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Abstract

Performance and the relative efficiency of the banking industry are
the important things in our environments. Data Envelopment Analysis,
is one of the best way for evaluating the relative efficiency of the decision
making units. Along the efficiency, the response of the different policies
and the future programming are important too, which is related to tar-
get setting and resource allocation. In this paper we applied centralized
resource allocation in DEA with imprecise data to the five Commercial
Banks in Malaysia.
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1 Introduction

The banking industry is one of the important things in our environments.
D.Wu et.al [1] mentioned that with the availability of new technology and the
Internet, more and more organizations are entering some aspect of the banking
business and this results in intense competition in the financial services mar-
kets. Major domestic banks continue to pursue all the opportunities available
to enhance their competitiveness. Consequently, performance analysis in the
banking industry has become part of their management practices. Top bank
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management wants to identify and eliminate the underlying causes of ineffi-
ciencies, thus helping their firms to gain competitive advantage, or, at least,
meet the challenges from others.

Five different approaches, namely, Data Envelopment Analysis (DEA), Free
Disposal Hull (FDH), Stochastic Frontier Approach (SFA), also called Econo-
metric Frontier Approach (EFA), Thick Frontier Approach (TFA) and Distri-
bution Free Approach (DFA), have been reported in the literature as methods
to evaluate bank efficiency, more details are considered in[1]. Compared to
other approaches, DEA is a better way to organize and analyze data since it
allows efficiency to change over time and requires no prior assumption on the
specification of the best practice frontier. Thus, DEA is a leading approach
for the performance analysis in banking industry in literature.

Data Envelopment Analysis , also can be used for the future programming
of organizations and the response of the different policies which is related to
target setting and resource allocation. Lozano and Villa [2], proposed two
phase model for centralized or intra organizational resource allocation that
has the two basic difference with conventional DEA model. First, instead of
solving an independent LP model projecting each DMU in turn, all DMUs are
simultaneously projected. Second, instead of reducing the inputs of any one
DMU, the aim is to reduce the total input consumption of the DMUs. Lozano
and Villa model assumed for exact data.

In this paper we improved Lozano and Villa model for interval data and
apply our model for evaluation and target setting to commercial banks in
Malaysia. The rest of the paper is organized as follows. Section 2 provides
the models and methodology utilized in this paper. Section 3 presents the
DEA results to the Commercial Banks in Malaysia. Finally, our conclusions
are given in Section4.

2 Models and Methodology

2.1 DEA

Data Envelopment Analysis (DEA) is Mathematical Programming for evalu-
ating the relative efficiency of Decision Making Units (DMUs). The first DEA
model (CCR model), introduced by Charnes et al. in 1978. Data Envelopment
Analysis, also can be used for the future programming of organizations and the
response of the different policies which is related to target setting and resource
allocation. Lozano and Villa [2], proposed two phase model for centralized or
intra organizational resource allocation that has the two basic difference with
conventional DEA model. First, instead of solving an independent LP model
projecting each DMU in turn, all DMUs are simultaneously projected. Second,
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instead of reducing the inputs of any one DMU, the aim is to reduce the total
input consumption of the DMUs. Lozano and Villa model assumed for exact
data. Lozano and Villa [2], mentioned that their proposed centralized model
usually projects the units onto several, different MPSS solutions and, above
all, it selects them automatically, and also, projects as many DMUs as feasible
onto technically efficient points operating at their Most Productive Scale Size
(MPSS) , and it may be convenient for the whole (i.e., for the centralized DM)
that an existing technically efficient DMU be projected onto a different point
on the efficient frontier.

2.2 Target Model

We improve Lozano and Villa model for imprecise data such as ordinal and
interval data. The models are based on the interval efficiency which relates to
both the lower and upper bound efficiencies .

Let j, r = 1, 2, ..., n, be indexes for DMUs; i = 1, 2; ..., m, be index for
inputs; k = 1, 2, ..., p, be index for outputs;xij , amount of input i con-
sumed by DMUj ; ykj, quantity of output k produced by DMUj . It is ob-
vious that θ should be radial contraction of total input vector; si, slack along
the input dimension i; tk, additional increase along the output dimension k;
(λ1r, λ2r,...,λnr) vector for projecting DMU r. Without loss of generality , we
assume that all the input and output data xij and ykr, y (i = 1, ..., m; k =
1, ..., p; j, r = 1, ..., n) can not be exactly obtained due to the existence of un-
certainty. They are only known to lie within the upper and lower bounds rep-
resented by the intervals [xL

ij , x
U
ij ] , [yL

kj, y
U
kj]and [yL

kr, y
U
kr], where xL

ij ≥ 0, yL
kj ≥ 0

and yL
kr ≥ 0.

The phase I model is:

Mode(l) Phase I/Radial/Input-Oriented

min θ

s.t.
n∑

r=1

n∑

j=1

λjr[x
L
ij , x

U
ij ] ≤ θ

n∑

j=1

[xL
ij , x

U
ij], ∀i

n∑

r=1

n∑

j=1

λjr[y
L
kj, y

U
kj] ≥

n∑

r=1

[yL
kr, y

U
kr], ∀k

n∑

j=1

λjr = 1, ∀r

λjr ≥ 0, θ free.

We can transform model (1) to model (2) and model (3) for transferring the
interval data to the exact one. In model 2 , θL indicates the the efficiency score
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when we choose the lower bound of the Interval data, and also θU in model 3
indicates the efficiency score for the upper bound of the interval data.
Model(2) Phase I/Radial/Input-Oriented

min θL

s.t.
n∑

r=1

n∑

j=1

λjrx
L
ij ≤ θL

n∑

j=1

xL
ij , ∀i

n∑

r=1

n∑

j=1

λjry
L
kj ≥

n∑

r=1

yL
kr, ∀k

n∑

j=1

λjr = 1, ∀r

λjr ≥ 0, θL free.
Model (2)Phase II/Radial/Input-Oriented

max
m∑

i=1

si +
p∑

k=1

tk

s.t
n∑

r=1

n∑

j=1

λjrx
L
ij = θL∗

n∑

j=1

xL
ij − si, ∀i

n∑

r=1

n∑

j=1

λjry
L
kj =

n∑

r=1

yL
kr + tk, ∀k

n∑

j=1

λjr = 1, ∀r

λjr, si, tk ≥ 0.
Model(3)Phase I/Radial/Input-Oriented

min θU

s.t.
n∑

r=1

n∑

j=1

γjrx
U
ij ≤ θU

n∑

j=1

xU
ij , ∀i

n∑

r=1

n∑

j=1

γjry
U
kj ≥

n∑

r=1

yU
kr, ∀k

n∑

j=1

γjr = 1, ∀r

γjr ≥ 0, θU free.
Model (3)Phase II/Radial/Input-Oriented

max
m∑

i=1

si +
p∑

k=1

tk

s.t
n∑

r=1

n∑

j=1

γjrx
U
ij = θU∗
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xU
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n∑

r=1
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kr + tk, ∀k
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n∑

j=1

γjr = 1, ∀r

γjr, si, tk ≥ 0.
Once the phase II for the model (2) and model (3) are solved, the correspond-
ing vector(λ∗

1r, λ
∗
2r,...,λ

∗
nr),(γ

∗
1r, γ

∗
2r,...,γ

∗
nr)define for each DMUr the operating

point which it should aim. The inputs and outputs of each such point can be
computed as

x̂ir=
n∑

j=1

λ∗
jrx

L
ij , ∀i, x̃ir=

n∑

j=1

γ∗
jrx

U
ij , ∀i,

ŷkr=
n∑

j=1

λ∗
jry

L
kj, ∀k, ỹkr=

n∑

j=1

γ∗
jry

U
kj, ∀k,

By models( 2) and (3) introduced in this section we have, first, instead of
solving an independent LP model projecting each DMU in turn, all DMUs are
simultaneously projected. Second, instead of reducing the inputs of any one
DMU, the aim is to reduce the total input consumption of the DMUs. Third,
we can have imprecise data such as: ordinal and interval data.

2.3 Incorporation of ordinal preference information and
fuzzy data into the interval DEA models

Wang et al. [3] mentioned that, in real decision-making and evaluation prob-
lems, ordinal preference information and/or fuzzy data are appeared. DEA
efficiency rating is no exception. How to deal with them becomes a key and
important issue of decision and evaluation, which has aroused great interests
of many experts and scholars. They also, discussed how to transform ordinal
preference information and fuzzy data into interval data. We use Wang et al.
method [3] to deal with ordinal data.

3 Main Results

Table 1 and Table 2 present the data set of five Commercial Banks in Malaysia
including, CIMB Bank Berhad, MayBank(Malayan Bank), AmBank Berhad,
Hong Leong Bank Berhad, Alliance Bank Berhad in 2008. Each bank has
Personal Banking, Investment and Islamic Banking , we have chosen Personal
Banking. In Table 1 we have introduced three inputs such as, number of
branches, number of ATMs and minimum and maximum of Unit Trust Funds
during the years 2000 to 2008 such as, Growth Fund, Bond Fund and Balanced
Fund, that are introduced in Malaysian currency( Ringgit or RM). Table 2
reports two outputs namely, the amount of the loans in personal banking,
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initial amount for open an account. In Table 3 and Table 4 we determined the
target inputs and the target outputs respectively, from model 2 (are solved
by LINGO, a powerful professional software package). Table 5 and Table 6
report the target inputs and the target outputs from model 3 . As it is clear
, Alliance Bank is in the MPSS position and also it is pareto efficient, we
projected CIMB Bank and May Bank to its position in the efficient frontier.
As you see, instead of reducing the inputs of any one Bank, the aim is to
reduce the total input consumption of the Banks.

Table1

Inputs( original data set)

Personal Banking Exact data Exact data Interval data

DMU No. of ATMs No. of Branches Fund Size in million (units) during years 2000-2008

1.CIMB Bank Berhad 1287 348 [300,1200]

2.May Bank ( Malayan Bank) 1553 375 [100,3000]

3.AmBank Berhad 376 185 [150,5000]

4.Hong Leong Bank Berhad 201 184 [400,1000]

5.Alliance Bank Berhad 116 82 [2.251, 95.833]

Total 3533 1174 [952.251, 10295.833]

Table2

Outputs(original data set)

Personal Banking Interval data Interval data

DMU Loans [Min, Max] in RM [Min, Max] of Initial Deposit in RM

1.CIMB Bank Berhad [10000,250000] [50,5000]

2.May Bank ( Malayan Bank) [10000,200000] [20,100000]

3.AmBank Berhad [1000,100000] [1,100000]

4.Hong Leong Bank Berhad [5000,50000] [1,30000]

5.Alliance Bank Berhad [5000,400000] [1,30000]

Total [31000,1000000] [73,265000]

Table3

Target Inputs of Model 2

Personal Banking θL∗= 0.664
DMU No. of ATMs(x̂1) No of ATMs (x̂2) Fund Size in milion (units) 2000-2008(x̂3)
1.CIMB Bank Berhad 116 82 2.251

2.May Bank ( Malayan Bank) 116 82 2.251

3.AmBank Berhad 116 82 2.251

4.Hong Leong Bank Berhad 572 186 118.145

5.Alliance Bank Berhad 1287 348 300

Total 2207 780 424.898

Table 4

Target Outputs of Model2
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Personal Banking θL∗= 0.664
DMU Loans in RM(ŷ1) Initial Deposit in RM(ŷ2)
1.CIMB Bank Berhad 5000 1

2.May Bank ( Malayan Bank) 5000 1

3.AmBank Berhad 5000 1

4.Hong Leong Bank Berhad 6946 20

5.Alliance Bank Berhad 10000 50

total 31946 73

Table 5

Target Inputs of Model 3
Personal Banking θU∗= 0.646
DMU No. of ATMs(x̃1) No of Branches (x̃2) Fund Size in million (units) 2000-2008(x̃3)
1.CIMB Bank Berhad 116 82 95.833

2.May Bank ( Malayan Bank) 116 82 95.833

3.AmBank Berhad 298 155 3527.54

4.Hong Leong Bank Berhad 116 82 95.833

5.Alliance Bank Berhad 1472 359 2834.764

Total 2118 760 6649.803

Table6

Target Outputs of Model 3
Personal Banking θU∗= 0.646
DMU Loans in RM(ỹ1) Initial Deposit in RM(ỹ2)
1.CIMB Bank Berhad 400000 30000

2.May Bank ( Malayan Bank) 400000 30000

3.AmBank Berhad 190073 78983

4.Hong Leong Bank Berhad 400000 30000

5.Alliance Bank Berhad 211380 96017

Total 1601453 265000

4 Conclusion

In this paper we adopt centralized resource allocation in DEA with interval
data to evaluate the performance and target setting for five Commercial Banks
in Malaysia, This paper has addressed an intra organizational scenario in which
all Banks units fall under the supervision of a centralized DM which not only
wants them to be efficient but is also concerned about total input consump-
tion and total output production. Since conventional DEA models set targets
separately for each DMU, we projects all the bank units simultaneously, to
their Most Productive Scale Size. By using our model we also found that
only Alliance Bank in Pareto efficient but throught our model Alliance Bank
projected onto a different point on the efficient frontier, more details are in [2].
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