ...,N) supplier (the supplier in thefl
By the above Production Possibility Set (PR&g)thedth  SC) inT¢gis computed by the following model:
supply chain’s DEA efficiency score obtained by the

following LP problem: 6y = min 65
st YN A <OBX , p=1,2,...,P
64 = min 6 zh—lA‘ PIs kp_ . 7
N AXr<@ E'ézl jszfq > 4 = L4
21X < 9%, 25>0, j=12..N
zj'zl)\ij* > Ya, (5) )
(Xj,Y]") € Tsc-sp . o . .
Aj>0, j=12...N For improving inefficient supply chains and to find the

new supply chain frontier, first of all the extreme points
ofTsc_spshould be found. These points are called the
seEsc_sp. They are sub set of extreme pointsTek. In

the sequel, the s&S. gpis found and defines as follows:

(X*,Z2*,Y*) are points that located at the frontier
constructed by the sub-perfect supply chain CRS
Production Possibility Set. Als&sc_sp is considered as c R

all extreme efficient supply chains. The above model carFsc sp = {(X{".Z].Y]")] (Xf‘ Zy 7Yj*) =

(@© 2015 NSP
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(GSJ*J-XJ-’,ZJ-,M,,J-YJ)}. ThenT¢. gpis as follows: ProofLet M’ with coordinate (Xy.Z5.Yy) be an
arbitrary extreme efficient point iBg;_gp. By definition,
XY i g AjXi 85 <X, we have(Xy, Zy, Yy) € Esc-sp- o
jePse sp At the first step, we are going to proi# is efficientin
I:Z AzZi>Z, Téc_sp By contradiction, leM’ not be efficient inlg._gp.
jeEsc sp , According to the assumption:
Tio sp= AZi<Z, 8
SC-spP ]. EgHP / (8) Xj*/ 1 x:
jelizxfsp ]_J : YJ :YJ
Aj>0, jeEscsp
and we have:
Where8, and ¢y, are the CCR efficiency score of the min Gy
. s Mj . . . St i )\'X-*/<6 ’XM'_ 6, /(lX )
supplier and manufacturer in thg" supply chain L3 jeBl oo/ i ="M = M g
respectively. ikl MY = Y =Y,
Then by using [11] sub-perfect supply chain CCR (X-*',Y-*') €Tl op
production possibility set is obtained and modeled as A 7
Aj=0, jeEsc sp
follows:
6. — min 6 Suppose that the optimal solution of above mentioned
d = " , problem is(A*, 6,) . By contradiction suppos8;, < 1
st. ZJEE’SGSP/\J'XJ/ < 0Xy . So we get
ikl Y] =Yg 9) ,
Aj>0, j€eEgc gp ZJ-EE/scfsP)\J' X , < B X
(X[ Y7") € Tee sp ZjEI,E/SGS/P/\j*Yj* > Yur = Ym,
. . (X.Y)) € Tée sp
The above model can be rewritten as the following # ; 7
- Af 20, j€Esc sp
programming:
, By multiplying the first constraint tor , we get
Gd/ =min 6
st. szE,SC—SP)\jXJT < 6x;, ZJEE/SC—SP)\J'*(G,XJ.* ) < 6 (aXwr)
zJ’EE'scfsPﬁyT = Yo , EieE’scfsP)\J*Yj* > Y =Y,
N/ 0% * !\
2 jeEls 5p A% 05 S/Xd/v (10) ()ij i) € Tés:fsp
YjeEL. AL = Zy, A 20, j€Escsp
ZJEE/scfspﬁZi S* Zy, y According to definitiorEsc_spandEgs gp:
2 jcEge spMiYiPMj = Yo < g
/\Jv/\l > Oa J € E/SC75P EjEES(}SP)\j*Xj* = GM/XM
zjeESC—SP)\j Yj > Yu,
By this procedure, new sub-perfect supply chain (XY} € Tso sp
production possibility set frontier which is calléd. ¢p Aj >0, j€Escsp

is obtained for inefficient supply chains which are

inefficient in suppliers and only DEA inefficient suppliers The last one has a feasible soluti@h", Oy < 1) for the
have an improvement. It is proved that as the efficiencycorresponding problem ofM € Escsp that is
score of all points on the main frontier supposed to be 1,contradiction withM € Esc_sp .

the efficiency score on the new frontierds. By different SoM'’ is efficient inTs qp . At the sequel it is going
ways such as decreasing inputs, increasing outputs do prove thatM’ is an extreme unit inT- gp . In
combination strategies, DEA inefficient suppliers with contradiction, suppose tha¥l’ to be a non-extreme
efficiency scores of6Z, can reach to the new frontier efficient unit inT{. p . Let the set of extreme points in
Téc sp and also the decision maker can choose the bests. gpbe:

improvement strategies to maximize the overall

performance score .Now by following theorems and {(Xf',Zf,Yl*') ..... (xt*”Zt*’,Yt*’)}.
lemma, Itis shown that every point dd_op frontier has
an efficiency scorer. It has:
Lemma 1M’ € Eg. gp if and only if M is an extreme . t N _
efficient unitin Zq gp (G- Zi Vi) = 3. A (X'.Z YY), S A=1 A0 =1t
1= =1
(© 2015 NSP
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or

1 * * * ! 1 % =%k ¥k
(zia) = 30 (542

t
Z)\j =1 A>0 j=1..t
=

It is represented M with coordinatéXy;,Zy,Yy) as a
convex combination of extreme efficient pointsTigs_sp

Then:
1

(X Za Yo ) = ( A (X)), AiZj, AYP),
j€gsosp a i€|gosp i€|gosp

tz Aj=1,1;>0, j € Escsp
j€Esc sp

(X Zayrs Yoy ) = ( z Aj(Xj* ), Z /\jZ’-‘ , Z /\ij*)
j€Esc sp j€Esc p j€Esc sp
Aj=1A; >0, j€Escsp
j€Esc sp

Then (X3y.Zy.Yay) is represented as a convex
combination of extreme efficient points . gp. Itis in
contradiction with our assumption. So the prove is
completed and X}y, Zyy . Yay ) € Esc_sp -

Theorem 4There is a one-to-one correspondence
between dc_sp, T{:_gp frontier points.

ProofLet M’ with coordinate (X%, Z,Y,) be an
arbitrary point on theT4. op frontier. Each point on the
Téc_sp frontier is extreme efficient or a non-extreme
efficient point.As we know the set of extreme efficient
supply chains iffsc_sp is Esc_sp and the set of extreme
efficient supply chains iids_gpis Egc_gp-

1.if M" with coordinate(X};/,Zy,, Yy ) be an arbitrary
extreme efficient point onTg. ¢p By lemma. 1
M’ € Eg_gp - There is a one- to-one correspondence
betweerEsc spandES; op . Because the s&f. ¢p
is generated fronksc_sp . So there is a one- to-one
correspondence between extreme pointsTes sp
andTd: op-

2.if M’ be an arbitrary non- extreme efficient point on the
Téc_gp frontier, it is shown that there is a one-to-one
correspondence between non-extreme efficient points
on theTsc_spandT{. gp.There are t extreme efficient
points onT- gp SO that:

t
* * %\ . P RV
and this is in contradiction with the assumption. Hence, (X > 2o, Yoar) = JZl“J (Xj Z0Y ) )

M’ € Egc gp is an extreme efficient unit infds gp.
Conversely ifM’ with coordinates(X};,,Zy,, Yy ) be an
arbitrary extreme efficient point il gp, it is claimed
that (aXy.Zy.Yy) is an extreme efficient point in
Tsc-sp. By contradiction, let(aXy,,Z5,,Yy;) not be in

Esc_sp. Sowe have:

(C{X&HZ,’\FAHY@) = . I:Z A] (XJ*7ZT7YJ*)7
JEEsC-sP

; Aj=12;>0, j € Esc sp.
j€Escsp

(aXy, Zin Yo ) = ( g AXH, pYvid g AYD),
jeEsc sp jeEsc sp jeEsc sp

g Aj=1,A;>0, j€Esc_sp.
j€Esc sp

—

—
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We prove that M to be on th&sc_gsp frontier. Assume
contradiction that M is not on frontier .it is evaluated
by the following model:

min By

SU 3 jebe spAiXE < BuXi
EiGEscfsP)‘J'Yj* =Y
(X5,Y]") € Tsc-sp

j Y <
Aj>0, jeEBscsp

(11)

Assume thatA*, 6;) is the optimal solution for the
previous problem. Respecting to contradiction
assumption, it can be obviously seen tifgt < 1 .
Then, the first constraint is multiplied @ , SO:

S AX < 6w
j€Bsc sp
ALY > Y = Yu
J€Esc sp
(X7,Y;") € Tsc sp
Aj =20, jeBEscsp

The above model has a feasible solutjan, 67 < 1)
for M" € T4 gp and this is in contradiction with’
that is a non-extreme efficient unit on th&. gp
frontier and it is completed our proof.

Theorem 5The efficiency score of each point on the
Téc gpfrontierisa in Tsc_sp.

ProofLet M’ with coordinate (X\7,Z{,Y,s) be an
arbitrary point on thelg. gp frontier. Each point on the
Tc gp frontier is extreme efficient or a non-extreme
efficient point. The following model is employed to
evaluate the poir¥!’ in Tsc_sp:

min By
s.t. EJIGESCfSP)\jXJ—* < GM/(%XM)
zjeESHP)\ij* >Y, =Yu (12)
(X[".Y)) E.TSC75P
Aj>0, jeEscsp
The model has a feasible solution

(GM' = aa)\M = 17)\J = Oa (J S ESC*SP;J. 7£ M))
Hence the optima, denoted bygy;, , is not greater

thana . It will be represented6y,, # a). In contradiction,

assume tha(@,\’;,, < a).ThereforeG,\’;,, = a — ¢ for some
€ > 0. By applying Model 12):

* * * 1 a—¢&
)\JXJ S eM/XM/ = QM/ (—XM> - <—> XM
. a a
JEEsc-sp
8 *
= (1-5)%
)\J'Yj* >Yw =YW
iegcfsp
(Xi',Yj) €Tsc-sp A} >0, jE€Escsp

A feasible solution for this model is:
<9M =(1- 2) <1, A=1A;=0, (jeEsc—spj# M))

It means thatDMUy is inefficient and this is in
contradiction with the assumption. Hen6g, = a and it
is completed the proof.

Case 2 Suppose that the evaluated supply chain is DEA
inefficient. In the second case, it has been focused mainly
around that only inefficient manufacturers have an
improvement. In this case we cannot use the sub-perfect
CRS DEA model. Because the sub-perfect CRS DEA
model deem the input changes of manufacturers or
effective of intermediate units.It means that the
sub-perfect CRS DEA model evaluated the changes of the
overall input vector and overall output vector of supply
chain and it does not consider the changes of intermediate
unites. In this model we have one input vector for
manufacturer that it is output vector for supplier. But we
want to change just the input vector of manufacturer. So
we should have two input vectors for manufacturer that
one of them is the output vector for supplier and the other
is new input vector that is injected to manufacturer and
they are called; andZ, respectively. The case is shown

in Figure2.

Zl
2 )]

Fig. 2: There are two input vectors for manufacturer.

Supplier Manufacturer

On the other hand, we know supply chaiminefficient
and it is inefficient in manufactugeBy (1) the Production
Possibility Set (PPS) is obtained afiglc_spis gained by
the following LP problem.

min Buc—_sp

N
st. ASX;) < Buc-spXo
=1

=z

APZ4j > Zao

=1

> AN 2o < Zpo
=1

(13)

zZ

J_
N
Z)AJ-MY,- >Yo
J:

AP>0, AM>0, j=12...,N
(AP)model is employed to find all extreme efficient
supply chains [24]. Let the set of extreme efficient supply

chains in Tyc_sp be Euc_sp . Having determined
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Emc-sp, Eyc_gpis defined as follows:
Eiic o= { (X 20 Z5.Y) | (X, 223,
1 .
EZZjan ,J € Emc—sp

We introduce the new production possibility 3¢t _gp:

= (Xj,zlj,

XY S jeme_spA X <X,
ZJGEM(:fsP)‘jszlJ' >Z,
%ZJEEMC—SP)\JMZZJ <17,
EiGEMcfsP)‘jMYj >2Y,
AP, AM >0, | €Evc-sp

U
TMcfsP:

By the above new Production Possibility S8f,- sp is
obtained by the following LP problem:

min Oyc_sp

s.t.

This means that supplier and manufacture are DEA
inefficient and we want to improve them at the same time.
They are evaluated with new frontier efficiency which is
satisfied the decision maker and because they are
appraised to a new frontier with efficiency score of less
than one they absolutely have an improvement too. It is
not obtained the exact value of improvement but the
overall efficiency is improved.When the improvement is
compared with case 1 and 2 it is truism to say that an
improvement is the bestw is obtained by solving
following model:

W = min Bsyc_sp
T 1L1APX < Bsmc-spXo,
z'=1/\'Sle > ZlOa
EH'\‘:M' Z2j < Z2o,
> 1A = Yo,
AP AN >o,

(15)

i=12,...N

(AP) model is employed to find all extreme efficient
supply chains [24]. Let the set of extreme efficient supply
chain in Tsmc_sp be Esmc-sp. Having determined

N
> APXi < Bc_spXo
=1

N
> A7y > 2o
=1

Esmc-sp, Esyc_gpis defined as follows:

Ebwo sp— { (X, 24,25, Y1) | (XL, Z4y. 24, Y))

S My o1 - 1 1
A" Zpj < =Zpo ==X, Z1i,=22.,Y; ) ,j€E
%1 ! B q AL £2in »] € Esmc-sp
Z )\J.MYJ- >Yo We introduce the new production possibility 3&f;c_sp:
j=1

(leY/)|% ZJEESMC—SPAjSXj <X,
ZJEEsmcfsP)‘jszlj 2 le,
B ZJEESMC—SPAjMZZJ < Zév
ZJGESMC—SPAjMYj =Y,
AP, AM>o0, j€Esvc sp

A3>0, AM>0, j=1,...N
Like the case 1, there is the new frontier but the efficiency
score on it does not exactly determined. What we sure are
that the frontier is close to the main frontier and the
decision maker gives chance to those inefficient
manufactures to improve themselves. They are DEABy the above new Production Possibility S6ty,c sp iS
inefficient and they cannot obtain efficiency score 1 butoptained by the following LP problem:

they can gain the constant which is closer to 1 and defined
by the manager and satisfy him.They have absolutely an
improvement but the value of the improvement is not
exactly determined. What we do is that the inefficient
supply chains which are inefficient in manufacturers
performance are appraised respected to a new frontier
with efficiency score which is a fixed number (and
defined by the managei3G is DEA inefficient and it is
inefficient in manufacture performance. The new frontier
Tuc_sp is obtained and by choosing different strategies

/
Tsmc-sp=

min Osyc sp
A S ! 1
st. Y APXj < Osmc-spl; %o)
=

N
lzl)\jszlj > Z10
N (16)
> A2z < EZZC

=

(Input Oriented, Output Oriented, Combination Oriented ) % AMy: >y,
/ ; [ 0
, the SG can be moved toward th§)_gp frontier and =1
can be improved. In different ways the decision maker AS>0, AM>o0 i=1,...,N

can give chance to DEA inefficient supply chains to
appraise respected to the new frontier and it can has an
Improvement. o 4 Numerical example

Case 3 Suppose that the evaluated supply chain is DEA

inefficient. In this case, it has been focused mainly aroundn this section, proposed approach is applied to appraise
that both of them are DEA inefficient at the same time.the performance of 17 bank branches of China
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Table 1: Data of 17 bank branches (actual supply chains) Table 2: Subsystems efficiency & overall efficiency values
No. Bank FA  EM  EX CR IL Lo PR No. Bank Branch 95*1 9!\7] eiCCR 6"
Branch a6 @’ @) (10®) (10°) (10%) (10°)

AL Hefei . . . ! . . . ;

A2 Beghs 0%915 Oell 047 Solied 17eu 1oame oeeo AL Hefei 10000 10000 1.0000 1.0000
A3 Huainan 07237 0.645 0.6061 482831 3.4098 34.4120 0.771 A2 Bengbu 0.7705 0.7057 0.4510 0.4510
GO O GO SO M LZ &2 A3 huanan 06318 0738 05676 04320
A6  Tongling 06125 0.407 0.3407 23.1052 1.2413 32,5778 1B46 A4 Huaibei 0.6923 0.4264 0.4059 0.2911

A7 Wuhu 07911 0.708 04407 39.4590 1.1485 30.2331 0.6732
A8  Anging 12363 0.713 0.5547 37.4954 4.0825 20.6013  0.4864 A5 Maanshan 1.0000 0.7729 0.9090 0.7342

A9  Huangshan 04460 0.443 03419 20.9846 06897 8.6332 8®.12 A6 Tongling 0.4979 1.0000 0.9558 0.4979
AL  Sihou 07050 0575 0403 3olezs zosr 1aown sas AT Wuhu ~ 0.6550 1.0000 0.6858 0.5177
Al2  Ch ) ) ) ) } ) . ;

Als  Luan. 072 080 03705 s6a01 Lamts oot oz A8 Anding  0.5526 05953 0.3713 0.2947
Al4  Xuancheng 05538 0.442 0.3555 22.2093 0.9886 13.60853610. A9 Huangshan 0.4490 0.4759 0.2524 0.1741
Al5  Chi . . . ) ) : !

g Cum’ ome o oo e omm o tmxsim o A0 Fuyang 07205 0342 02146 02146
A7 Bozhou  0.3418 0256 0.1594 13.4364 04064 25326  0.0057 All Suzhou 0.6974 0.3725 0.2976 0.2578
Al2 Chuzhou 0.6150 0.5633 0.3442 0.3100
Al3 Luan 0.5238 0.2454 0.1373 0.1285

Al4  Xuancheng 0.4570 0.7794 0.3827 0.3363
Construction Bank in Anhui province, P.R. China. China A15  Chizhou  0.5054 0.4648 0.2561 0.1621
Construction Bank (CCB) is one of the largest A6 ~ Chaohu 04689 04192 0.2660 0.1963
state-owned commercial banks of China. There are 31 A17 ~ Bozhou ~ 0.6166 0.2368 0.1588 0.0827
provincial branches of CCB in mainland China, including
Anhui provincial branch. An- hui province consists of 17
cities: Hefei, Bengbu, Huainan, Huaibei, Maanshan,Table 3: Subsystems efficiency & overall efficiency values=
Tongling, Wuhu, Anging, Huangshan, Fuyang, Suzhou,0.8000)
Chuzhou, Luan, Xuancheng, Chizhou, Chaohu and

Bozhouas shown in Tablel.The data are from Annual No.  BankBranch 6 i 4
Report (2004) of China Construction Bank in Anhui Al Hefei 1.0000 1.0000 1.0000
Province [1]. A2 Bengbu 0.9730 0.7057 0.5600
In 2011, This example is used byYang et al. [11]. A3 Huainan 0.7940 0.7385 0.5400
In the first stage, some inputs such as Fixed Assets A4 Huaibei 0.8750 0.4264 0.3700
(FA), Employee (EM), Expenditure (EX) are consumed to A5 Maanshan ~ 1.0000 0.7729 0.7200
generate outputs such as Credit (CR) and Interbank Loan A6 Tongling ~ 0.6270 1.0000 0.6300
(IL). In the second stage, the Credit (CR) and Interbank AT Wuhu 0.8280  1.0000  0.6500

A8 Anging 0.6990 0.5953 0.3700

A9 Huangshan  0.5610 0.4759 0.2200
Al10 Fuyang 0.9011 0.3442 0.2700
All Suzhou 0.8812 0.3725 0.3200
Al2 Chuzhou 0.7713 0.5633 0.3900

Loan (IL) are used to generate two outputs: Loan (LO)
and Profit (PR). In this application, 17 branches of China
Construction Bank in Anhui Province are included in the
evaluation. Tablereports the CCR efficiency scores of the
two stages or subsystems [11].DMUs Al and A5 are

efficient in the first stage (subsystem) and DMUs Al, Al3 Luan 0.6614 ~0.2454 ~0.1600
ffici in th d h bl | Al4  Xuancheng 0.5715 0.7794 0.4200

AG6,A7 are efficient in the secon stage. The table 2. also Al5 Chizhou 0.6316 0.4648 0.2000

reports the overall CCR efficiency. Only DMU Al is Al6 Chaohu 0.5917 0.4192 0.2500

efficient. . o A17 Bozhou 0.7700 0.2368 0.1000

Case 1.Suppose that the supply chain is DEA inefficient

in first stage.lt means that it is inefficient in

suppliers.Assume = 0.800. By using AP model\; and

Asare extreme efficient ifls. Th Lo fin .

sare extreme efficient ifiis. The setE g is defined as Conclusion

Ets= {A1,As}. Then,A; is obtained as extreme point in
Tsc_sp- The first column of table 3 reports the new ) ]
efficiency for all suppliers. It shows we have Itisatruismto say that supply chains management needs
improvement for all suppliers. The third column of table 3 t0 innovate to survive. Unless they are prepared to change
reports overall efficiency and it can be compared with thewhat they offer (product/service) and the ways in which
last column of table 2. they create and deliver that offering. Improving quality,
Case 21n this case. asuunf@= 0.850 and DMUs, Al and speed, and other performance dimensions within a supply
A2, are extreme efficient in the second stage and we havé&hain is increasingly seen as a shared activity involving
an improvement in manufactures. Table 4 show results. the whole chain or network. Some times that innovating

Case 3 In this case asuume = 0.8000,3 = 0.85. Table ~ Process is expensive and it does not satisfy supply chain
5 shows results. management’s opinion or other enterprises. So if there

exists a way which improved the performance of
members of supply chain with lower cost or charge, it will
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