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 One of the primary concerns of many corporate organizations is to assess the weakness and 
strength of their future partners in an attempt to reduce all potential risks involved with them. In 
this paper, we present a BSC-DEA based model to indentify strengths, weaknesses, 
opportunities and threats of a firm. The proposed model of this paper assumes there are various 
uncertainties associated with all input/output parameters and uses fuzzy numbers to handle the 
uncertainties. We also consider a real-world case study of banking industry where four major 
banks are possible candidates of a partnership and implement the proposed model of this paper 
for this case study. The results of this study reveal some of the issues such as weakness of 
electronic banking, services and resource allocation as part of their infrastructure problems. 

 

© 2011 Growing Science Ltd.  All rights reserved. 

Keywords: 
Data envelopment analysis 
Balanced score card 
Efficiency 
Banking industry  
Market alliance 

 

  

 

1. Introduction 
 

A strategic alliance is formed by at least two business partners, which set long term relationship for 
achieving common goals to remain legally independent, to share management controls and interests 
in performance and allocated responsibilities, and finally to continue cooperation in one of some 
strategic fields such as technology, product and service. In recent years, there is an increasing interest 
among many corporations in having strategic alliances (Wu et al., 2009). One of the primary concerns 
in such firms is to setup an appropriate strategy on choosing the right partners to reduce any possible 
risk. Brendel (1951) is believed to be the first who emphasized on the importance of strategy for 
choosing appropriate partners by considering 20 factors in a real-world case study of distribution 
network. Pegram (1965) performed more expanded studies about strategic partner selection. He 
presented some criteria for evaluating business partners in several categories such as credit and 
financial conditions, production line, reputation and popularity, sales performance and power, 
management capability, management altitude, and size of members in distribution network.  
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Overby (2005) explained that companies could benefit of advantages of own business partners in 
specific periods. He also showed that selecting a business partner has dynamic nature and it depends 
on strength or weakness of partner, which changes from one period to another. Dong and Glaister 
(2006) presented 20 main factors for business partners selection in Chinese companies. The factors 
include resources and raw material, man power, executive ability, domestic market recognition, 
environmental factors recognition, familiarity with partners' culture, product, distribution network, 
seller and provider recognition, reputation and management. Bierly and Gallagher (2007) explained 
that applying a multi level set, which includes three main factors of strategic coordination, trust and 
expediential strategy. Wu et al. (2009) summarized main factors in selection of business partners in 
five areas including business partner specification, coordination and compatibility degree, invisible 
properties, capabilities and marketing knowledge and complementary capabilities. Holmberg and 
Cummings (2009) presented a dynamic tool for business partner selection for target market (industry) 
evaluation and distinct companies, which was useful for polygon alliances and different industrial 
fields. 

 
During the past few years, there have been different quantitative and qualitative decisions making 
models for selecting business partner in strategic alliances. It could be pointed some done researches. 
Mikhaliov (2002) used fuzzy analytical network process (FANP) for business partner selection in 
virtual firms. Jarimo (2006) developed a mixed integer linear programming model to form virtual 
firms. A decision support system (DSS) and its related software was designed and presented by 
Hacklin et al. (2006). The proposed DSS has been made for selecting business partner in strategic 
alliances. 
 
Yang et al. (2007) used analytical hierarchy process (AHP) for outsourcing process in business level, 
so they used 20 main factors in three basic areas of risk, expectations and environmental conditions.  
Eden (2007) presented a model for selecting business partner in research and development, upon 
hypothesis test and its related statistical analysis using a quantitative research method. Wu et al. 
(2009) selected important and effective criteria to select business partner by applying analytical 
network process. Doherty (2009) suggested a qualitative method upon which effective key factors for 
selection of business partners were presendted for international franchise. 
 

Surveys in economic and banking affairs in developed countries show that making a strategic alliance 
in banking can improve banking. So the reasons can cause the strategic alliance are as follow: 

• Lack of suitable software packages to perform online banking, 
• Reliance on paperwork in banking system, 
• Time wasted of customers for bank services, 
• Limitation of exchanging on large amount of money between different bank accounts, 
• Low speed of internet lines, 
• Lack of suitable communication lines for using POS and remote services, 
• Limitation on daily receiving money from ATM, 
• Bureaucracy in the body of organization, 
• Increasing in income and profitability. 

 

In this paper, we present an integrated balanced score card (BSC) and data envelopment analysis 
(DEA) to measure the relative efficiencies of different units of banks based on some financial and 
non-financial figures. The proposed model of this paper is implemented for some private Iranian 
banks called Saman bank. In this study, we try to find appropriate solutions for eliminating some 
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critical factors, which make an organization inefficient such as increasing income and profitability, 
deleting limitation on exchanging lots of money between banks, bureaucracy and increasing receiving 
speed in services. The organization of this paper is as follows. We first introduce some basic elements 
of BSC and DEA in sections 2 and 3, respectively. The proposed model of this paper in descriptive 
steps is given in Section 4. Section 5 is devoted for the implementation of the proposed model and the 
concluding remarks are given in the last section to summarize the contribution of the paper.  

2. Balance score card  
 
Balance score card (BSC) model was first introduced by Kaplan and Norton (1992), which creates a 
balanced framework between financial and other nonfinancial units of organizations. BSC creates a 
cause and effect interaction model between managers and staff and it watches the organization based 
on four perspectives as follow: financial, customer, internal business processes, learning and 
maturity. 
 

Financial perspective links the organization to its shareholders with main attention to the question: 
‘‘How do we look to our shareholders and those with a financial interest in the organization?’’. 
Customer perspective concentrates on identifying customers and some ways to meet their needs. In 
internal business processes perspective, some processes are developed by organization to create value 
for customers and stockholders effectively and efficiently. Learning and maturity perspective 
identifies the infrastructure that the organization must build to create long-term growth and 
improvement (Asosheh et al., 2010). 

Success in processes for an organization depends not only to fast and on time information, but also it 
depends on staff's ability and information system improvement. Improving internal processes, staff's 
capabilities will eventually lead an organization to perform well in terms of financial figures. BSC 
ability in designing performance evaluation indices has raised researches to use this technique as a 
tool for designing indices.  Increasing use of BSC framework in many recent researches and various 
management field like SCM (Bhagwat & Sharma, 2007), R&D project (Eilat et al., 2008), e-
commerce (Hasan & Tibbits, 2000; Rickards, 2007), ERP (Chand et al., 2005) and e-business 
(Bremser & Chung, 2005) have several reasons. First, compared with traditional measurement 
systems that only include financial measures the BSC is designed to improve managers’ decision-
making by guiding their attention to a broader vision of the company’s operations (Kaplan & Norton, 
1992; Rickards, 2007; Wong-On-Wing et al., 2007; Maltz et al., 2003). Second, as a holistic 
performance measurement system, the BSC provides causal links connecting the multiple classes of 
non-financial measures (“drivers of the performance”) and the financial measures (“final outcome”) 
(Campbell et al., 2002; Ittner et al., 2003; Bhagwat & Sharma, 2007; Wong-On-Wing et al., 2007). 
 
We should know that BSC suggests no way to reach the goal, therefore in order to find improvement 
way for organization we must use another techniques, and also consider that this model is not 
prepared for evaluation performance of an organization for several years or comparison of 
performance among other same organizations. This weakness could be removed by data envelop 
analysis. 
 
3. Data envelopment analysis  
 
Data envelopment analysis (DEA) is a non-parametric one with mathematical approach, which 
evaluates the performance of decision-making units based on some inputs and outputs. Charnes et al. 
(1978) is believed to be the first who presented this technique. In DEA technique, the considered 
entity, which converts inputs to outputs is called decision making units (DMU). DMUs may be a 
hospital, bank, or store and something like these; in defining the DM units, decision maker (DM) 
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units must have equal inputs and outputs. In DEA technique, the organization outputs are measured 
upon its known inputs, whereas this technique is able to compare performance of an organization 
during several years or to compare the performance of an organization to others. Despite the other 
nonparametric techniques, this technique does not need estimation of production function and only 
depends on inputs and outputs values for each DMU and measure the relative efficiency of each unit 
based on the other units.  
 
DEA technique is applicable by different models which CCR (Charnes et al., 1978) is one of the most 
useful one. In CCR model, first is allocated a mark for efficiency to every unit, units with mark 1, are 
known as efficient units. In this model, with assumption of constant output to scale, by efficiency 
calculation, the optimum coefficient of inputs and outputs of each unit is obtained so that efficiency is 
ratio of sum of weighted values of outputs to sum of weighted values of inputs. 
 
It should be considered that DEA technique does not play any role in defining input and output 
indices although it is very powerful in comparison of performance and give improvement solution. 
Therefore it seems that it would be possible to use combination of this technique and BSC model 
either for evaluation of strategic indices of an organization in a length trend and as an approach to 
solve the business partner selection problem. 
 
Combination of BSC and DEA opens the door to measuring the performance of an organization and 
defining the improvement way, so that defined criteria are classified into two input and output 
categories by BSC, then by using the DEA is used to compare different units. In this article, criteria 
associated with one of the Iranian banks are presented to select business partner and ranking the 
considered alternatives will be performed using a proposed model from combining BSC and DEA. In 
the next section, an algorithm proposed is presented for solving the business partner selection 
problem in bank. 

 
4. Proposed algorithm 
 
Algorithm proposed for business partner selection in bank is presented as follows: 
 
4.1 First step: Defining business partner selection criteria by using BSC and Delphi methods 
 
One of the important matters in business partner selection problem is to define criteria and sub 
criteria. Therefore, in this article, the BSC and Delphi method are used as follow: 
 
4.1.1 BSC model 
 
To define criteria and sub criteria, BSC model is used. One of the advantages of this model is 
compatibility between criteria and short/long-term objectives of a bank, because BSC is of the useful 
tools for achieving the goals and strategies of bank according to four perspectives including financial, 
customer, internal business processes, and learning and maturity (Quezada et al., 2009). In addition, 
there are three main reasons for creation and development of BSC model, which are as follow, 
 
● creating and maintaining useful and effective relationships, 
● receiving a good output for an organization, 
● establishing balance and improvement among criteria 
 
BSC in late of 1980’s and early of 1990’s raised as a method for helping the organization in 
complicated and polygon environments. During the recent years, BSC implementation has increased 
as a framework for revolution management in organization. Fig. 1 shows the breakdown structure for 
defined criteria of a bank in four perspectives of BSC: 
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Fig. 1. Criteria, sub criteria and alternatives to select the best business partner for a bank 

 
4.1.2 Delphi method 
 
In this step, the output of BSC is used for selection problem. Delphi uses DMs judgment information, 
in this work includes managers and experts of banking bases. According to this method, first, an 
interview is performed with all experts individually about the BSC outputs. Then by considering their 
points, interviews will be repeated again and finally we gather all figures and points, define final 
criteria, and sub criteria. 
 
4.2 Second step: Constructing fuzzy decision matrix compatible to BSC model 
 
In this step, available alternatives are presented for creating a strategic alliance. The aim is that one of 
them to be selected according to criteria and sub criteria defined in first step. Table 1 shows a 
decision matrix compatible to BSC perspectives under uncertainty conditions. 
 
Table 1 
Decision matrix compatible to BSC areas under uncertainty conditions 

Financial 
Perspective 

Learning and maturity 
perspective 

Internal processes 
perspective 

Customer 
perspective 

 

  ଵܥ … ௧ܥ ௧ାଵܥ … ௣ܥ ௣ାଵܥ … ௤ܥ ௤ାଵܥ … ௡ܥ
෤ܽଵ௡ … ෤ܽଵሺ௤ାଵሻ ෤ܽଵ௤ … ෤ܽଵሺ௣ାଵሻ ෤ܽଵ௣ … ෤ܽଵሺ௧ାଵሻ ෤ܽଵ௧ … ෤ܽଵଵ A1 

 ڭ ڭ ڰ ڭ ڭ ڰ ڭ ڭ ڰ ڭ ڭ ڰ ڭ
෤ܽ௠௡ … ෤ܽ௠ሺ௤ାଵሻ ෤ܽ௠௤ … ෤ܽ௠ሺ௣ାଵሻ ෤ܽ௠௣ … ෤ܽ௠ሺ௧ାଵሻ ෤ܽ௠௧ … ෤ܽ௠ଵ Am 

 

 

Selection of the best business 
partner for bank  

Selected criteria in customer 
perspective, for example: 
● service 
● marketing activity  

Selected criteria in internal 
processes perspective, for 
example: 
● e-banking 
● branches efficiency 
● bank interior process 

Selected criteria in learning 
and maturity perspective, for 
example: 
● manpower 
● executives’ management 

Selected criteria in financial, 
for example: perspective  

● income and profitably 
● managing resources 

� Service variation 
● Long term connection with 
customers  

● number of transaction for 
each ATM 
● branches place 

● staff behaviors to customer 
● ownership ratio 

� benefit margin 
● saves growth  
● cheap save to all saves 

Alternatives  
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In Table 1: 

௜ܣ =  Alternative i (for i = 1,…..,m) for business partner selection,  

ሺܥଵ, … , ௧ሻܥ   = defined criteria in customer perspective, 

ሺܥ௧ାଵ, … , ௣ሻܥ   = defined criteria in internal processes perspective, 

ሺܥ௣ାଵ, … , ௤ሻܥ   = defined criteria in learning and maturity perspective, 

ሺܥ௤ାଵ, … , ௡ሻܥ   = defined criteria in financial perspective, 

෤ܽ୧୨ = allocated fuzzy value to alternative i (for i = 1,..., m) by considering criterion j (for j = 1,...,n). 

4.2.1 Fuzzy theory 

In a decision making process, often DMs are coming across some uncertainties and hesitation. In 
other words, natural language for describing comprehension and judgment in mental way is uncertain 
and ambiguous. In order to get rid of this ambiguity, fuzzy sets theory (Zadeh, 1965) has been 
presented to describe linguistic expressions through decision-making process. In the following, for 
the purpose of reference, some important definitions and notations of fuzzy sets theory from 
(Kaufmann & Gupta, 1991; Dubois & Prade, 1980; Tsao, 2009) are reviewed. 

Let X be the universe of discourse, ܺ ൌ ሼݔଵ, … ,  ሚ of X is a set of orderܣ ௡ሽ. A fuzzy setݔ
pairs, ሼሺݔଵ,ߤ஺෨ሺݔଵሻ, … , ሼሺݔ௡,ߤ஺෨ሺݔ௡ሻሽ. ߤ஺෨: ܺ ՜ ሾ0,1ሿ is the membership function of ܣሚ, and ߤ஺෨ሺݔ௜ሻ 
stands for the membership degree of xi in ܣሚ and as ߤ஺෨ tends to 1, the degree increases.  

The height of a fuzzy set is the largest membership grade attained by any element in that set. A fuzzy 
set ܣሚ in the universe of discourse X is called normalized when the height of ܣሚ is equal to 1. A fuzzy 
number is a fuzzy subset in the universe of discourse X that is both convex and normal. 

Fuzzy membership function has more types. This paper adopts the type of a triangular fuzzy number. 
A positive triangular fuzzy number can be defined as ܣሚ ൌ ሺܽ௟, ܽ௠, ܽ௥ሻ, shown in Fig. 2.  

      ሻݔ஺෨ሺߤ                                                

1 

 

 

                                                                     al         am         ar  x 

Fig. 2. Triangular fuzzy number ܣሚ. 

The membership function is defined as: 

 

ሻݔ஺෨ሺߤ ൌ

ە
ۖ
۔

ۖ
ۓ ݔ െ ܽ௟

ܽ௠ െ ܽ௟ ,        ܽ௟ ൑ ݔ ൑ ܽ௠

ݔ െ ܽ௥

ܽ௠ െ ܽ௥ , ܽ௠ ൑ ݔ ൑ ܽ௥

0,                    otherwise.

 

 

 

(1)
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By the extension principle, the fuzzy sum (+) and fuzzy subtraction (–) of any two triangular fuzzy 
numbers are also triangular fuzzy numbers; but the multiplication (×) of any two triangular fuzzy 
numbers is only an approximate triangular fuzzy number. Given any two positive triangular fuzzy 
numbers, ܣሚ ൌ ሺܽ௟, ܽ௠, ܽ௥ሻ and ܤ෨ ൌ ሺܾ௟, ܾ௠, ܾ௥ሻ, some main operations of fuzzy numbers ܣሚ and ܤ෨  
can be expressed as follows: 

෨ܤሚሺ൅ሻܣ ൌ ሾܽ௟ ൅ ܾ௟, ܽ௠ ൅ ܾ௠, ܽ௥ ൅ ܾ௥ሿ, (2) 

෨ܤሚሺെሻܣ ൌ ሾܽ௟ െ ܾ௟, ܽ௠ െ ܾ௠, ܽ௥ െ ܾ௥ሿ, (3) 

෨ܤ(×)ሚܣ ؆ ሾܽ௟ܾ௟, ܽ௠ܾ௠, ܽ௥ܾ௥ሿ, (4) 

ሚܣ ൌ ሺܽ௟ ൌ min௞൛ܽ௞
௟ ൟ , ܽ௠ ൌ ∑ ௔ೖ

೘಼
ೖసభ

௄
, ܽ௥ ൌ max௞ሼܽ௞

௥ሽሻ, (5) 

where K is number of DM(s). 

Consider a fuzzy programming problem with triangular fuzzy coefficients as follows, 

max  ∑ ሺܥ௝
௟௡

௝ୀଵ , ௝ܥ
௠, ௝ܥ

௥ሻ ݔ௝ 
subject to  
∑ ሺ ௝ܽ

௟௡
௝ୀଵ , ௝ܽ

௠, ௝ܽ
௥ሻݔ௝ ൒ ሺܾ௟, ܾ௠, ܾ௥ሻ,  

௝ݔ ൒ 0,          

 
 

(6)

The  crisp model of this problem is as follows, (Jiménez et al., 2007): 

max   ∑ ௝ܥ
௠௡

௝ୀଵ  ௝ݔ
subject to 

∑ ሺߙሺ
௔ೕ

೗ ା௔ೕ
೘

ଶ
௡
௝ୀଵ ሻ ൅ ሺ1 െ ሻሺߙ

௔ೕ
ೝା௔ೕ

೘

ଶ
ሻሻ ݔ௝ ൒ ߙሺ௕೘ା௕ೝ

ଶ
ሻ + (1 α)(௕೗ା௕೘

ଶ
ሻ, 

௝ݔ ൒ 0,α א ሾ0,1ሿ. 

 
 
(7) 

4.3 Three step: Combining CCR model with fuzzy theory 
 
The CCR model admits both input-oriented and output-oriented models. While the input-oriented 
model focuses on savings of inputs, the output-oriented model concentrates on enhancement of 
outputs. 

4.3.1 The CCR 

The CCR model defines the relative efficiency of a specific unit P0 as the ratio between the sum of its 
weighted outputs ∑ ௥೚௥ݕ௥ݑ and the sum of its weighted inputs ∑ ௜೚௜ݔ௜ݒ . We assume that xij > 0 and yij 
> 0. The weights, ur > 0 and vi > 0, are defined in a way that allows the bank in question to present 
itself in the most favorable way. The ratio, which is to be maximized for unit P0, leads to the 
following objective function: 

max௨,௩ ௢ݏ ൌ 
∑ ௨ೝ௬ೝ೚ೝ
∑ ௩೔௫೔೚೔

. (8)

The optimization problem in Eq. (8) is unbounded. Normalization constraints (one for each unit) 
force the ratios of weighted outputs to weighted inputs of every unit to be less than or equal to 1, as 
shown below: 

∑ ௨ೝ௬ೝೕೝ

∑ ௩೔௫೔ೕ೔
൑ (9) .݆׊   ,1
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The constrained optimization problem defined by Eq. (8) and Eq. (9), including the positivity 
constraints of the weights, construct the original CCR model in its ratio form. The ratio formulation 
was transformed in (Charnes et al., 1978) into an equivalent linear programming formulation known 
as the input-oriented CCR model shown in given in Eq. (10): 

max   ௨,௩ ௢ݏ  ൌ ∑ ௥௥ݑ  ,௥೚ݕ
subject to      
∑ ௜௜ݒ ௜೚ݔ ൌ 1, 
∑ ௥௥ݑ ௥௝ݕ െ ∑ ௜௜ݒ ௜௝ ൑ݔ  ,݆׊     ,0
௥௝ݕ , ௜௝ݔ ൒   ,i, j,ݎ׊    0
௥ݑ ൒  ,ݎ׊    0
௜ݒ ൒    .݅׊     0

 
 

(10)

In this formulation, no a priori values are assigned to the input–output weights. This means, for 
example, that an alternative, which is a superior producer of a marginally important output, might be 
diagnosed as efficient even if it performs poorly with respect to all other outputs. Furthermore, in 
evaluating different alternatives, the same factors may be assigned widely different weights for the 
same dimension. Hence, the scores provided by the CCR model are not necessarily good indicators 
for partner selection, as they might not reflect the desired balance among the outputs of the model. 

4.3.2 BSC-CCR model 

The single-level BSC-CCR linear formulation is represented by Eq. (11). In this formulation, the 
balancing constraints are divided into two groups-lower-and upper-bound constraints, for each output 
card Ok, k = 1,…, KO, and input card Ik, k = 1,…, KI. The lower and upper bounds are denoted 
ሾܮைೖ, ܷைೖ] and ሾܮூೖ, ூܷೖሿ for the outputs and inputs, respectively. These constraints ensure that any 
score produced by the model reflects the desired balance among the output cards and among the input 
cards. 

max   ௨,௩ ௢ݖ ൌ ∑ ௥௥ݑ  ,௥೚ݕ
subject to 
∑ ௜௜ݒ ௜೚ݔ  ൌ 1, 
∑ ௥௥ݑ ௥௝ݕ െ ∑ ௜௜ݒ ௜௝ ൑ݔ 0,  ,݆׊
െ ∑ ௥௥ఢ ௢ೖݑ ௥௢ݕ ൅ ௢ೖܮ ∑ ௥௥ݑ ௥௢ݕ ൑ ݇׊       ,0 ൌ 1, … . ,  ,ைܭ
∑ ௥௥ఢ ௢ೖݑ ௥௢ݕ െ ܷ௢ೖ

∑ ௥௥ݑ ௥௢ݕ ൑ ݇׊       ,0 ൌ 1, … . ,  ,ைܭ
െ ∑ ௜௜ఢ ூೖݒ ௜௢ݔ ൅ ூೖܮ ∑ ௜௜ݒ ௜௢ݔ ൑ ݇׊       ,0 ൌ 1, … . ,  ,ூܭ
∑ ௜௜ఢ ூೖݒ ௜௢ݔ െ ூܷೖ

∑ ௜௜ݒ ௜௢ݔ ൑ ݇׊       ,0 ൌ 1, … . ,  ,ூܭ
,௥௢ݕ ௥௝ݕ ൒ ,ݎ׊     0 ݆, 
,௜௢ݔ ௜௝ ൒ݔ ,݅׊     0 ݆.   

 
 
 
 

(11)

 

4.3.3 Fuzzy BSC-CCR model 

The mathematical formulation given by Eq. (11) under the condition that inputs and outputs 
coefficients are constants. However, there are many cases where we have data with uncertainty and 
one alternative to handle the uncertainty is to use fuzzy numbers as follows,  

 
 
 
 
(12) 

max   ௨,௩ ௢ݖ ൌ ∑ ෤௥௥ݑ  ,௥೚ݕ
subject to 
∑ ෤௜௜ݒ ௜೚ݔ ൌ 1, 
∑ ෤௥୰ݑ ௥௝ݕ െ ∑ ෤௜௜ݒ ௜௝ ൑ݔ  ,݆׊    0
െ ∑ ෤௥௥ఢ ௢ೖݑ ௥௢ݕ ൅ ௢ೖܮ  ∑ ෤௥௥ݑ ௥௢ݕ ൑ ݇׊     0 ൌ 1, … . ,  ,݋ܭ
∑ ෤௥௥ఢ ௢ೖݑ ௥௢ݕ െ ܷ௢ೖ  ∑ ෤௥௥ݑ ௥௢ݕ ൑ ݇׊     0 ൌ 1, … . ,  ,݋ܭ
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െ ∑ ෤௜௜ఢ ூೖݒ ௜௢ݔ ൅ ூೖܮ  ∑ ෤௜௜ݒ ௜௢ݔ ൑ ݇׊     0 ൌ 1, … . ,  ,ூܭ
∑ ෤௜௜ఢ ூೖݒ ௜௢ݔ െ ூܷೖ ∑ ෤௜௜ݒ ௜௢ݔ ൑ ݇׊     0 ൌ 1, … . ,  ,ூܭ
,௥௢ݕ ௥௝ݕ ൒ ,ݎ׊     0 ݆, 
,௜௢ݔ ௜௝ ൒ݔ ,݅׊     0 ݆,   
where ݒ෤௜ ൌ ሺݒ௜

௟, ௜ݒ
௠, ௜ݒ

௥ሻ and ݑ෤௥ ൌ ሺݑ௥
௟ , ௥ݑ

௠, ௥ݑ
௥ሻ are triangular fuzzy numbers. Using Eq. (12) and Eq. 

(7), we have the following,  

max௨,௩ ∑ ௥ݑ
௠

௥   ௥೚ݔ 
subject to 

∑ ሺߙ ሺ௩೔
೗ା௩೔

೘

ଶ௜  ሻ ൅ ሺ1 െ ሻሺ௩೔ߙ
ೝା௩೔

೘

ଶ
ሻሻ ݔ௜೚ ൌ 1,    

∑ ሺߙ ሺ௨ೝ
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5. Case study 

For many decades, the government managed banking system in Iran and there was not much 
competition among them. In 2000, the central bank of Iran decided to increase completion in banking 
sectors and issued permission for private sector to establish banks in this country. Bank Saman is 
believed to be the first private bank, which started its work in early years of 2000. There are different 
actions to increase the efficiency of banks in this country. Some of the most important ones are as 
follows,    

• Respect to customers, 
• Explicit information, 
• Expansion of electronic banking, 
• Competition among banks, 
• Creation of occupations, 
• Variety in profitability and introduction of new saving accounts. 

 

In addition, the main reasons, which cause more development of private banks' activities are as 
follows,  

• Bank rules changing compatible by private banks activities, 
• Government altitude change to private banks from executive to super visional,  
• Training bases of banking regime compatible by private banks activities,  
• Elimination unequal conditions in competition among banks,  
• Training and providing young human resources in scientific and academic centers compatible 

by private banking bases.  
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In this paper, we focus our attention on the first private bank called Saman bank's activities including 
credit, monetary and financial services and engagement in different economical sectors with real and 
legal personalities. The following are some of the most important items,   

• Increasing expectation about Bank Saman for undertaking main economic role in country, 
• Activity intensification in different forms,  
• Lack of occupation approach for bank personnel, 
• Lack of pattern for branches site selection, 
• Development of international and currency activities. 

 

As we explained earlier, there are four major banks, which are candidates for a possible alliance with 
bank of Saman. Thus, we implement an integrated CCR and BSC method using fuzzy theory such 
that by using Delphi method, criteria considered by experts for making business alliance in electronic 
banking field are provided. The following summarizes the necessary steps and actions executed for 
the proposed model of this paper.  

5.1 First step: determination alternatives of a business alliance 

In this step, four commercial banks are presented for making a strategic alliance with Bank Saman 
(A1) in electronic banking field, which are Bank Parsian (A2), Bank Pasargad (A3), Bank Eghtesad 
Novin (A4) and Bank Sarmayeh (A5).  

5.2 Second step: determination criteria for selection of the best business alliance 

In this step, criteria for selection of the best business alliance are presented. In this research by using 
Delphi method, ten main criteria and fifty sub criteria are introduced, ten main criteria for evaluation 
and selection of business alliance are: 

Resource equipment management (C1) Bank income and profitability (C6) 

Bank executive management (C2) Resource allocation management (C7) 

Manpower (C3) Branches efficiency (C8) 

Bank interior process (C4) E-banking (C9) 

Marketing activity (C5) Service (C10) 

The first main criterion, C1, includes four sub criteria, which are cheap save to all saves, expensive 
save to all, saves growth and share of bank system. The second major criteria, C2, incorporates five 
criteria, which are bank affair management, debt and property management, motivation, supervision 
and control and forecasting business activities.  The third main factor, C3, consists of five sub criteria, 
which are staff behavior to customers, staff professional knowledge, staff deposit per capita in bank, 
staff facility per capital in bank and the ratio of educated staff to all. The fourth main criterion, C4, 
contains three sub-criteria, which are continuous process, the usage of advanced automated 
technology and having standard procedures. The fifth main item, C5, incorporates five activities, 
which are long term relationship with customers, market separation, individual sales management, 
increase in sale by promotion plans, detecting other banks' special activities. The sixth criterion, C6, 
includes four items, which are profit margin, revenue to total asset ratio, return of equity, the ratio of 
cost to revenue. The seventh criterion, C7, includes the ratio of unpaid loans to the total amount of 
loans, the increase ratio of loans given to customers, the decrease ratio on unpaid loans, ownership 
ratio, the ratio of given loans to investment, the ratio of bank's loan from all loans. The eighth 
criterion, C8, consists of four sub criteria, which are physical position of the bank and its competitive 
advantages, profit per capita of branches, deposit per capita of branches, the amount of loans given to 
customers per capita. The ninth criterion, C9, has 12 sub-criteria, which are the number of 
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transactions of each automated banking teller (ATM), the number of transactions of each position 
sells (POS), the ratio of debit cards to POSs, the ration of successful transaction to all transactions, 
the ratio of debit cards to ATMs, the average cash payment of each POS, the average amount of each 
transactions for each POS,  the average amount of each transactions for each ATM and the average 
amount of transaction for each ATM. Finally, the last criterion, C10, consists of service variation and 
innovation.  

5.3 Third step: how to select DMs and their relevant marks to criteria 

A total of 25 experts contributed their personal experiences, 20 of them are senior managers from the 
commercial banks in Iran and 5 experts are scholars who major in strategic management. 

     ሻݔ஺෨ሺߤ                                       

 

Fig. 3. Triangular fuzzy numbers between [0,1]. 

Table 2 summarizes how to mark criteria and sub criteria by DMs based on Fig. 3.  

Table 2                                                                                                                           
Definitions of linguistic variables for the importance of each criteria and sub criteria 

(0,0,0.2) Very poor(VP) 
(0.1,0.3,0.5) Poor(P) 
(0.3,0.5,0.7) Medium(M) 
(0.5,0.7,0.9) Good(G) 
(0.8,1,1) Very Good(VG) 

 

5.4 Fourth step: classification of criteria in DEA and BSC models 

In Table 3, the main criteria in four aspects of BSC have been presented for inputs and outputs of 
CCR model. 

 
Table 3 
Determination of main criteria in BSC and DEA models 

Output Input 

customerInterior 
processes 

Learning  
and maturityFinancialcustomer Interior 

processes 
Learning  
and maturity Financial 

C10 C8, C9 C7 C6 C5 C4 C2, C3 C1 
 

0  0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1 

1 

x
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5.5 Fifth step: grading alternatives upon criteria based on triangular fuzzy numbers 

In this step, sum of fuzzy numbers for all alternatives are calculated based on its criteria presented in 
Table 5. In this table, the number of ten criteria is calculated for every alternative based on the criteria 
of DEA model and by using Eq. (5). In addition, this method is used for completion of Table 6 and 
only difference is considering output criteria of DEA model in this Table. 

 

Table 5 
Triangular fuzzy numbers assigned to alternatives based on input criteria in DEA model 

C5 C4 C3 C2 C1  
(0.28,0.49,0.74) (0.22,0.47,0.72) (0,0.22,0.62) (0.18,0.58,0.82) (0,0.75,1) A1 
(0.1,0.37,0.62) (0.08,0.36,0.62) (0,0.16,0.52) (0.13,0.33,0.5) (0,0.45,0.1) A2 
(0,0.22,0.52) (0.04,0.31,0.66) (0,0.15,0.5) (0,0.2,0.7) (0,0.3,1) A3 

(0.08,0.34,0.69) (0.01,0.28,0.58) (0,0.2,0.7) (0.01,0.23,0.43) (0,0.5,1) A4 
(0.08,0.45,0.76) (0.02,0.21,0.5) (0,0.2,0.7) (0.04,0.24,0.48) (0,0.55,1) A5 

C10 C9 C8 C7 C6  
(0.38,0.54,0.7) (0,0.76,1) (0.3,0.71,1) (0,0.7,1) (0,0.1,0.2) A1 
(0.38,0.54,0.7) (0,0.82,1) (0.32,0.79,.1) (0,0.5,1) (0,0.7,1) A2 
(0.74,0.86,0.98) (0,0.9,1) (0.74,0.89,1) (0,0.89,0.9) (0,0.7,1) A3 
(0.41,0.61,0.78)(0,0.69,1)(0.34,0.8,1)(0,0.8,1) (0.1,0.6,0.9) A4 
(0.22,0.5,0.74) (0,0.73,1) (0,0.38,0.9) (0,0.4,1) (0,0.3,0.9) A5 

 

Sixth step: solving the model and selection of optimum business alliance 5.6  

Using Eq. (13) and the fuzzy numbers given in Table 5 yields the optimal solution given in Table 6.  
 
Table 6 
The results of the optimal solution for different values of lower and upper bounds 
Alternative α LO,LI UO,UI Efficiency Rank α LO,LI UO,UI Efficiency Rank 
A1 0.1 0.1 0.9 0.473 5 0.1 0.2 0.8 0.35 5 
A2 0.1 0.1 0.9 0.819 3 0.1 0.2 0.8 0.73 2 
A3 0.1 0.1 0.9 1 1 0.1 0.2 0.8 0.99 1 
A4 0.1 0.1 0.9 0.797 4 0.1 0.2 0.8 0.64 3 
A5 0.1 0.1 0.9 0.825 2 0.1 0.2 0.8 0.63 4 
 
We first chose 0.1 for LO,LI and 0.9 for UO,UI and second we chose 0.2 for LO,LI and 0.8 for UO,UI. 
Columns five and six of Table 6 demonstrate the results of the ranking for the first set of data and the 
last two columns show the ranking using the second data. As we can see, the third alternative, 
Pasargad bank, comes first in terms of ranking for both set of data and Saman bank comes the 
weakest in terms of the ranking in both cases. Our investigation also confirm the results we obtained 
since bank of Pasargad uses better resource allocation, electronic services and electronic banking 
systems compared with bank of Saman. 
 

6. Conclusion 

In this paper, we have presented a BSC-DEA based model to indentify strengths, weaknesses, 
opportunities and threats of a financial firm from banking sector. The proposed model of this paper 
assumed there are various uncertainties associated with all input/output parameters and used fuzzy 
numbers to handle the uncertainties. We also considered a real-world case study of banking industry 
where four major banks were possible candidates of a partnership and implemented the proposed 
model of this paper for this case study. The results of this study showed that the relative efficiencies 
of different banks, which helped us detect the most efficient bank for possible alliance. The results 
also indicated that the case study of this paper, bank of Saman, performed poorly compared with 
other alliance candidates in terms of using the recent advances of high technology.  
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