
287 

 

Paper ID: IE-15 

A Hybrid Fuzzy AHP and TOPSIS Method for Analyzing the Performance of 

Public Commercial Banks: A Case Study on Bangladesh 
Md Monjur Hossain, Md Rafiul Islam, Md. Zahidul Islam 

Department of Industrial & Production Engineering,  Rajshahi University of Engineering & 

Technology 

Email: monzoor.ruet@gmail.com   

Abstract 

The banking sectors of Bangladesh are categorized into two major types, first of all the government /public bank and 

non-government bank. Thousands of people invest their capital in this sector every year. So the performance 

evaluation is mandatory for choosing the appropriate bank for every investor. The performance of any bank presents 

the mirror outline of the financial and economic conditions. Our goal is to evaluate the performance of the public 

banking sector of Bangladesh based on Fuzzy AHP and Fuzzy TOPSIS. Fuzzy is reconciled in AHP and TOPSIS to 

find a more precise decision than any other decision-making tool. At first we use Fuzzy Analytic hierarchy process 

(AHP) to find the precise weight criteria and then we use TOPSIS to get the rankings of the public banks of 

Bangladesh. 
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1.1 Introduction. 

A monetary organization that deposit money of people and invest that money to earn surplus. Some bank also provides 

services likes as wealth management system, currency exchange, etc. Bank has a great effect on country’s economy 

by banking activities. In a single day million-million transaction occurs within a country. Bangladesh does not deviate 

from the pathway. Activities of every industry, company are depended on banking sector. Moreover in perspective of 

GDP growth rate, banking sector plays a vital role in the economy of Bangladesh. Banks of Bangladesh are regulated 

by Bangladesh Bank. In Bangladesh banks are divided into two categories. They are the state-owned banks (SOBs) 

and private commercial banks (PCBs). State-owned banks (SOBs) are also called public banks. These banks are fully 

or majorly owned by government. There are 9 public banks in Bangladesh, among them 6 banks are commercial and 

3 banks are for specific objectives. We have worked on six commercial public banks and they are Rupali Bank, Agrani 

Bank, Sonali Bank Limited, Janata Bank Limited, Basic Bank Limited, and Bangladesh Development Bank. Our 

objective is to help an investor to select the right and suitable bank. For finding the best alternative we have used a 

combined method. The method is consists of Fuzzy Analytical Hierarchical Process (FAHP) and Technique for Order 

Preference by Similarity to Ideal Solution (TOPSIS). By using FAHP we have measured the criteria weight, then we 

have used this criterion weight in TOPSIS to find the best bank for the investor. In this paper, after introduction we 

have summarizes existing literature of different methodologies for analyzing the performance of banking sector. Then 

we have explained multi-criteria decision-making problem. Then we have introduced a Fuzzy set theory, AHP, and 

TOPSIS. At last we have explained our result and recommended for future work.  

2. Literature Review. 

In the literature, many authors have used multi-criteria decision-making methods and other tools to evaluate the 

financial performance of the banking sector.  A prediction on bank performance with financial forecasts was developed 

by using data envelopment analysis[1]. In this study the DEA (Data Envelopment Analysis) approach has been used 

as a tool for evaluating accomplishments of the past performances. The results highlight the status of the operational 

performance and are helpful for planning future activities for improving the performance. However, this evaluation 

might be a little late for an unsuccessful unit to find its weaknesses and make the appropriate amendments. In this 

paper they have predicted the performance of the commercial banks in Taiwan based on the forecasted financial data 

via DEA. Fuzzy multi-criteria decision-making methods were used for evaluation of financial performance of Turkish 
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manufacturing industries[2]. The aim of this study was to propose a new evaluation approach by using both AFP 

(accounting-based financial performance) and VFP (value-based financial performance) measures together to rank the 

companies in a considered sector in the Turkish manufacturing industry. These companies were evaluated by using 

the 2007 data obtained from Istanbul Stock Exchange (ISEFuzzy DEA (Data Envelopment Analysis) model was used 

with undesirable fuzzy outputs and its application to the banking sector in India[3]. They have proposed FDEA-UFO 

methodology on the banking sector in India and to measure the average efficiencies of public sector banks (PuSBs) in 

India and their categories, namely, Nationalized banks (NBs) and State Bank of India and its associates (SBI group) 

for the period 2009–2011. By using the application of Fuzzy AHP Approach for Financial Performance Evaluation of 

Iranian Petrochemical Sector[4]. In their working they have applied fuzzy AHP model for performance evaluation of 

Iranian petrochemical industry based on financial index. Using CAMEL ratio the performance of the banking sector 

in Bangladesh have evaluated [5].  Fuzzy DEA Approach was used for Cost and Revenue Efficiency Measurements 

in the Presence of Undesirable Outputs and Its Application to the Banking Sector in India[6]. 

 

3. Methodology. 
 

    3.1 Making Fuzzy Pairwise Comparison Matrix  
This paper proposes the fuzzy cognitive pairwise comparison for ranking and grading clustering to make a ranking of 

the banks. The fuzzy number enables rating flexibility for the users to handle rating uncertainty. The fuzzy cognitive 

pairwise comparison (FCPC) is used to evaluate consumer preferences for multiple features of a product by pairwise 

comparison ratings. The fuzzy grade clustering (FGC) is used to group the product alternatives into different consumer 

preference grades. To verify the validity and applicability of FCPC-RGC, a banking system is used to make the 

decision and demonstrated how the system is able to help the consumers to recommend choosing the suitable bank 

according to the customers’ individual preferences. 
 

   3.2 Fuzzy Set Theory 

The fuzzy sets theory was developed by Zadeh in 1965 [7], on the basis of fuzzy logic. The logic is not confined within 

true or false. This is a fruitful system for mathematical narration of uncertain evaluation. It is a suitable tool for 

reinforcement the decision-making process more accurately. It is a scientific approach to real problems that are related 

to subjective and imprecise judgments of human for decision making process. Human generally evaluates an uncertain 

condition by some qualitative terms such as “equal”, “weak”, “fairly strong” “very strong” and “absolute”. Therefore, 

the application of the fuzzy set theory is to evaluate uncertainty by expressing the qualitative terms to quantitative 

data. That’s why fuzzy set theory is more efficient approach compared to traditional binary set theory to reflect the 

real world. It is the most suitable tool for analysis, whenever study findings contain a clear component of linguistic in 

terms of imprecise measurement [7]. Fuzzy set theory is based on fuzzy sets that express a class of objects with a 

degree of membership [8].  
 

    3.3 Fuzzy AHP 
The ‘fuzzy AHP’ which is the combination of AHP with fuzzy logic, is a more popular methodology to evaluate 

uncertainty. In fuzzy AHP entries of the pairwise comparison matrices are represented by the form of fuzzy numbers. 

A function μ : R → [0, 1] is a fuzzy number if and only if there exists an x0 such that μ(x0) = 1 and all the upper-level 

sets of μ are convex, i.e. the set {x ∈ R |μ(x) ≥ α} is convex for all 0 < α ≤ 1. A real interval can be treated as a fuzzy 

number; considering the interval [a, b] ⊂ R, then the value of its membership function is 1 for all x ∈ [a, b] and 0 [7] 

otherwise, The fuzzy AHP draws from fuzzy set theory which is introduced by Zadeh in 1965 and described  in the 

outstanding monographs by Klir and Yuan in 1995 and Dubois and Prade in 1994A triangular fuzzy number is defined 

by the following function (1)- 

 

                                 µ(x) =                                                                          (1) 

 

With aL  ≤ aC ≤ aR. Observe that there exists a one-to-one correspondence between triangular fuzzy numbers and 

triples a = (aL, aC, aR) with aL ≤ aC ≤ aR. [7]. The shape of a triangular fuzzy number might be like as a probability 

distribution, just with the normalization such that the area subtended by the curve is equal to one replaced by the term 

sup x∈R μ(x) = 1. According to Klir the value 1 − μ(x) can be expressed as the degree of surprise to reveal that x is 

0,                               x ≤ aL 

(x-a)/(b-a),           aL ≤ x ≤ aC 

(c-x)/(c-b),            aC ≤ x ≤ aR 

0,                               x ≥ aR 
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the ‘true’ value of the variable under observation [7]. For practical purposes, it is common to explain the three values 

aL, aC, aR by a triangular fuzzy number as the smallest possible, the most likely, and the greatest possible values for 

the uncertain quantity under study. Whole arithmetic functioning has been exhibited to perform operations on fuzzy 

sets and fuzzy numbers. At first van Laarhoven and Pedrycz in 1983 shows the operations of addition (⊕), 

multiplication (⊗), logarithm (eln), inversion, and power of  fuzzy AHP [7], as follows, respectively by the equation 

(2), (3), (4), (5), (6)- 

 

 

 

 

The primary issue of fuzzy pairwise comparison matrix is to derive the priority vector, and one straightforward advent 

could be that of using these operations on matrix with triangular fuzzy entries, i.e. ˜A = (˜aij) n×n = aij
L, aij

C,aij
R), in the 

same way their corresponding operations were used with pairwise comparison matrices. We should focus on finding 

a suitable priority vector for a fuzzy pairwise comparison matrix. 

 3.5. Fuzzy Geometric Mean 

Fuzzy geometric mean can be obtained by Buckley, Fuzzy geometric mean method which is introduced in 1985. From 

the fuzzy pairwise comparison matrix ˜A = (˜aij) n×n = aij
L, aij

C,aij
R), we can get out geometric mean value ˜B = (˜rij) n×1 

= (ri1
L, ri1

C,ri1
R).                    Where, 

ri
L=(∏j=1

j=n aij
L)^1/n 

ri
C=(∏j=1

j=n aij
C)^1/n 

ri
R=(∏j=1

j=n aij
R)^1/n 

  3.6. Fuzzy Weight 

Fuzzy weight can be obtained by using a geometric mean. This method is initiated by Buckley in 1985. According to 

his method, the components of the priority vector are fuzzy numbers and can be obtained by an extension of the 

geometric mean method. Namely, the priority vector appears as w = (w1, w2 . . . ,wn)T, where the components wi = 

(wi
L

, wi
C, wi

R) themselves are triangular fuzzy numbers. By this method, the priority vector with triangular fuzzy 

components are obtained from the equation (7),(8),(9); 

 wi
L =

ri
L

∑ ri
Li=j

i=1

   (7)    wi
C =

ri
C

∑ ri
Ci=j

i=1

    (8)     wi
R =

ri
R

∑ ri
Ri=j

i=1

       

3.7. TOPSIS 

TOPSIS represents a classical multi-criteria decision-making method. This method ranks alternatives according to 

their distance. From the so-called positive ideal solution (PIS) and negative ideal solution (NIS). PIS represents a 

solution that maximizes the benefit criteria and minimizes the cost criteria, while NIS has the opposite logic, i.e. it 

maximizes the cost criteria and minimizes the benefit criteria [8]. The TOPSIS method takes into account both PIS 

and NIS distances, whereby the optimal alternative is the one that is in geometric terms the closest to PIS, and the 

farthest from NIS [8]. The ranking of alternatives is based on the relative similarity to the ideal solution, which avoids 

the situation of the alternative having the same similarity to both PIS and NIS. The PIS is defined using the best rating 

of the values of the alternatives for each individual criterion; conversely, the NIS represents the worst values of the 

alternatives' ratings. The terms “best” and “worst” are interpreted for each criterion separately, according to whether 

maximization or minimization of criteria is in question. The TOPSIS methodology presented by Hwang and Yoon 

(1981) consists of the following steps: 

Step 1. The decision matrix is normalized through the expression (10)-               (10) 

 

Step 2. A weighted normalized decision matrix is obtained by multiplying the normalized matrix with the   weights 

of the criteria:                                                                                                                                                (11) 

Step 3. PIS (maximum value) and NIS (minimum value) are determined from the pairwise matrix.(12),(13)- 

                           (12)        (13)  

Xij
′ =  

xij

√∑ xij
2n

j

 

vij =  𝑋𝑖𝑗
′  ×  wij 

Si
+ = [ (Vij

m

j=1

−  Vj
+)^2]^0.5 Si

− = [ (Vij

m

j=1

−  Vj
−)^2]^0.5 

a ⊕˜b =(aL + bL, aC + bC, a R+ bR)                                                            (2)                    

˜a ⊗˜b ≈(aL – bL, aC – bC, aR – aR)                                                            (3) 

ln ( aL, aC, aR) ≈ lnaL, lnaC, lnaR                                                                 (4) 

a-1 ≈ ( 
1

aR
, 
1

aC
, 
1

aL
 )                                                                                        (5) 

e( a
L,aC,aR) = (ea

L
, ea
C
, ea
R
 )                                                                       (6) 

 

(9) 
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Step 5. The performance index each alternative (Pi
+) is calculated by applying Expression (14)  

 (14) 

Step 6. At the end of the analysis, the ranking of alternatives is made possible by comparing the Pi
+ values. 

4. Calculation of the FAHP and TOPSIS method in the evaluation of the financial parameters 

of the banking sector 

The data has taken into account for the modeling include the entire banking sector of Bangladesh. The study utilized 

the financial data for the six public banks that are operating in Bangladesh. Eight criterions i.e. financial parameters 

have taken into consideration:  Total assets, net profit, liquidity, liabilities, earning per share (EPS), net interest income 

(NII++), profit after tax, loan classification. The model was constructed by combining two methods of multi-criteria 

decision making: the Fuzzy Analytic Hierarchy Process — Fuzzy AHP and the Technique for Order Performance by 

Similarity to Ideal Solution — TOPSIS. The Fuzzy AHP methodology has applied first in order to obtain the weight 

vectors for each criterion. The Fuzzy AHP procedure can be expressed on the basis of two phases: 

Phase I: Defining the basic criteria in relation to our goal. Our goal of the research is to identify the “Evaluation of 

the financial parameters of public banks”. Eight criterions i.e. financial parameters have taken into consideration:  

Total assets, net profit, liquidity, liabilities, earning per share (EPS), net interest income (NII++), profit after tax, loan 

classification Movement of Equity criterion is the basis for evaluating the performance of banks. We have taken our 

data for six banks from audit report of the six government bank such as Rupali Bank [9], Sonali Bank [10], Agrani 

Bank [11], Janata Bank [12], Basic Bank [13], Bangladesh Development Bank. It is shown in the Table: 4.1 (all the 

values are in BDT). 

Table 4.1:  Data table for the six public banks according to nine criteria. 

 

Phase II:  The priority weights of each criterion are calculated by applying the Fuzzy AHP method. The comparison 

of criteria has made easier for the experts by using a Linguistic scale of importance [8]. As human speech is 

characterized by verbal expressions, it is natural to represent people's attitudes by way of linguistic terms. Fuzzy AHP 

method uses a scale that is composed of linguistic variables whose values are not numbers but words. Linguistic 

variables can be specified and mapped to fuzzy numbers. In this case, we use a scale of five linguistic terms: Equally 

important, weakly more important, strongly more important, very strongly more important, absolutely more important 

Table 4.2. 

Table 4.2: Relative Scale of Importance. 

 

 

 

 

 

  Asset 
NP before 

tax 
NII EPS Liability Equity 

P After 

Tax 
Loan 

Rupali Bank 5.729E+12 867340000 1.244E+09 34 3.695E+10 1.338E+09 8.763E+09 1.406E+11 

Sonali Bank 1.24E+12 9.574E+09 1.523E+09 18.5 8.349E+11 6.59E+10 7.092E+09 4.232E+11 

Agrani Bank 6.739E+11 8.13E+09 4.35E+09 32.6 6.332E+10 4.074E+09 6.76E+09 3.191E+11 

Janata Bank 8.06E+11 4.21E+09 4.052E+09 14 4.14E+11 5.136E+10 2.687E+09 4.596E+11 

Basic Bank 1.988E+11 6.742E+09 188146934 6.3 1.849E+11 1.391E+10 6.844E+09 6.161E+10 

Bangladesh 

Development 

Bank 

1.73E+12 5.905E+09 2.271E+09 21.1 3.068E+11 2.732E+10 6.429E+09 2.808E+11 

Linguistic scale for importance Triangular 

fuzzy scale 

Triangular fuzzy 

reciprocal scale 

Equally important (1/2, 1, 3/2) (2/3, 1, 2) 

Weakly more important (1, 3/2, 2) (1/2, 2/3, 1) 

Strongly more important (3/2, 2, 5/2) (2/5, 1/2, 2/3) 

Very strongly more important (2, 5/2, 3) (1/3, 2/5, 1/2) 

Absolutely more important (5/2, 3, 7/2) (2/7, 1/3, 2/5) 

Pi
+ =  

Si
−

Si
+ + Si

− 
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We have made a survey to make a priority ranking of the criteria that we have chosen for our study. Table 4.3 describes 

the rank of the criteria which were made by the counsel of some financial experts. This rank further helps us to 

calculate the fuzzy weight of each criteria. 
 

Table 4.3: Priority Ranking of the Criteria. 

 

 

 

 

 

 

 
 

4.1 Fuzzy Triangular membership pair-wise comparison matrix 
When comparing linguistic criteria with a financial expert selects a linguistic variable that best suits the importance 

of the criteria. Then, each variable in the scale is represented to a triangular fuzzy number, which means that each 

variable has three values. Table 4.1.1 shows the fuzzy comparison matrix for eight basic criteria. 

 Table 4.1.1: Fuzzy Triangular membership pair-wise comparison matrix  

 

Under the equal importance, we mean the bank's assets financed by own capital, and Sources are the bank's assets 

financed by their own and external capital. After determining the weight vectors of the criteria using FAHP we get 

weight for various criteria which is shown in Table 4.1.2. 

    Table 4.1.2: Criteria Weight after FAHP 

 

We propose the use of the TOPSIS method which allows for the ranking of banks based on the financial criteria. The 

first step in the TOPSIS calculation is the normalization of the decision matrix. The normalized matrix is then 

multiplied by the Fuzzy AHP weight vectors of the criteria, the result of which is a weighted normalized matrix. The 

Criteria Rank (out of 10) 

Asset 7 

Net Profit before Tax 5 

Net Interest Income 5 

Earn per Share 4 

Liability 5 

Equity 5 

Profit after Tax 5 

Loan 7 

 Asset NP before 

tax 

NII EPS Liability Equity P After 

Tax 

Loan 

Asset 1/2,1,3/2 1, 3/2,2 3/2,2,5/2 2, 5/2,3 1, 3/2,2 1, 3/2,2 5/2,3,7/2 1/2,1,3/2 

NP 

before 

tax 

1/2,2/3,1 1/2,1,3/2 1/2,1,3/2 1, 3/2,2 1/2,1,3/2 1/2,1,3/2 3/2,2,5/2 1/2,2/3,1 

NII 2/5,1/2,2/3 2/3,1,2 1/2,1,3/2 1/2,1,3/2 2/3,1,2 1/2,2/3,1 1, 3/2,2 1/3,2/5,1/2 

EPS 1/3,2/5,1/2 1/2,2/3,1 2/3,1,2 1/2,1,3/2 2/5,1/2,2/3 2/5,1/2,2/3 1/2,1,3/2 1/3,2/5,1/2 

Liability 1/2,2/3,1 2/3,1,2 2/3,1,2 2/5,1/2,2/3 1/2,1,3/2 2/3,1,2 1, 3/2,2 2/5,1/2,2/3 

Equity 1/2,2/3,1 2/3,1,2 1/3,2/5,1/2 2/5,1/2,2/3 2/3,1,2 1/2,1,3/2 3/2,2,5/2 1/2,2/3,1 

P After 

Tax 

2/7,1/3,2/5 2/5,1/2,2/3 1/2,2/3,1 2/3,1,2 1/2,2/3,1 2/5,1/2,2/3 1/2,1,3/2 2/7,1/3,2/5 

Loan 1/2,1,3/2 2, 5/2,3 3/2,2,5/2 1, 3/2,2 3/2,2,5/2 2, 5/2,3 5/2,3,7/2 1/2,1,3/2 

  Fuzzy 

Number 

 Weight 

Asset 0.18 0.20 0.23 0.20 

NP before tax 0.11 0.13 0.16 0.13 

NII 0.09 0.10 0.13 0.11 

EPS 0.08 0.07 0.09 0.08 

Liability 0.11 0.10 0.14 0.12 

Equity 0.10 0.11 0.15 0.12 

P After Tax 0.10 0.07 0.10 0.09 

Loan 0.23 0.22 0.00 0.15 

 

Si+ Si- 

Performance 

score Pi+ Rank 

Rupali Bank 0.16601559 0.191021 0.53501863 1 

Sonali Bank 0.156682525 0.028752 0.155050281 2 

Janata Bank 0.181879034 0.017487 0.087714831 3 

Bangladesh 

Development 

Bank 0.166051228 0.010296 0.058383828 4 

Agrani Bank 0.208885081 0.01284 0.057910617 5 

Basic Bank 0.237828876 0.003432 0.01422396 6 

Table 4.1.3: TOPSIS Result 
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next step with the TOPSIS method is to determine the shortest distance from the PIS and the farthest distance from 

the NIS. After that, by using PIS and NIS the performance score is calculated which shows the rank. 

 

6.1 Conclusion  

An efficient dynamism of the banking sector enables the marmoreal financial resources arbitration of an economy. 

Economic growth is contributed enormously by the aptitude of banking sector in resources procreation and its proper 

allocation. The flat and efficient operation of banking sector also helps to assuage risk of failure of an economy. 

Therefore, the performance of banking sector has evermore been a source of interest for researchers to comment about 

the economic condition of a country. Investors should be more dexterous about the condition of economy of country 

to make the matchless investment. But the uncertainty and complexity of the global market, as well as an increase in 

the flow of information, represent the greatest obstacles for precise measurement of performance. In such conditions, 

traditional performance measurements fail to obtain satisfactory results.  For that reason we have tried to give a model 

to the Regulators of the banking sector who monitors the performance of the banks to ensure efficient financial system. 

Our model is constructed by combining two methods of multi-criteria decision-making: Fuzzy AHP and TOPSIS. In 

the first phase, the priority weights of the criteria have determined using Fuzzy AHP, while in the second phase we 

have performed a ranking of the banks through the use of the TOPSIS method. Form the study we can conclude that 

among the six public banks of Bangladesh, Rupali bank is more vulnerable based on the nine criteria. In future this 

study can be performed by an entropy method or by an aggregated method called weighted aggregated sum product 

assessment (WASPAS).   

 REFERENCES 

[1] C. Kao and S. T. Liu, “Predicting bank performance with financial forecasts: A case of Taiwan commercial 

banks,” J. Bank. Financ., vol. 28, no. 10, pp. 2353–2368, 2004. 

[2] N. Yalcin, A. Bayrakdaroglu, and C. Kahraman, “Application of fuzzy multi-criteria decision-making methods 

for financial performance evaluation of Turkish manufacturing industries,” Expert Syst. Appl., vol. 39, no. 1, 

pp. 350–364, 2012. 

[3] J. Puri and S. P. Yadav, “A fuzzy DEA model with undesirable fuzzy outputs and its application to the banking 

sector in India,” Expert Syst. Appl., vol. 41, no. 14, pp. 6419–6432, 2014. 

[4] M. Shaverdi, M. R. Heshmati, and I. Ramezani, “Application of fuzzy AHP approach for financial 

performance evaluation of Iranian petrochemical sector,” Procedia Comput. Sci., vol. 31, no. Item, pp. 995–

1004, 2014. 

[5] M. A. Islam, M. H. Siddiqui, K. F. Hossain, and L. Karim, Performance Evaluation of the Banking Sector in 

Bangladesh: A Comparative Analysis, vol. 4, no. 1. 2014. 

[6] J. Puri and S. P. Yadav, “A Fully Fuzzy DEA Approach for Cost and Revenue Efficiency Measurements in 

the Presence of Undesirable Outputs and Its Application to the Banking Sector in India,” Int. J. Fuzzy Syst., 

vol. 18, no. 2, pp. 212–226, 2016. 

[7] A. Labib, Introduction to the Analytic Hierarchy Process. 2014. 

[8] K. Mandic, B. Delibasic, S. Knezevic, and S. Benkovic, “Analysis of the financial parameters of Serbian banks 

through the application of the fuzzy AHP and TOPSIS methods,” Econ. Model., vol. 43, pp. 30–37, 2014. 

[9] R. Bank, “Rupali Bank Annual Report 2017,” 2017. 

[10] S. Bank, “Sonali Bank Annual Report 2017,” no. Mm, pp. 1–18, 2017. 

[11] A. Agrani and B. Limited, “Agrani Bank Annual Report 2017,” 2017. 

[12] J. Bank, “Janata Bank annual Report 2017,” 2017. 

[13] Basic Bank, “Basic Bank Annual Report 2017,” 2017. 

 


