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Abstract: This study is an attempt to evaluate supermarkets by both the consumer and the market researcher through the
intuitionistic fuzzy TOPSIS. In this regard, the decision makers' views were expressed in linguistic terms and ranked from the most
preferred supermarket to the least preferred supermarket. The satisfaction of using linguistic terms is that it gives decision makers the
chance to express views that they cannot express in numerical values. Furthermore, undecided situations were interpreted through the
IFS. This method, which may be easily used in many application areas, offers researchers more consistent results than the others due
to its advantages. Besides, this study attempts to innovative implementation of the intuitionistic fuzzy TOPSIS method on its algorithm

and mathematical basis.
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1. Introduction

Fuzzy logic was described by Zadeh (1965), furthermore
Atanassov described intuitionistic fuzzy (IF) sets
(Atanassov, 2016). Recently, there are many MCDM
methods defined and have been the focus of attention for
many researchers (Majumder, 2015). TOPSIS method
makes a ranking built on the positive ideal and negative
ideal relationship (Hwang and Yoon, 1981). Besides IF
TOPSIS method is chosen since decision makers are free
to express their ideas in linguistic terms. Numerous
researchers have benefited from the TOPSIS method in
their application areas such as supplier selection,
location selection, renewable energy technologies,
mobile phone selection, product concept selection, wind
power plants, etc. (Boran et al, 2009; Boran, 2011;
Rouyendegh, 2011; Boran et al,, 2012; Rouyendegh and
Saputro, 2014; Biiytikozkan and Giilerytiz, 2015; Efe et
al, 2015; Rouyendegh, 2015; Damgac1 et al, 2017;
Rouyendegh et al, 2018; Rouyendegh et al, 2020).
Today, the issue of market selection that meets the basic
needs of people has been the focus of the attention of
researchers. There are studies conducted with different
methods in the related literature such as: Market
segment evaluation, e-marketplace selection, the
competitiveness of supermarket chains, market selection
in international expansion, the consumer market for
business, opinion of supermarket executives, market
segment evaluation with CODAS method, VIKOR method
with research on the fresh fruit-vegetable sector, market

evaluation using by AHP and COPRAS-G method, etc.
(Buytikdzkan, 2004; Gorecka and Szatucka, 2013; Tosun,
2015; Ghorabaee et al, 2017). The intuitionistic fuzzy
sets and MCDM methods were utilized by researchers in
many decision making processes and applications, and
very favorable results were obtained since the sensitivity
makes sense (Cuvalcioglu, 2014; Tugrul and Citil, 2021;
Sozeyatarlar et al,, 2021; Yavuz and $ahin, 2022).

2. Materials and Methods
2.1. Material
This study utilized the 3 most preferred chain
supermarkets and 1 chain local market in Turkey. These
supermarkets were evaluated according to certain
criteria by consumers and market researchers. From
many aspects, supermarkets have a very significant role
in people's lives. Chain supermarkets, on the other hand,
are designed to serve the needs of people.
Alternatives and explanations about them are as follows:
e M;: Local Market -has 7 stores and approximately
150 employees
e M;: Supermarket Chain-has approximately 11000
stores and approximately 61000 employees
e M3 Supermarket Chain-has approximately 2500
stores and approximately 50000 employees
e My Supermarket Chain-has approximately 8500
stores and approximately 60000 employees
Criteria (Super Market) and explanations about them are
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as follows:
e MCy:Pricing
» Greengrocer
» Meat and meat products
» Milk and milk products
» Legumes
e MCz:Location
» Accessibility
» Number of stores
e MCs: Expiry dates of products
e MC4: Wide product range
e MCs: Freshness of products and quality of products
e MCs: Campaigns
» Campaign application
» Advertising on social media
e MC7: Parking facility
e MCs:Working principle of the staff
» The friendliness of the staff
» The helpfulness of the staff
» The sufficient number of staff
e M(Cs: Clean and comfortable atmosphere
e MCjio: Clutter-free, organized shelf-compartments
e MCi:: Image of the market
e MCi2: Easy access to the product in the market
» Guide member
» Guide signs
» Lighting
» Arrows
e MC;i3: Product variety
e MCi4: Having a children's play area
2.2. Methods
Definition 1: (Atanassov, 1986; 2016) (Equation 1) Let
X= @ AnIFS A in X;

A={(X, 11,(X),v, (X)) | x € X}, 1)

The algorithm of the IF TOPSIS method was shown in this
section (Rouyendegh, 2015).

Step 1: By specifying the contribution interest of the DMs
on the practice, the DM importance value was
determined in linguistic terms (Wu et al., 2016).

Table 1. Expressions for DMs

Expressions IFNs

VI (0.8,0.1)
I (0.5,0.2)
M (0.5,0.5)
B (0.3,0.5)
VB (0.2,0.7)

The table above represents [ important, VI very I, M
medium, B bad, VB very bad. The value of DMs views

DI =[z4,U,7] was calculated as follows (Equation 2):

L+ AGE)] 2
Sl + AGED]

where, 11€[0,1] and 3}, Al =1.
Step 2: DMs indicated their opinions on the criteria in
linguistic terms based on Table 2.

Table 2. Expressions for criterion evaluation

Expressions IFNs

VI (0.9,0.1)
I (0.75,0.2)
M (0.5,0.45)
U (0.35,0.6)
vu (0.1,0.9)

Table 2, unlike Table 1, represents U is unimportant, VU
is very U. Afterwards, while calculating the criterion
weight, and the IFWA operator defined by Xu (2007) was
used (Equation 3).

w; = IFWAr, (W, w® . w?) = 4w® ® ,wP®,.., 4w (3)

Step 3: With the help of Table 3, the views of the DMs
about the alternatives were determined.

Table 3. Expressions for alternative assessment

Expressions IFNs

VG (1.00,0.00)
G (0.85,0.05)
MG (0.70,0.20)
F (0.50,0.50)
MP (0.40,0.50)
P (0.25,0.60)
VP (0.00,0.90)

With these values, Intuitionistic Fuzzy Decision Matrix
(IFDM) was acquired. Table 3 indicates that VG is very G,
G is good, MG is medium G, F is fair, P is poor, MP is
medium P and VP is very P. Aggregated IFDM was
acquired with the help of the IFWA operator (Equation
4).

RO =(1{"),,.,is the IFDM.
R= (ﬁ'j)m'xn' (4)

1) (2 k 1 2 k
tj = IFWATA(r,; ),r,.g )r"'r”iE' )):)\17','5' ) (-B)Lzré. )(-B,...,)Lkrig )

Step 4: S matrix was determined as seen in Equation 5.
S=R®W (5)
Step 5 The ideal solution means close to positive and far

from negative. A* (Equation 6) and A- (Equation 7) are
formed in which J;: benefit and J2: cost criteria:
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A= = v ) =12, (6)
A= e =)= 12 (7)
where;

wj" = {maxiuy)j e J1), (min{ug)j € 1)) (8)
V" ={(min{v;}j e 1) (max{v;}j € ]»)) 9)
i~ ={(miniu;)j  J1), (maxiug)j € ) (10)
v~ =l(max{v;}j € ;) (min{v;}j < 1)) (1

Step 6: Researchers utilized many different methods to
calculate separation measures (Szmidt and Kacprzyk,
2000; Citil, 2019).This study varies across other research
since the normalized Hamming distance was used.
and S;

gained as in Equations 12 and 13:

. + .
Separation measures, S; respectively, were

n

1 ’ '* ! '* ! '*
S/ =;Z['w—w I+ lvy = L+l = 1] (12)
i-1
1 n , , , , , ,
Si :2712“#1']' — My |+|vij_vij*_ |+|T[ij_nij_ 1 (13)
i=1

Step 7: C; was calculated by the Equation 14:

Ci= i ,and0<C; <1 14
ST +S; (14)

i i

Ahigher value of C; represents the better alternative.

3. Results
For this study, the views of 3 decision makers were taken

into account. DM;: Market researcher, DM; and DM3:

Table 5. Weights of Criteria

Criteria DM; DM DM3
MC: VI VI §)
MC; M I U
MC3 VI VI VI
MCy VI I I
MCs VI M VI
MCs I I M
MC; I 0) VI
MCs I VI I
MCy VI 0] VI
MCio VI M VI
MC11 VI U VI
MCi2 VI I I
MCi3 VI I I
MCi4 I 9) VI

The views of the DMs were given in Table 6-7-8. For each
criterion, decision makers evaluated all alternatives
separately.

Table 6. Values of alternatives for criteria according to
decision maker 1

DM; M; Mz M3 My
MC; G MG MP G
McC: MG VG MP G
MCs VG VG VG G
MCy G MG MG G
MCs VG MP G P
MCs p VG G VG
MCy MP G MP G
MCs G MP MG MP
MCy MG G VG G
MCio P MG G MG
MC1z G MG VG MG
MCi2 P MG G G
MCi3 VG MG VG G
MCi4 VG P VG P

Table 7. Values of alternatives for criteria according to
decision maker 2

DM M M M. M
Consumer. After specifying the importance of DMs with ? ! z 3 *
o . . ) MC MG MG MP VG
linguistic variables according to Table 1, it was converted MC MG VG P VG
into numerical data with the help of Equation (2) and 2
. MCs VG VG VG G
was shown in Table 4 as follows:
MCs MG VG MG VG
Table 4. Importance of DMs MCs VG MG MG MG
MCs P G MG VG
DM1 DM DM3 MCy MP G MP G
Vi I ! MCs MG MP MG MP
M A2 A3 MCs MP G MG G
0.383561644 0.308219178 0.308219178 MC1o p p F p
MC11 MG VG MG VG
Decision makers specified when determining the weights MC1z P MG G G
for criteria as follows: MCi3 VG MG F VG
MCi4 F F F F
BS] Eng Sci / Feride TUGRUL 148
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Table 8. Values of alternatives for criteria according to

decision maker 3

Table 10. Values of separation measures and closeness
coefficient

DM3 M; M:> M3 My
MC; VG VG G VG
MC: MG VG MG VG
MCs VG VG VG G
MCy G MG VG MG
MCs VG MP VG MP
MCs P G VG G
MCy MP G MP G
MCs MG MP G MP
MCy MP G VG G
MCro MG MG G MG
MC11 G MG VG MG
MCi2 P G VG G
MCi3 VG F VG F
MCi4 VG P VG P

R matrix was created with the help of Equation (4).
Afterwards, the S matrix was obtained using Equation
(5). A* and A- solutions were calculated using Equations

(6) and (7) and shown in Table 9.

Table 9. The if positive and negative ideal solution

Criteria At A

MC; (0.8219,0.1737) (0.5003,0.3769)
MC; (0.5622,0.3829) (0.2704,0.6290)
MCs (0.9000,0.1000) (0.7650,0.1450)
MCy (0.8241,0.1533) (0.6710,0.2182)
MCs (0.8358,0.1589) (0.3946,0.4989)
MCs (0.6905,0.2568) (0.1726,0.7027)
MCy (0.6349,0.2653) (0.2988,0.6133)
MCs (0.6249,0.2601) (0.3246,0.5808)
MCo (0.8219,0.1737) (0.4439,0.4644)
MCio (0.6541,0.2445) (0.3632,0.5186)
MC11 (0.8219,0.1737) (0.6693,0.2371)
MC12 (0.8241,0.1533) (0.2060,0.6613)
MCi3 (0.8241,0.1533) (0.5347,0.3779)
MC14 (0.7469,0.2266) (0.2526,0.6653)

§* and S- for alternatives determined using Equation (12)
and (13) using the normalized Hamming measure are
shown in Table 10, respectively. The closeness coefficient
values were calculated by using the Equation (14) and
are shown in Table 10. In addition, the graphs of the C;

are shown in Figure 1.

01 02 03 04 05 06 0.7 08 09

M4 M3 BM2 BML

Figure 1. Closeness coefficient values

s+ 3 c;

M; 0.18685  0.14246  0.43261
Mz 014167 018463  0.56584
M3 0.06945 025203  0.78395
M 012779 019758 0.60725

High C; value means that that alternative is preferred

more. According to Figure 1 and closeness coefficient
values, the order of the supermarkets from the most
preferred to the least preferred in terms of consumers is
as follows: M3, M4, Mz and M.

4. Discussion and Conclusion

This study investigated the markets preferred by the
consumers with the help of the [F-based TOPSIS method.
While evaluating the markets, it has been handled from
the perspective of both market researchers and
consumers. Expressing their ideas in linguistic terms
provided a freer decision making action for decision
makers. Thanks to intuitionistic fuzzy sets, the study
aimed to get the most efficient result by making sense of
the sensitivities. The reason for using the TOPSIS is that
the DMs may easily state their ideas with the help of
linguistic terms, not numerical values. The study will
offer various approaches the literature in many markets
and marketing fields. At the same time, it will guide
researchers in the field of application. The number of
consumers in the study may be increased by changing,
different decision makers may be added, and the number
of supermarkets may be increased. This application may
be developed in different supermarkets and by other
methods over different criteria. By establishing a wide-
ranging decision-making mechanism thanks to this
method, it may be ensured that the sector across the
country and the world may meet customer demands
quickly and facilitate their workload.
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