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DEA-Based Re-allocation Model with Constant the
Efficiency and Improvement of Undesirable Factors.
The Case Study in Tejarat Bank of Iran

S. Madadi !, F. Hosseinzadeh Lotfi *2, M. Rostamy-Malkhalife 3 M. Fallah
jelodar

Resource allocation is a problem that commonly appears in organization with a centralized
decision making (CDM), who controls the units. The aim of central decision making is to
allocate resources in such a way that the organization get the most benefit. Some Data
Envelopment Analysis (DEA) researchers presented DEA-based resource allocation models by
paying attention to energy saving and environmental pollution reduction. In this paper, we
expanded a resource allocation model for 25 branches of an Iranian Tejarat bank, so that
determined how much decision making (DM) can save on energy and manpower hours, so that
undesirable outputs like non-performing loans are significantly reduced in a way that achieve
the minimum reduction of desirable outputs while unchanged the performance of each unit
after re-allocation. The result of the implementation of the model shows that in total with a
10% and 23% reduction in staff and costs respectively can result in the 0.09% reduction of
deposits and 56% of non-performing loans.
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1. Introduction

Initially, Data Envelopment Analysis (DEA) was used to measure technical efficiency, but is
now widely used in resource allocation and production design. Since Charnes et al. [10] developed
Data Envelopment Analysis (DEA), it has become a popular method for efficiency analysis.
Resource allocation problem is currently under active research in the DEA literature. Resource
allocation is a problem that commonly appears in organization with a centralized decision making
(CDM) environment in which a set of units are operating under a central decision maker With
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power to control some decision parameters like resources of those units [4,34]. The aim of central
decision making is to allocate resources in such a way that the most beneficial results by allocating
these resources to its organization[15,16].The problem of resource allocation has become one of the
classical applications of management science and has great practical application value (see: [6],
[16], [19]) [27].[13], [12]). Lozano and Villa [28] presented two centralized resource allocation
models; one type, considers reduction of the total consumption of every input by all units, the other
type related to separate reductions for each input. For other extensions of Lozano and Villa’s model
[28], refer to [22], [29]. Asmild et al. [5] considered one of the models of Lozano and Villa [29] and
modified it to adjust the inefficient units. Korhonen and Syrjanen [27] developed an approach based
on DEA and multiple objective linear programing (MOLP) and applied it to a resource allocation
problem. They assumed that the units are able to modify their production plan with in the
production possibility set only according to certain values, when Decision Maker (DM) was
interested in maximizing the total amount of outputs produced by allocating the additional resources
to units. They defined a transformation possibility set for each Decision Making Unit (DMU) with
two assumption. The first one is to assume that the unit’s efficiency stays constant during the
planning period and the other assumption is that each unit can have a proportion scaling of the
existing production changes in inputs and outputs. Li et al. [19] combined energy consumption
reduction by using resource allocation with considering undesirable outputs and proposed the
multiple objective model for resource allocation under the energy saving constraints. Since saving
energy effect on the desirable and undesirable outputs, the model has been designed in a way that
reduction proportion of desirable output is less than reduction proportion of undesirable output.
Amirteimoori and Kordrostami [3] extended a method that implemented the demand and supply
changes in a centralized decision making. Fang [13] presented a generalized DEA model for
centralized resource allocation with the assumption of adjustable and non-adjustable inputs, then he
analyzed the structural efficiency using structural efficiency presented by Li and cheng [33].
Hatami-marbini et al. [17] proposed an alternative DEA model based on the Goal programing (GP)
concept to the total weight flexibility in the conventional DEA models centrally imposed resource
or output reduction across the reference set. They show how much the inputs and outputs of each
DMU should be reduced to increase the efficiency score of all the DMUs and they compared their
model with Amirteimoori and Emrouznejad [2] method. Hosseinzadeh Lotfi et al. [23] increase or
decrease non-radially all of the inputs and outputs at the same time by solving a centralized resource
allocation for enhanced Russell model. Hosseinzadeh Lotfi et al. [22] presented the stochastic
centralized resource allocation in order to allocate centralized resources where inputs and outputs
are stochastic. Ehsan Momeni et al. [31] presented model considers all decision making units
(DMUs) together and improve whole efficiency of them by reducing total emission permit as
undesirable outputs. Wu et al. [35] introduced a DEA-based approach to allocate China’s national
Co, emissions and energy intensityreduction. Zhu et al. [38] studied classification of natural
resources of china and used an input-oriented model based on slack for measuring the efficiency of
provinces, then they provided an approach based on DEA for allocating the total natural resources.
Many findings of DEA have been used for measuring environmental performance. (see: [32,18, 11,
25, 30, 37] ). Akbari et al. [1] designed a mixed structure to measure the efficiency of branches of
Tejarat Banks in Iran according to their policies.In some studies, DEA and multiple objective linear
programing (MOLP) integrated to deal resource allocation problem [35]. Goal programing (GP) as
a method for solving multiple objective tries to achieve several goals simultaneously, while
deviation from goal is also allowed. The aim of GP is giving a special target value to each objective
function so that minimizes the unwanted deviations from intended goals (see: [7, 8, 21, 20, 9, 24,
36, 16]). In this paper, the efficiency score of 25 branches of an Iranian Tejerat bank in the present
of undesirable outputs are calculated, Then we paid to see how much energy and manpower hours
can be saved so that undesirable outputs such as non-performing loans are significantly reduced,
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also the desirable outputs will be less affected and unchanged the performance of branches after re-
allocation. For this purpose, the innovation of this paper are:

e Exhibit a new model for resource allocation with the undesirable outputs when saving
energy leads to reduce desirable and undesirable output, the proportion of undesirable
outputs reduction is bigger than desirable output reduction proportion when the
efficiency of each unit remain unchanged after re-allocation.

e When Decision maker (DM) has a specific condition on the reduction variables, then
the model is modified by Goal programing (GP) in a way that it becomes feasible.

The paper is organized as follows: Section 2 provides a preliminaries review on the DEA-based
resource allocation issues. In section 3, we proposed a DEA-based interactive approach to resource
allocation based on unchanged efficiency, so that we can have energy saving and reduction of
undesirable outputs. In section 4 we show a numerical example to illustrate the application of the
proposed model for 25 branches of Iranian Tejarat bank. Finally conclusions are shown in section 5.

2. Preliminaries

Consider an organization consisting of n homogeneous DMU. DMU; (j=1,..., n) uses m
inputs; X =(Xyj - X)" To produce s desirable outputs; Y = (y7,, y5;.... ya)"

and p undesirable outputs; ij = (ylbj , ygj..., yf,j )" and assume that X >0, Y?>0, Y*>0.

Efficiency measurement in DEA is usually based on the assumption that inputs have to be
minimized. In situations that undesirable outputs may be presented in the production process, in
order to improve the performance of a DMU the undesirable outputs and inputs should be
decreased.

The production possibility set T according to [10] is defined by:

T:{(x,yg,yb)

Seiford and Zhu [32] pointed that standard DEA models can be used to improve performance via
decreasing the undesirable outputs and increasing the desirable outputs. They considered the same
coefficients to increase desirable outputs and decrease undesirable outputs in order to evaluate
DMU,. But we preferred different coefficients to increase desirable outputs and decrease
undesirable outputs. So we consider the output-oriented model to evaluate the performance of
DMU, with CRS assumption as follows:

sz;i,-vayg SZ;/ljy?,yb zZ;/ij?,/ij >0, ] :1,...,n} 1)
1= 1= j=
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24 <0y, ()
=1

Definition: DMU, is efficient if and only if ¢, = ¢, =1 otherwise, DMU, is inefficient.

ax @,

Note that, the primary objective function was as
min ¢,

, which was written to linearize using the

above sum of the weighed method.

3. Re-allocation based on unchanged efficiency

Supposing that there is a decision making environment in the organization with power to control
the resources of the DMUs. Korhonen and Syrjanen [27] assumed that DM is interesting in
maximizing the amount of outputs by allocating available additional resources to units. Li et al. [19]
discuss about saving energy and reducing pollution by resource allocation in the next period. The
purpose of their model is to re-evaluation of the inputs in a way that achieve the minimum reduction
of desirable outputs and maximum reduction of undesirable outputs also the relevant DMUs
consume less inputs to produce. In this paper, we proposed a model for the allocation of resources
among a set of DMUSs. Each unit consumes multiple inputs resources to produce multiple outputs,
in which some are desirable and others are undesirable outputs, with aiming to save energy and
reduce undesirable outputs so that decision maker (DM) has decided the efficiency of each DMU to
stay unchanged. Initially, we determine the optimal value ¢,, ¢, for each DMU; (j=1,...,n) using

model (2). Then, when T is based on CRS assumption, we can reformulate the allocation resource
model based on saving energy and reduction environmental pollution so that efficiency of each
DMU unchanged, that is:

(X; —AX;)
o (y] —Ay]) |eT j=L,...n
; (Y] —AY})

And we have the following MOLP model:
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min  AY?Y —ZZ A, (3)

j=1 r=1 er

n m

max  AX ZZ

j=1 i=1 X

St.

n

X; — AX; zlz/ljlx” j=1..n,i=1..m (3-1)
=1

(72}

AR ED WA j=L..nr=1.., (3-2)
1=1

o (Yo —AY2) =D Ay, j=1..n,p=1..,P (3-3)
1=1

0<AY) <y, j=1..,n,p=1..,P (3-4)
0<Ay! <y} j=L..nr=1..,s (3-5)
OgAxij <X j=1..,ni=1..m (3-6)
;20  j=L..,nl=1..,p

AX:

J i)
desirable and undesirable outputs respectively in DMU;. ¢,,¢, ; are optimal values obtained from
model (2).

represents the saving amount of inputs, and Ayf,Ay? represent the reduction amounts of

Model (3) is maximizing the total proportion of inputs changes and minimizing the total proportion
of desirable outputs changes. While it assumes that the units are unable to change their efficiency
score during the planning period.

Model (3) is a multiple objective programing. We can transform the multiple objective function
model (3) in to the following single objective function:

min - Ay’ —Ax= ZZ A, znlz (4)

[EE S

n
Now, we assuming that the manager conditionsZAy? >F ,Ay? <D;, Ax;<C, impose the
j=1

problem also. F e RZPO,CJ. e R%), D; e R are conditions imposed by the manager. By adding this
constraint to the problem (3), it may be infeasible because of the management’s expectation is

unattainable. Therefore the model is modified by Goal programing (GP) in a way that it becomes
feasible.
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min  Z, =N +Zn:Vj +ZH:WJ. 5)

n

mx 3y S

= Yy EE X

St.

n

X; — AX; ZIZJ,J.,XH j=1..,n,i=1..m (5-1)
=1

P (Y3 -AY <D A,y j=1..nr=1..,s (5-2)
1=1

o (Yo —AY2) =D Ay, j=1..,n,p=1..,P (5-3)
1=1

0<AX, <C, -V, j=1...n (5-4)

0<Ay? <D, -W, j=1..n (5-5)

> Ay >F-N (5-6)
j=1

i >0 j=L..nl=1..,p

In constraints (5-4), if the management’s expectation for reaching C; are unattainable, deviation
variables V; modified it, and it makes the problem possible. Also constraint (5-5), (5-6). Suppose
(A, A%, Ay, Ay:.’*, j=1,...,n) are the optimal solution for above model.

Theorem 1. Model (5) is feasible.

(X; —AX;)
Proof: Because we have | ¢;(y{ —Ay?) |eT in model (2) then by choosing AX; = ij:’ = Ay? =
o; (¥; —AY))
constraints (5-1) - (5-3) are established. Also deviation variables N, W, V in constraints (5-4)-(5-6)
make these constraints possible.

Theorem 2. Efficiency of units remain unchanged after re-allocation.

Proof: Consider the re-allocation optimal values X; — AXT yi —Ay?",y] —Ay"" obtained with the

model (5). By re-evaluate these new values by the model (2), we show that 7, =@, ,7, =@, .
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For this purpose, suppose 77,7, , 4;, j =1,...,n are the optimal solution to evaluate DMU, after
reallocation for the following model:

maxno _77(; (6)

St D uX, <X, —AX (6-1)
j=1
Doyl =, (ye -ayd) (6-2)
j=1
Douy Y] <n,(Ye Ay ) (6-3)
j=1
>1 (6-4)
7, <1 (6-5)

,uJ.ZO j=1..,n

If assumed 77, # ¢, , 7, # @, , so there are four cases. Suppose 7, <g.and 7. >¢. then we have

n, (¥ —AY) <oy (Y —AYT) < DAY from the constraint (5-2) and
1=1

DAY <o (Yo —AYY) <1, (Yo —Ay,) from the constraint (5-3). By placing ;=] (j=1..,n) in
1=1

model (6), we will have a solution that it is contradict the optimality of 75, according to the
definition of the model (6) objective function. Now we suppose ¢, <m,and ¢, <7, then we have

oo (ye =AY ) <my (v —AyE) <> ufy? from (6-2) and D A’V <o, (Y, —AY, ) <7, (Y, —Ay, ) from (5-
1=1

j=1
3). Which shows we will have a solution for model (6), which contradict the optimality of 7, in

model (6). Likewise, other cases will be contradicted. Therefore, 7, = ¢, ,77. =@, O

4. Numerical examples

In the current section, we consider 25 branches of the Iranian Tejarat bank that is derived from
Kordrostami et al. [26] study, as the number of staff and costs are considered as input indicators.
The costs contain staff costs and operational costs of bank branches. Furthermore, deposits, income,
and granted loan are taken as desirable outputs, while non-performing loans are deemed as
undesirable outputs. The deposit in each branch is the result of the attraction of the funds from
customers. Income includes interest income and non-interest income. Granted loans are loans
granted by governmental sectors. Non-performing loans are loans that are in default, according to
the bank regulations [26]. Suppose that central manager of the Tejarat bank is willing to save costs
and reduce bank staff, make changes in inputs and outputs whereas the performance of each branch
remains constant. Since saving on inputs affects outputs, the manager wants the changes to be such
that the percentage of undesirable output reductions is greater than the percentage of desirable
output reductions and will have saving on costs and part-time staff by maintaining the efficiency of
each branch. Inputs, outputs Data and optimal values obtained from model (2) are display in Table
1:
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Table 1. Input and Output data for 25 bank branches

Input Desirable outputs Undesirable output

Branches  Staff  costs Deposits Income Granted Loans  Non-performing Loans (o* (p*
1 9 8404 205070 11990 151088 5988 1 1

2 8 7469 235492 6284 147547 7512 1 1

3 8 7473 237013 12158 163024 46960 1 1

4 11 10333 209724 2788 105005 18705 114 019
5 13 12145 38541 16667 98959 8476 1 0.7
6 8 7495 138238 6780 108155 2734 1 1

7 7 6507 183835 3404 82560 12614 128 0.28
8 10 9325 287007 9988 94015 24087 1 1

9 6 5601 181129 1028 105531 3421 1 1

10 10 9410 240364 24473 196128 43298 1 1

11 5 4674 126794 6195 38357 3877 1 1

12 8 7477 207637 2602 96637 4807 109 0.66
13 7 6554 239988 7152 88133 9494 1 1
14 7 6586 154348 2065 78916 15323 150 0.23
15 9 8380 189020 5515 69399 1988 1 1

16 8 7469 122329 6796 72600 3965 121 062
17 8 7468 194806 7442 59239 3647 1 0.78
18 7 6555 113540 9933 70377 1916 1 1

19 7 6568 193148 2468 86643 7820 124 0.46
20 9 8400 221505 2527 107904 19845 108 0.18
21 8 7455 266868 23224 62528 8106 1 1
22 10 9340 161850 2420 78858 25091 148 0.14
23 12 11170 208355 4511 114262 9010 111 046
24 7 6560 240393 5163 118890 3645 1 1
25 7 6569 174337 420 137342 37853 1 1

At first, we evaluate the performance of DMU; (j=1,..., 25) with model (2) then put determined
(p;, @f (j=L1,...,n) in model (5) by placing parameters as follows:

C,=030x,, D,=0.10y?, F=0.60_Zl:y?
=

The optimal values of this model can be obtained by lexicography’s prioritization method. The first
objective function is considered as the first priority for the problem to be feasible. In other words,
Z, >0means that the deviation variable made the problem feasible, and if we did not consider the

problem as GP, then it would be infeasible. The second step is the sum of two weighted next
objective functions, in order to minimize desirable output reduction and maximize saving inputs on
the optimal solution, which is obtained from the first step. The results using the Gams software are
as follows.

Reduction value of inputs and outputs indicated in the tables 2 and 3.

The first and second columns in the table 2 represent the reduction amount of staff and costs. The
third and fourth columns represent the proportion of staff and costs changes. Also table 3 is
interpreted. For example in branch 10, if 20 percent of staff and 21 percent of costs are reduced, the
deposits as desirable output will be reduced by 10 percent, instead, non-performing loans can be
reduced by up to 92 percent through strong guarantees while unchanged the performance of unit.in
unit 5 model reduces each inputs by 30% and reduces undesirable output by 69% while none of the
desirable outputs need to be reduced. That is because inefficiency only exist in undesirable output in
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branch 5 (as can be seen ing, =1,¢. =0.7). Unit 3 located on the efficient hyperplane but the

objective function of the problem allows it to reduce desirable output and undesirable output while
unchanged the efficiency of unit.

Table 2. Reduction value of inputs

Reduction proportion

Branch Staff Costs staff costs
1 0.11 130 0.01 0.01
2 0.00 0.00 0.00 0.00
3 0.00 3.05 0.00 0.00
4 3.03 2900 0.27 0.28
5 3.90 3600 0.30 0.30
6 0.71 680 0.08 0.09
7 0.05 0.00 0.01 0.00
8 2.32 2200 0.32 0.23
9 0.00 0.00 0.00 0.00
10 2.06 2000 0.20 0.21
11 0.00 0.00 0.00 0.00
12 0.00 7.43 0.00 0.00
13 0.00 0.00 0.00 0.00
14 0.00 27 0.00 0.00
15 0.50 460 0.05 0.05
16 0.46 420 0.06 0.06
17 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00
19 0.00 8.94 0.00 0.00
20 1.06 990 0.11 0.12
21 0.99 890 0.12 0.12
22 2.06 1900 0.20 0.20
23 3.60 3400 0.30 0.30
24 0.00 0.94 0.00 0.00
25 0.00 12 0.00 0.00
Total: 0.10 0.23

Table3: Reduction value of outputs

Reduction proportion

Branch  Deposits Income Granted loans Non-performing

loans Deposits  Income  Granted Loans Non-performing
Loans
1 21000 0.00 0.00 4000 0.10 0.00 0.00 0.66
2 24000 0.00 0.00 4700 0.10 0.00 0.00 0.62
3 24000 0.00 0.00 44000 0.10 0.00 0.00 0.93
4 21000 0.00 0.00 4400 0.10 0.00 0.00 0.23
5 0.000 0.00 0.00 5900 0.00 0.00 0.00 0.69
6 14000 0.00 0.00 810 0.10 0.00 0.00 0.30
7 18000 0.00 0.00 1100 0.09 0.00 0.00 0.09
8 29000 0.00 0.00 17000 0.10 0.00 0.00 0.70
9 18000 0.00 0.00 150 0.10 0.00 0.00 0.04
10 24000 0.00 0.00 40000 0.10 0.00 0.00 0.92
11 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 21000 0.00 0.00 790 0.10 0.00 0.00 0.16
13 24000 0.00 0.00 6200 0.10 0.00 0.00 0.65
14 15000 0.00 0.00 1800 0.09 0.00 0.00 0.11
15 19000 0.00 0.00 18 0.10 0.00 0.00 0.01
16 12000 0.00 0.00 860 0.10 0.00 0.00 0.21
17 19000 0.00 0.00 740 0.09 0.00 0.00 0.20
18 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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19 19000 0.00 0.00 700 0.09 0.00 0.00 0.09
20 22000 0.00 0.00 4200 0.10 0.00 0.00 0.21
21 27000 0.00 0.00 4500 0.10 0.00 0.00 0.55
22 16000 0.00 0.00 5300 0.10 0.00 0.00 0.21
23 21000 0.00 0.00 3400 0.10 0.00 0.00 0.37
24 24000 0.00 0.00 320 0.10 0.00 0.00 0.09
25 17000 0.00 0.00 35000 0.10 0.00 0.00 0.92

Total:  0.09 0.00 0.00 0.56

5. Conclusion

The concern of economic and production managers today is optimal use of resources and saving
energy. Since the reduction of energy consumption affects desirable and undesirable output, the
present paper has been proposed a new approach for saving energy so the desirable outputs have
little affect and undesirable outputs such as non-performing loans are significantly reduced in a way
that achieve the minimum reduction of desirable outputs while unchanged the performance of each
unit after re-allocation. By running the model for 25 branches of Iranian Tejarat bank we get in total
with a 10 percent reduction in staff and 23 percent reduction in costs, the deposits will decrease by
0.09 instead non-performing loans can be reduced by up to 56 percent through strong guarantees
while unchanged the performance of unit. Advantages of the proposed model compared to Li et al.
[19]’s model are: (1) with inappropriate choice for specific condition that the manager puts, the
proposed model (5) is always possible. (2) This model recommend DM to save inputs and reduce
undesirable outputs while performance still remains unchanged. In line with this article, it can be
suggested that future research can explore saving inputs and reducing undesirable outputs in order
to improve efficiency.
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