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Abstract: Evaluation of commercial banks (CBs) performance has been a
significant issue in the financial world and deemed as a multi-criteria deci-
sion making (MCDM) model. Numerous research assesses CB performance
according to different metrics and standers. As a result of uncertainty
in decision-making problems and large economic variations in Egypt, this
research proposes a plithogenic based model to evaluate Egyptian commercial
banks’ performance based on a set of criteria. The proposed model evaluates
the top ten Egyptian commercial banks based on three main metrics includ-
ing financial, customer satisfaction, and qualitative evaluation, and 19 sub-
criteria. The proportional importance of the selected criteria is evaluated by
the Analytic Hierarchy Process (AHP). Furthermore, the Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS), Vise Kriterijumska
Optimizacija Kompro-misno Resenje (VIKOR), and COmplex PRoportional
ASsessment (COPRAS) are adopted to rank the top ten Egyptian banks
based on their performance, comparatively. The main role of this research is
to apply the proposed integrated MCDM framework under the plithogenic
environment to measure the performance of the CBs under uncertainty. All
results show that CIB has the best performance while Faisal Islamic Bank and
Bank Audi have the least performance among the top 10 CBs in Egypt.

Keywords: Commercial banks; uncertainty; MCDM; AHP; TOPSIS;
VIKOR; COPRAS; hybrid systems

1 Introduction

Commercial banks are one of the financial establishments that act in a particular part of
the country’s financial system and economy [!]. It provides various financial services that help to
make the overall financial system more efficient. Usually, the main processes of financial banks
are making loans, taking deposits, and responding to interest rate variety to generate an efficient
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channel between saver and borrowers. That’s why the evaluation process of commercial banks is
very critical that should be applied by modern and accurate techniques to rank them to improve
their performance [2].

Certainly, to ensure an efficient economy and appropriate financial system, commercial banks’
performance must be measured and analyzed accurately using modern evaluation techniques.
Evaluation of commercial banks process based on a set of economic metrics that measure if
the bank has an advantage in some respects and disadvantages in others. It is notable that
commercial banks’ evaluation is not confined just by a regulator and bank management bodies
anymore, but also enhanced by clients to ensure the sustainability of the financial institutions.
Thus, the evaluation process results may increase the capability to improve commercial banks’
performance [1,2].

Plithogenic is a generalization of a neutrosophic set that reinforces the proposed model by
considering uncertainty and vague information. To perform the best evaluation of the top ten
Egyptian commercial banks, Analytic Hierarchy Process (AHP) was adopted to weight three main
financial metrics as well as 19 sub-criteria that have a direct influence on bank performance to
both bank management bodies and client.

This research aims to rank the top ten commercial banks in Egypt. At this point, three
MCDM techniques are adopted comparatively. Firstly, Vlse Kriterijumska Optimizacija Kompro-
misno Resenje (VIKOR) method efficiently solves detached resolution problems with inconsistent
criteria. Secondly, the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
method ranks alternatives based on the range of alternatives to the best and the worst solution.
Thirdly, COmplex PRoportional ASsessment (COPRAS) method supposes proportional depen-
dence of importance of alternatives according to a set of criteria. VIKOR, TOPSIS, and COPRAS
are used to measure the banks by considering their performance from different perspectives. The
contribution of this integrated framework is to rank the CBs using a more consistent and accurate
framework that deals with uncertainty based on the plithogenic set.

The organization of this research is given as follows: an overview of previous researches that
studied banks’ performance evaluation and MCDM techniques is presented in Section 2. Sec-
tion 3 includes information and definitions about the techniques and principles used in this work.
A performance evaluation framework based on plithogenic MCDM is explained in Section 4.
Section 5 shows the evaluation process of the top ten Egyptian banks. Finally, Section 6 concludes
this study.

2 Literature Review

2.1 Commercial Banks Performance Assessment

Performance evaluation is known as a process that monitors institution operations and mea-
sures whether it is attaining its goals. Banks’ performance evaluation is considered as a large
research area in banking based on evaluation metrics. To utilize the evaluation process, it is
significant to set group criteria that directly reflect banks’ performance [3]. These criteria may
be measurable or unmeasurable. For instance, net profit is viewed as measurable criteria, whereas
the degree of employee stability is unmeasurable criteria. The difficulty usually concentrated on
selecting the proper criteria while measuring the institution’s performance. In the field of bank-
ing performance measurement, many metrics may conclude through the evaluation process such
as profitability, productivity and effectiveness, human resource aspects, risk assessment, service
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evaluation, and financial management [4]. In this research, a group of financial, qualitative, and
customer satisfaction measures are considered.

2.2 Multiple-Criteria Decision-Making (MCDM )

Bank performance evaluation has several efficient MCDM techniques that may be used to
distinguish the financial institution according to their efficiency. In order to estimate the efficiency
of banks, Wanke et al. [5] adopted fuzzy Data Envelopment Analysis (DEA). Foreign and Turkish
banks’ performance was compared using TOPSIS and DEA by Bayyurt [6]. In addition, internet
banking evaluation is obtained using VIKOR method to consider the psychological behavior of
customers [7]. Moreover, Aghdaie et al. [§] proposed a hybrid approach for market segmentation
and market segment evaluation and selection. The proposed model can be considered an integra-
tion model of Data mining and MADM. Aras et al. [9] proposed a sustainability performance
evaluation model for Turkish banks based on TOPSIS. Recently, Roozbahani et al. [10] proposed
an Inter-basin water transfer planning with grey COPRAS and fuzzy COPRAStechniques. More-
over, using an integrated two-stage fuzzy approach proposed by Wanke et al. [11], the efficiency
of the banking industry in BRICS (Brazil, Russia, India, China, and South Africa) was analyzed
in a reliable manner. The main deficiency of these studies is not considering the uncertainty of
the evaluation process.

2.3 Performance Evaluation Criteria

Based on the literature review, three main criteria related to commercial banks performance
evaluation and 19 sub-criteria were summarized as follows:

A. Qualitative evaluation: measures human activities in a formal systematic way. Regarding
bank performance evaluation, qualitative evaluation includes support from shareholders,
ownership structure, market share, bank management, and employee constancy [12].

B. Financial metrics: financial performance metrics designate whether the institution’s opera-
tions are participating in bottom-line development. A selected group of financial metrics
defined as, Operating Expense Ratio (OER), Loan-to-Deposit Ratio (LDR), Liquidity
ratio, Cash and Cash Equivalents (CCE), Cash Flow from operating activity (CFO), Loan
loss provisioning, Revenue per employee, Return on Total Assets (ROTA), Debt-to-Equity
ratio (D/E), Deposits Time Capital, Capital adequacy ratio (CAR), and Non-performing
Loan (NPL).

C. Customer satisfaction: nowadays, every institution has a challenge that focuses on cus-
tomer preferences. This challenge is related to customer measurement of the institution’s
performance. These preferences may include service level, quality of product/service, time,
and cost. In bank performance evaluation, the customer perspective usually concludes
customer’s accessibility level, customer interesting rate, customer retention rate, number of
product and services, and internet banking evaluation [3].

3 Background Information
3.1 Plithogenic Set

In practice, data are usually uncertain and incomplete. To handle this issue, the neutrosophic
theory was introduced as a generalization of the intuitionistic fuzzy set [11]. The neutrosophic was
introduced by Smarandache [13]. The plithogeny was announced by Smarandache [14] as a gen-
eralization of neutrosophy that indicates genesis, establishment, improvement, and advancement
of new objects from syntheses of conflicting or non-conflicting multiple old objects. The main
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advantage of the plithogenic set, is a high consideration of uncertainty and vague informa-
tion [15]. The main two plithogenic set structures are contradiction degree and an appurtenance
degree. The function that distinguishes each attribute value (v) and the most preferred (domi-
nant (D)) is the contradiction degree function c(v, D). c(vl, v2) is ¢: Vx V — [0, 1], and satisfying
the following axioms:

e c(vl, vl) =0, no contradiction between the attribute values and itself.

e c(vl, v2) =c(v2, vl), contradiction degree between vl and v2 is the same as between v2

and vl.

Definition 1. Let a = (al, a2, a3) and h = (b1, b2, b3) be two plithogenic sets, their
operations are:

e Plithogenic intersection:
((air,aip,ai3), 1 <i<n) Ap((bi1,bin,bi3), 1 <i<n)

1 1
= ((ail AF bit, 3 (ap AFbp) + 5 (apVrbp),apVF bi3>> , l<izn. (1)
where, tnorm = AFb =ab, tconormaVv Fb=a-+ b — ab.

3.2 TOPSIS

TOPSIS method is a simple and useful MCDM method. The primary objective is to deter-
mine the exceptional alternative that has the shortest distance to the ideal positive solution (PIS)
and the longest distance to the ideal negative solution (NIS). Its stages as follows:

v' Build an evaluation matrix that measures the relationship between alternatives and corre-
sponding criteria.

v" Normalize the decision matrix using Eq. (2), and calculate weighted normalized decision
matrix using Eq. (3):

Xjj

R=(r; =7 b
() o) b

where x;; is the valuation of alternative i according to criterion j.

V= (05) e = Wi X 73 (3)

where w; is the weight of each criterion.

v Identify (PIS 4™) and (NIS A47):

At =TT, vt “4)

vt = {(maxl-v,j |je Jb) , (minivl-j |J € an) le[l,... ,m]} . &)

Afz{vl_,vz_,...,v;} (6)

Vo= {(minl-vij |je Jb) , (maxivij |J e an) le[l,... ,m]} . (7

where Jb is a set of beneficial criteria, and Inb is a set of non-beneficial criteria
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v/ Compute the distances of each alternatives form vt and v~, respectively as shown in
Egs. (8) and (9).

m
df = |y (Vi-Vih? ®)
N /=1
m
d7= |Y (Vi-Vi)? ©)
\ 7=t
v’ Calculate the closeness coefficient (CC) of each alternative according to Eq. (10):
CCi= 9 (10)
Cd—d

v/ Based on the results of CC;, rank the alternatives where the highest value is the
superior alternative.

3.3 Vlekriterijumsko KOmpromisno Rangiranje (VIKOR)

VIKOR is one of the MCDM useful and applicable methods to solve problems with
inconsistent criteria proposed by Opricovic [16]. Its phases are labeled as follows:

Step 1: Build the evaluation matrix of m alternatives and n criteria and then normalize it
according to Eq. (11):

(/;j)le’l =

Xjj
m 2
(VEEi)

Step 2: Determine the positive ideal solution f]* and negative ideal solution ]j.’. If f; is

(11)

beneficial criteria, then Jj* = max ,-j) and fj_ =min l]) Otherwise, if f; is non-beneficial criteria,
then fj* = min lJ) and fj_ = max ,;,~).

Step 3: Obtain the group utility S; and individual regret values R; according to
Egs. (12) and (13):

n * _fij
Si=Y wixl— (12)
j=1 J _ﬁ'
R; =max |:Wj * Jz _fijj| (13)
J 7

where w; is the weight of criteria.

Step 4: Calculate the concordance index Q; according to Eq. (14) and rank the alternatives in
descending order:

S; —S* R;— R*
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where, ST = max;S;, S* =min;S;, R~ =max;R; , R* =min;R;, and v € [0, 1] is the weight of the
strategy of maximum group utility. It’s value is usually 0.5.

Step 5: With regard to this rank, there are two requirements which should be met:
—Requirement 1 (acceptable advantage):

o()-e(1)=,: as)

“m-—1

where, in the Q ranking, Al is the first alternative and A2 is the second, and the number of
alternatives is m.

—Requirement 2 (acceptable stability): As the ranking of Q, in the ranking of S and R,
Almust be superior. A selection of compromised alternatives is suggested in the case of one
requirement not being satisfied:

1. If requirement 2 not convinced then, A' and 4% are a compromise solution
2. If requirement 1 not convinced then, A', 4%, ..., 4™, where A™ is determined by Eq. (16).

1
my __ 1 -
(A4™) Q(A)<m—l (16)
3.4 Complex PRoportional Assessment (COPRAS)

This method is introduced by Zavadeskas et al. [17] in order to compare alternatives and
define their priorities by considering the criteria weights. Its steps are described as follows:

Step 1: Arrange the evaluation of decision-makers of each alternative in the form of a
decision matrix. Then, normalize the decision matrix and calculate the weighted normalized matrix
according to Eqs. (17) and (18):

Xjj

A== sy an
( >l x?j
D= (x,-j)mxn =Wj X Xjj (18)

Step 2: Distinguish the criteria into beneficial and non-beneficial, and sum the weighted
normalized values as Eqs. (19) and (20):

n
Syi=) i (19)
j=1
n
S.i=Y v (20)
j=1

where, y;; and y_; are the weighted normalized values for the beneficial and non-beneficial
criteria, respectively.

Step 3: Compute the importance (weight) of each alternative using Eq. (21):
S_min- Yy S—i

S min
S X (S22)

Q=S4+ (21)
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where, S_,;;; i1s the minimum value of S_;. Note that the higher value of Q;, the higher priority
of alternative i.

Step 4: Calculate the quantitative utility for each alternative based on Q; using Eq. (22):

U= % 100% (22)

max

where, Oqx = max{Q;}

Step 5: Rank the alternatives based on their utility. The higher value of U; is the alternative
with higher priority.

4 The Proposed Method

The purpose of this study is to assess the performance of commercial banks with a high
consideration of uncertainty. To find the best approach to evaluate CBs performance, a plithogenic
based MCDM model is proposed. A group of useful MCDM methods is used in this model to
evaluate the performance efficiently. The main phases and steps of this model are discussed and
illustrated in Fig. 1.

Stage 1: Obtain evaluation information by integrating a group of evaluators who have knowl-
edge in banks management DM = {d|, d>, ..., di}. Define a decision-making problem aspect.
These aspects consist of a set of criteria which measure the commercial banks’ performance
C ={c1, ¢, ..., cy}, and the alternatives (commercial banks) that need to be evaluated A4 =
{ar, ar, ..., am}.

Stage 2: Construct the evaluation of alternatives.

Step 1: Construct evaluation matrices to assess alternatives according to the corresponding
criteria by decision-makers based on Tab. | that shows the triangular neutrosophic scale.

Step 2: Aggregate evaluation matrices provided by k& decision-makers using plithogenic oper-
ator as shown in Eq. (1). In this step, the contradiction degree of each criterion should be
considered in order to provide more accurate aggregation results.

Stage 3: Find the weights of criteria using the neutrosophic AHP method.

Step 1: Construct a problem hierarchy by defining the evaluation of commercial banks’
performance, main criteria, and the alternatives.

Step 2: Apply pairwise comparison.
Step 3: Aggregate pairwise comparison matrices as mentioned in Eq. (1).
Step 4: Calculate the consistency ratio (CR) using Eq. (23).

If CR is a maximum 0.1, then the level of consistency is adequate. Otherwise, the comparison
is inconsistent and the decision-maker is recommended to modify the comparison components to
recognize superior consistency [11].

CI
CR= = (23)
RI

where, CI = %, Amax 18 the mean of the weighted sum vector divided by the corresponding
criteria, and n is the number of criteria. RI is a random index assigned with the number of

suggested criteria being considered as shown in Tab. 2.

Step 5: Find the weight of the overall hierarchy.
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Stage 1

Stage 2

Obtain evaluation information:

[0 Define criteria, alternatives, and
decision-makers.

Construct evaluation matrices in order
to evaluate alternatives according to
corresponding criteria by decision-
makers.

Aggregate evaluation matrices using
plithogenic operator.

Stage 3

Find the criteria weights using neutrosophic AHP

Define the DMs construct Apply Check Find the
problem —> pairwise —p plithogenic > comparison .
hierarchy comparison aggregation consistency > weights

Stage 4
Rank alternative using TOPSIS,
VIKOR, and COPRAS

-

— v

N

Stage 4A

Stage 4B

Y N

Rank alternative using COPRAS

Stage 4C

Rank alternatives using
TOPSIS

Using aggregated matrix in

Rank alternative using VIKOR

Using aggregated matrix in
Stage 2

Using aggregated matrix in
Stage 2

.

Stage 2 '

1. Calculate weighted
normalized matrix

Determine PIS and NIS

1.

Calculate group utility and 2.

individual regret values

Calculated weighted
normalized matrix
sum the weighted
normalized values of

2.  Find the distance to PIS 3. Rank alternatives based on beneficial and non-
and NIS the concordance index beneficial criteria
3. Rank alternatives 4. Examine the 2 conditions 3. Rank alternatives according
according to closeness to find compromise to their importance and
coefficient solutions utility
Based on different ways of evaluation and different aspects, rank the alternatives >

Figure 1: Performance evaluation of the proposed model
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Table 1: Neutrosophic evaluation scale

Linguistic variable Triangular neutrosophic scale
Nothing (N) ((0.1, 0.3, 0.35), 0.1, 0.2, 0.15)
Very weak (VW) ((0.15, 0.25, 0.1), 0.6, 0.2, 0.3)
Weak (W) ((0.4, 0.35, 0.5), 0.6, 0.1, 0.2)
Equally (E) (0.65, 0.6, 0.7), 0.8, 0.1, 0.1)

Strong (S) ((0.7, 0.65, 0.8), 0.9, 0.2, 0.1)
Very strong (VS) (0.9, 0.85, 0.9), 0.7, 0.2, 0.2)
Absolute (A) ((0.95, 0.9, 0.95), 0.9, 0.1, 0.1)

Table 2: Saaty table for RI

N 1 2 3 4 5 6 7 8 9 10
RI 0 O 058 09 112 124 132 141 1.45 1.49

Stage 4: Using TOPSIS, VIKOR, and COPRAS, rank the alternatives (commercial banks)
according to their performance. Evaluation of CBs performance using these three MCDM meth-
ods include all diminutions of the problem and provides the decision-maker a wide range of
possibility to take the decision efficiently. To make the computations easier, a de-neutrosophication
is made for the aggregated evaluation matrix using Eq. (24).

S(a) =

%<a1+b1+c1>x(2+a—9—/3> (24)

Stage 44: Evaluation using the TOPSIS method:

1.
il.
1ii.
1v.

Calculate the weighted normalized matrix using Eqgs. (2) and (3). Criteria weights are
calculated using AHP in Stage 3, and the aggregated evaluation matrix in Stage 2.
Identify the PIS and NIS using Eqs. (4)—(7).

Find the distance to the PIS and NIS using Egs. (8) and (9).

Calculate the closeness coefficient using Eq. (10) in order to rank the commercial banks.

Stage 4B: Evaluation using the VIKOR method:

1.
il.
1ii.
1v.
V.

Normalize aggregated evaluation matrix in Stage 2 using Eq. (11).

Determine PIS and NIS based on the nature of the criteria if it is beneficial or non-
beneficial.

Calculate group utility S; and individual regret values R; using Eqs. (12) and (13).

In order to rank commercial banks, calculate the concordance index Q; using Eq. (14).
Examine the VIKOR’s two conditions to find compromise solutions using Eqs. (15) and (16).

Stage 4C: Evaluation using the COPRAS method:

1.

il
1ii.

Calculate the weighted normalized evaluation matrix found in Stage 2 using Egs. (17) and
(18). The weight is calculated using AHP in Stage 3.

Sum the weighted normalized values using Eqs. (19) and (20):

Compute the significance of each alternative using Eq. (21):
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iv. Calculate the quantitative utility for each alternative based on Q; using Eq. (22).
v. Rank the alternatives based on their utility.

5 Egyptian Commercial Banks Evaluation
5.1 Egyptian Top 10 Commercial Bank Evaluation

In the last five years, Egypt experienced major economic divergence at both local and global
levels which brings challenges for the economy and banking systems. According to the Central
Bank of Egypt (CBE), the Egyptian banking system includes 40 banks assorted as commercial,
non-commercial, public, and private [12]. CBE supervises all Egyptian banks.

Improving bank performance produces high profitability, increases banking system capacity,
and expands customer confidence. In this research, the performance of the Egyptian top 10
commercial banks in Egypt is evaluated. Evaluation of these 10 banks is applied according to
three main evaluation metrics that consider qualitative, financial, and customer satisfaction aspects.
The details of these criteria are already discussed in Section 2.3 in this research. This evaluation
is assisted by a group of three experts, having great knowledge in finance and banking issues.
The top commercial banks in Egypt are Alex bank, HSBC, QNB, CIB, Bank Audi, Banque de
Cairo, Arab International Bank, Faisal Islamic Bank, Credit Agricole Bank, and Banque Misr.
The proposed Plithogenic based MCDM model is applied to evaluate these 10 banks as follows.

Stage 1: Evaluation of commercial banks in Egypt is based on three main criteria, 19 sub-
criteria, and 10 alternatives that are clearly illustrated in Fig. 2.

Stage 2: Three decision-makers evaluate the 10 CBs according to the defined criteria as shown
in Tab. 3. These decision-makers have long experience in the banking field. Where they can judge
objectively the performance of banks in Egypt. Where their opinions on these banks’ performance
were gathered based on the criteria determined previously through a questionnaire. Measure the
performance of the listed commercial banks according to the defined metrics. The measurement
scale is Nothing (VWI), Very Weak (VW), Weak (W), Equally (E), Strong (S), Very strongly (VS),
absolute (A). For example, what is the level of customer accessibility at Bank Audi? What is
the level of consideration to the revenue per employee in CIB? And so on. Using plithogenic
aggregation operator, aggregated matrix as shown in Tabs. 4 and 5 is calculated.

Stage 3: This stage aims to use AHP to find the weights of criteria. In this stage, the pairwise
comparison is applied by the decision maker’s evaluation. The main criteria pairwise comparison
is shown in Tab. 6. Aggregation of the three decision maker’s comparison is shown in Tab. 7 based
on contradiction degree CD. Next, the aggregated pairwise comparison matrix is transformed into
crisp values using Fq. (24). Pairwise comparison is then calculated according to consistency ratio
CR. The overall weights are calculated using Tab. &.

Stage 4A: Rank the top 10 CBs in Egypt using the TOPSIS method. According to the
aggregated evaluation matrix in Tab. 5, rank the alternatives based on Egs. (3—10). The ranking of
10 CBs is shown in Tab. 9. Stage 4B: Rank the top 10 CBs in Egypt using the VIKOR method.
According to the aggregated evaluation matrix in Tab. 5, rank the alternatives were calculated
based on the values of S;, R; and Q;. This calculation is done using Eqs. (12)—(14) using and shown
in Tab. 10. Stage 4C: Rank the top 10 CBs in Egypt using the COPRAS method. According to
the aggregated evaluation matrix in Tab. 5, rank the alternatives based on the quantitative utility
for each alternative based on Q; using Eqgs. (17-22), and the results are shown in Tab. 11.
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Top 10 Egyptian commercial banks evaluation

-— V|

< N >
{ Qualitative evaluation (C.) [ Financial metrics (C.) ’ [ Customer satisfaction (C.)

C.,Operating Expense Ratio (OER)

C., Support from shareholders
C..Market share

C..Bank administration

C..Loan-to-Deposit Ratio (LDR)
C..Liquidity ratio
C..Cash and Cash Equivalents (CCE)

C., Number of products and services
C.accessibility for customers

C..customer retention rate

C..Employee constancy C,.Cash Flow from operating activity

(CFO)

C..Loan loss provisioning
C.,Revenue per employee
C,Return on Total Assets (ROTA)
C,,Debt-to-Equity ratio (D/E)
C.,Deposits Time Capital

C., Capital adequacy ratio (CAR)

C,..Non-performing Loan (NPL) Ratio

I — | N
— _, ===———x

Bank Banque Arab )

Audi du Cairo Agricole Internati

Bank onal
Bank

Figure 2: Hierarchy of top 10 Egyptian commercial banks

5.2 Results Analysis

After applying the proposed model in the evaluation process of the top ten commercial banks
in Egypt we found that:

e Weights of criteria are evaluated using neutrosophic AHP based on neutrosophic evaluation
scale and the results show that financial metrics are the most important with weight
0.4589 then, customer satisfaction with weight 0.3303, and lastly qualitative measures with
weight 0.2108.

e According to the sub-criteria level, the customer retention rate is the highest weight 0.3752
and revenue per employee ratio is the lowest weight 0.0468.

e Evaluating the 10 CBs using TOPSIS, the result shows that CIB is the highest performance
based on the given criteria followed by Banque du Cairo and Banque Misr. Audi Bank,
QNB, and Fisal Islamic Bank are at the end of the ranking.

e The results of the VIKOR method recorded that CIB is also the highest performance
followed by Arab International Bank and Banque du Cairo. On the other side, Fisal Islamic
Bank and Bank Audi are also in the end of ranking with Alex Bank. This evaluation
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considered the weight of the strategy v = 0.5. It is significant to mention the changing of
weight of the strategy v within the interval [0,1]. Accordingly, the sensitivity analysis on v
is illustrated in Tab. 12 and Fig. 3 to make it easy for the readers to track its values.

Table 3: Evaluation matrix of CBs according to the criteria

DM1 Ca1 Caz Ca3 Cag Cpy Cpy Cpy Cpy Cgs Cps Cp7 Cps Cpy Cgio Cpir Ci2 Cci Ccz2 Ccs
Bank Audi E VW S S VW E w E VW N N VW S w E w VS VS A
HSBC Bank E VW S S N E W E VW N N VW S w E w VS VS A
Credit Agricole E w S S VW E VW S VW N VW VW VS W E w VS VS A
Bank
Arab VW VW S S VW E VW W VW N VW VW VS W E w VS VS VS
International
Bank
DM2 Ca1l Caz Casz Cag Cpr Cpy Cps Cpg Cps Cps Cp7 Cps Cpo Cpio Cir Ci2 Cci Cc2 Ccs
Bank Audi VW W S VS W E VW E VW N VW VW S VW S w S VS VS
HSBC Bank E VW VS S N E w E w N N VW S w E w VS VS A
Credit Agricole E w S S N E VW S VW N VW VW VS W E w VS VS A
Bank
Arab VW VW S S VW E VW W VW N VW VW VS W E w VS VS VS
International
Bank
DM3 Ca1 Caz Caz Cag Cpp Cpy Cpz Cpg Cps Cps Cp7 Cps Cpy Cgio Cir Ci2 Cci Cc2 Ces
Bank Audi W W VS S VWS W S VW VWN VW VS W E E VS VS A
HSBC Bank E VW S S N E w E VW N N VW S w E w VS VS A
Credit Agricole E \\% S S VW E VW S VW N VW VW VS W E \W% VS VS A
Bank
Arab VW VW S S VW E VW W VW N VW VW VS W E \W% VS VS VS
International
Bank
Table 4: Aggregated evaluation matrix

Cal Caz Ccs
Bank Audi ((0.039, 0.039, 0.87), 0.65, 0.12,0.2)  ((0.05,0.32,0.73), 0.6, 0.12, 0.22) ((0.53, 0.75, 0.97), 0.8, 0.2, 0.15)
HSBC Bank  ((0.27, 0.6, 0.97), 0.8, 0.1, 0.1) ((0.01, 0.25,0.24),0.6,0.2, 0.3)  ((0.51, 0.7, 0.96), 0.85, 0.2, 0.12)
QNB ((0.02,0.32,0.77), 0.6, 0.12,0.22)  ((0.01, 0.25,0.24), 0.6,0.2,0.3)  ((0.77, 0.85, 0.98), 0.7,0.2, 0.2)
CIB ((0.06, 0.35, 0.87), 0.6, 0.1, 0.2) ((0.05, 0.32,0.73), 0.6, 0.12, 0.22)  ((0.42, 0.65, 0.95), 0.9, 0.2, 0.1)
Alex Bank ((0.01, 0.42,0.75),0.7,0.15,0.2)  ((0.15, 0.47, 0.89), 0.7, 0.1, 0.15)  ((0.42, 0.65, 0.95), 0.9, 0.2, 0.1)

Faisal Islamic
Bank

Banque Misr
Banque du
Cairo

Credit Agricole

Bank
Arab
International
Bank

((0.003, 0.25, 0.27), 0.6, 0.2, 0.3)

((0.009, 0.27, 0.59), 0.6, 0.17, 0.27)
((0.27,0.6, 0.97), 0.8, 0.1, 0.1)

((0.27,0.6,0.97), 0.8, 0.1, 0.1)

((0.003, 0.25, 0.27), 0.6, 0.2, 0.3)

((0.09, 0.35, 0.83), 0.6, 0.1, 0.2)

((0.31, 0.6, 0.94), 0.8, 0.1, 0.1)
((0.21,0.53, 0.92), 0.75, 0.1, 0.12)

((0.09, 0.35, 0.83), 0.6, 0.1, 0.2)

((0.01, 0.25, 0.24), 0.6, 0.2, 0.3)

((0.64,0.8,0.97), 0.75, 0.2, 0.17)

((0.42,0.65, 0.95), 0.9, 0.2, 0.1)
((0.42,0.65, 0.95), 0.9, 0.2, 0.1)

((0.42,0.65, 0.95), 0.9, 0.2, 0.1)

((0.42, 0.65, 0.95), 0.9, 0.2, 0.1)
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Table 5: Crisp values of the aggregated evaluation matrix

Ca1 Caz Ca3 Cag Cgy Cpy Cpz Cpgy Cgs Cps Cp7 Cg Cpy Cgio Cpi1t Ci2 Cci Cc2 Ccs

Bank Audi  0.375 0.314 0.692 0.693 0.204 0.652 0.362 0.697 0.129 0.153 0.186 0.134 0.737 0.296 0.651 0.483 0.741 0.749 0.881
HSBC Bank 0.600 0.135 0.688 0.669 0.197 0.624 0.362 0.630 0.129 0.167 0.191 0.134 0.703 0.359 0.632 0.359 0.752 0.749 0.933

QNB 0.316 0.135 0.749 0.752 0.184 0.624 0.129 0.361 0.129 0.130 0.160 0.134 0.703 0.359 0.704 0.630 0.752 0.749 0.745
CIB 0.371 0.314 0.662 0.752 0.165 0.624 0.129 0.361 0.360 0.360 0.160 0.134 0.703 0.139 0.704 0.630 0.702 0.936 0.933
Alex Bank  0.352 0.466 0.662 0.669 0.130 0.680 0.129 0.630 0.360 0.360 0.160 0.359 0.634 0.189 0.704 0.359 0.702 0.936 0.745
Faisal 0.138 0.369 0.719 0.725 0.197 0.680 0.362 0.361 0.129 0.130 0.186 0.359 0.634 0.139 0.757 0.630 0.888 0.749 0.745

Islamic Bank

Banque Misr 0.236 0.606 0.662 0.669 0.130 0.624 0.362 0.361 0.129 0.130 0.191 0.359 0.703 0.139 0.704 0.359 0.752 0.749 0.745
Banquedu  0.600 0.531 0.662 0.669 0.197 0.680 0.129 0.760 0.360 0.130 0.191 0.134 0.703 0.359 0.704 0.359 0.752 0.936 0.933
Cairo

Credit 0.600 0.369 0.662 0.669 0.161 0.624 0.129 0.760 0.129 0.167 0.160 0.134 0.760 0.359 0.632 0.359 0.752 0.749 0.933
Agricole

Bank

Arab 0.138 0.135 0.662 0.669 0.130 0.624 0.129 0.361 0.129 0.167 0.160 0.134 0.760 0.359 0.632 0.359 0.752 0.749 0.745
International

Bank

Table 6: Main criteria pairwise comparison

Dwmi Ca Cp Cc
Ca E VW \%
Cgp VS E S
Cc S w E
Dwm> Ca Cg Cc
Ca E VW VW
Cg VS E S
Cc S VW E
Dwm3 Ca Cp Cc
Ca E W VW
Cg A E S
Ce S W E

Table 7: Aggregation of pairwise comparison of main criteria

CD 0 0.33 0.66

Cy Cp Ce
Cy ((0.27, 0.60, 0.97), 0.80, 0.1, 0.1) ((0.18, 0.30, 0.4), 0.6, 0.15, 0.25) ((0.31, 0.28, 0.12), 0.60, 0.18, 0.28)
Cp ((0.77, 0.88,1), 0.80, 0.15, 0.15) (0.53, 0.6, 0.8),0.8,0.1,0.1) (0.8, 0.65, 0.72), 0.90, 0.20, 0.1)

Ce  ((0.34,0.65,0.99),0.90,0.20,0.1)  ((0.23,0.33, 0.53),0.6,0.13,0.23)  ((0.76, 0.6, 0.59), 0.80, 0.1, 0.1)
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Table 8: Local weight, global weight, and ranking of criteria

Main criteria  Weight Sub-criteria  Local weight Global weight Rank

CA 0.210767 Cay 0.170273 0.035888 14
Ca2 0.204083 0.043014 11
Cas 0.290603 0.06125 5
Cas 0.33504 0.070615 4
CB 0.458943 Cpy 0.059244 0.02719 17
Cn2 0.107571 0.049369 8
Cp3 0.087774 0.040283 12
Cp4 0.100808 0.046265 9
Css 0.062969 0.028899 16
Cge 0.055021 0.025252 18
Cp7 0.046783 0.021471 19
Cgs 0.076304 0.035019 15
Cgo 0.117914 0.054116 6
Cgio 0.081944 0.037608 13
Cai1 0.108071 0.049598 7
Cai2 0.095596 0.043873 10
CcC 0.330291 C¢i 0.297894 0.098392 3
Ce2 0.326894 0.10797 2
Ccs 0.375212 0.123929 1

Table 9: Evaluation of top 10 CBs in Egypt using TOPSIS

Alternatives d* d- CC; Rank
Bank Audi 0.01643 0.01183 0.418614 10
HSBC Bank 0.01653 0.01566 0.486612 5
QNB 0.01749 0.01338 0.433406 9
CIB 0.01363 0.01767 0.564538 1
Alex Bank 0.01652 0.01508 0.477201 7
Faisal Islamic Bank 0.01782 0.01495 0.456149 8
Banque Misr 0.01473 0.01557 0.513841 3
Banque du Cairo 0.01426 0.01640 0.534857 2
Credit Agricole Bank 0.01605 0.01577 0.495614 4
Arab International Bank 0.01552 0.01447 0.482568 6

Finally, results of the COPRAS method show that CIB has also the highest performance
followed by Arab International Bank and Credit Agricole Bank. But Fisal Islamic Bank and Bank
Audi are at the end of ranking with QNB. As the result shows in Tab. 13, CIB is always at the
top of ranking among 10 commercial banks, however, Faisal Islamic Bank and Bank Audi are
always at the end of ranking according to performance measurements.
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Table 10: Evaluation of top 10 CBs in Egypt using VIKOR

Alternatives S; R; 0; v =20.5) Rank

Bank Audi 0.556869 0.102103 0.75553 8

HSBC Bank 0.477986 0.100446 0.534191 5

QNB 0.507486 0.103858 0.643081 6

CIB 0.380719 0.098392 0.261178 1

Alex Bank 0.547774 0.123929 0.935909 9

Faisal Islamic Bank 0.572336 0.121063 0.973195 10

Banque Misr 0.530756 0.099031 0.658657 7

Banque du Cairo 0.47437 0.092687 0.452202 3

Credit Agricole Bank 0.448232 0.10797 0.52692 4

Arab International Bank 0.481512 0.070464 0.263007 2

Table 11: Evaluation of top 10 CBs in Egypt using COPRAS
Alternatives S S_ 0O; U; (%) Rank
Bank Audi 0.161866 0.087177 0.240559 94.09615 9
HSBC Bank 0.165068 0.083257 0.247466 96.79814 5
QNB 0.16105 0.082883 0.24382 95.37186 8
CIB 0.169372 0.079512 0.255652 99.99983 1
Alex Bank 0.162972 0.084751 0.243918 95.41013 7
Faisal Islamic Bank 0.161255 0.085042 0.241925 94.63044 10
Banque Misr 0.165334 0.082013 0.248982 97.39095 4
Banque du Cairo 0.167339 0.08075 0.252296 98.68714 2
Credit Agricole Bank 0.165542 0.080926 0.250313 97.91181 3
Arab International Bank 0.163309 0.08224 0.246726 96.50857 6
Table 12: Ranking of the 10 CBs for different values of v
v=20 v=0.25 v=0.75 v=1

Alternatives O; Rank O, Rank O, Rank Q; Rank
Bank Audi 0.5918 6 0.6737 8 0.8374 8 09193 9
HSBC Bank 0.5608 5 0.5475 4 0.5209 5 0.5076 4
QNB 0.6246 7 0.6338 7 0.6523 6 0.6616 6
CIB 0.5224 3 0.3918 2 0.1306 1 0.0000 1
Alex Bank 1.0000 10 0.9680 10 0.9039 9 0.8718 8
Faisal Islamic Bank 0.9464 9 0.9598 9 0.9866 1 1.0000 10
Banque Misr 0.5343 4 0.5965 5 0.7208 7 0.7830 7
Banque du Cairo 0.4157 2 0.4339 3 0.4705 4 0.4887 3
Credit Agricole Bank 0.7015 8 0.6142 6 0.4396 3 0.3523 2
Arab International Bank 0.0000 1 0.1315 1 0.3945 2 0.5260 5
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Figure 3: VIKOR results analysis

Table 13: Ranking of top 10 CBs in Egypt using TOPSIS, VIKOR, and COPRAS

TOPSIS VIKOR COPRAS

Alternatives v=0 v=0.25 v=0.75 v=1

Bank Audi 10 6 8 8 9 9
HSBC Bank 5 5 4 5 4 5
QNB 9 7 7 6 6 8
CIB 1 3 2 1 1 1
Alex Bank 7 10 10 9 8 7
Faisal Islamic Bank 8 9 9 10 10 10
Banque Misr 3 4 5 7 7 4
Banque du Cairo 2 2 3 4 3 2
Credit Agricole Bank 4 8 6 3 2 3
Arab International Bank 6 1 1 2 5 6

6 Conclusion and Future Works

Most researches condone uncertainty in the evaluation of banks because of unclearness of
performance of some services in unexpected situations. Moreover, based on related literature,
many researchers considered only financial metrics in evaluating banks’ performance. This research
focused on these drawbacks to ensure more efficient, consistent, and accurate evaluation by
measuring the performance of top commercial banks is important.

The plithogenic set is used to build the proposed MCDM model to increase the level of
consideration of uncertainty. With the intention of calculating the weight of evaluation criteria,
AHP was used, which showed that financial measurements are the most important criteria that
must be considered in such evaluations. However, customer satisfaction and other qualitative
measures are also important. Plithogenic aggregation operation provided accurate aggregation
results according to the contradiction degree of given criteria. To evaluate the top commercial
banks in Egypt, three different MCDM methods were applied. First, the TOPSIS method was
used to rank the banks according to their distance to the ideal positive alternative and negative
ideal alternative. Second, the VIKOR method ranked the banks based on different weights of
the strategy. Third, the COPRAS method was used to evaluate the dependence of alternatives on
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given evaluation criteria. All the results showed that CIB is providing the best performance while
Faisal Islamic Bank and Bank Audi have the least performance among top 10 commercial banks
in Egypt.

Despite the strengths of our study, there are some limitations. First of all, this study does
not consider non-financial measures in the evaluation process of the CBs. Also, the weights of
the decision-makers are not taken into account during the evaluation. In future studies, we intend
to include other non-financial measures such as political situation, government planning, and
banking management for exploring more accurate evaluation. We also plan to apply our proposed
model to different evaluation problem scales.
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