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A NEW SYNERGISTIC STRATEGY FOR RANKING RESTAURANT
LOCATIONS: A DECISION-MAKING APPROACH BASED ON THE
HEXAGONAL FUZZY NUMBERS

KAMAL HOSSAIN GAZI'*®, SANKAR PRASAD MONDAL'®, BANASHREE CHATTERJEE?®,
NEHA GHORUI®, ARIJIT GHOSH* AND DEBASHIS DE?

Abstract. This research addresses the problem of restaurant locations ranking with applications for
a cosmopolitan big city like Kolkata, India. A restaurant selection is based on occasions, spending
capability, environment, location, comfort, quality of the food etc. In this research paper an exhaustive
set of factors and sub-factors is taken into consideration to select and rank restaurants situated at
different locations in the city of Kolkata with a population of around fifteen million. The ranking
of restaurants depends on complex, conflicting qualitative attributes. In the paper hexagonal fuzzy
numbers (HFN) have been used to suitably depict the imprecise uncertain environment. HEN, its
distance measure and defuzzification have been applied to deal with the hesitancy and impreciseness
of the decision makers. Analytic hierarchy process (AHP) has been used as a Multi Criteria Decision
Making (MCDM) tool to obtain factors and sub-factors weights. TOPSIS and COPRAS methods
were used for ranking different restaurant locations. Using comparative analysis it is shown that HFN
with the TOPSIS and COPRAS method gives better result than other fuzzy numbers. The sensitivity
analysis portion also gives a direction for taking a suitable decision in different possible scenario.
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1. INTRODUCTION

In today’s fast paced life, restaurant not only serves food they are a source of pleasant memories. Competition
of restaurant business is increasing as there are more dining alternative. The results identified the important
factor of judging the authenticity of restaurants. Further it was found that localness has scored more than
authenticity and the two of them were linked [1]. The demand of restaurants are increasing throughout the
globe. Customer expectations from restaurants are increasing and they choose restaurant based on their pref-
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erences. This study used mean end approach to identify customer’s choice among the three different segment
of restaurants i.e. casual restaurants, fast food restaurants and fine dining restaurants [2]. Potential Customers
search information for selecting restaurant based on the desired service they want to avail. Information search
survey was conducted in the city of Zaragoza in the north-east of Spain. Further the motivating factors for these
activities were determined [3]. MCDM tools Fuzzy AHP (FAHP) and Fuzzy TOPSIS (FTOPSIS) were applied
to evaluate the factors weight and ranking of sites [4].

There are several factors and sub-factors that influences on preferring a location while choosing restaurant.
Thus Multi Criteria Decision Making (MCDM) can be applied to solve such problem. MCDM is an important
branch of Operation Research. It transforms real life complex decision making to a logical conclusion. MCDM
incorporates numerous qualitative, contradicting and /or quantitative factors and sub-factors to a logical conclu-
sion that needs a consensus [5]. MCDM is most extensively used decision methodologies in several areas such as
business, energy, economy, environment, production, sustainability and so on [4,6]. MCDM techniques augment
the standard of decision making. There are several studies [7-9] that have exhibited the vitality of this space.

In real world situations uncertainty, vagueness, indeterminacy are prevalent. Fuzzy concept is suitable to
express such situations. In this paper Fuzzy MCDM methods are used. Many researchers have used different
uncertain environment based on the suitability in real life problems. The authors name, application area, number
of factors and sub-factors, uncertain environmental category and MCDM techniques are described in Table 1.

Kolkata, the city under our consideration has seven locations where a cluster of restaurants are present. For
different location, the attributes and qualities differs but in a particular location restaurants are homogeneous.
For example China town has a cluster of restaurants providing Chinese food of similar quality. An individual
willing to avail restaurant food first need to decide which location he/she will travel to have access to a restau-
rant. This research helps in location selection and ranking of restaurant locations. This paper attempts at the
following:

(1) Selection of different locations for restaurant selection in the city of Kolkata and ranking them on the basis
of multiple conflicting factors and sub-factors taking into account the evaluation of multiple decision makers
(DMs).

(2) Identification of different factors and sub-factors influencing location selection for restaurant. Developing a
comparison matrix using hexagonal fuzzy numbers (HFN) suitable for analytic hierarchy process (AHP).
Obtaining Fuzzy HFN weight for all the factors and sub-factors.

(3) Ranking of different locations using Fuzzy Technique for Order Preference by Similarity to Ideal Solution
(FTOPSIS) and Fuzzy Complex Proportional Assessment (Fuzzy COPRAS or FCOPRAS).

(4) To carry out sensitivity analysis and comparative analysis for checking reliability and sensitivity of our
model.

A list of factors and sub-factors used in literature have been depicted in Table 2.

Various researchers integrated fuzzy numbers with MCDM tools like AHP, TOPSIS, COPRAS. In this
research, Hexagonal Fuzzy Numbers with MCDM approach has been used for ranking restaurant locations
and a detailed sensitivity analysis has been carried out which is a novelty of this research. Figure 1 describes
the successive steps followed in this study.

The paper is arranged in the following way: Section 2 briefly describes the concept of fuzzy set and fuzzy
numbers, a-cut of fuzzy number, HFN and respective arithmetic operations. Distance measure, defuzzification
formulae are also represented in this section. Section 3 describe the MCDM technique AHP, Hexagonal fuzzy
weight, Fuzzy TOPSIS and Fuzzy COPRAS. Description of factors and sub-factors, alternatives and numerical
application are covered in Sections 4 and 5 respectively. Section 6 represents the Numerical calculation of DM‘s
data. Section 7 portray about Comparative analysis. Section 8 represents sensitivity analysis. Section 9 discusses
the managerial insights. Finally, conclusion and future research scope are covered in Section 10.
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TABLE 1. Literature on relevant Fuzzy MCDM problems showing number of factors and sub-
factors, type environment and MCDM techniques used.

Authors of the arti-
cle

Application area

Numbers of factor
and sub-factors

Environment category

MCDM techniques

Ghorui et al. [4]
Sarkar et al. [6]

Biswas et al. [10]

Ghosh et al. [11]

Biswas et al. [12]
Hezam et al. [13]
Tanoumand et al.

[14]
Ali et al. [15]

Stankovi et al. [16]
Tzeng et al. [17]
Timor et al. [18]

Karasan et al. [19]

Moatya et al. [20]

Sriniketha et al.
[21]

Chatterjee et al.
[22]

Sun [23]

Ramu et al. [24]
Wibisono et al. [25]

Chen et al. [26]

In this paper

Shopping mall site
selection problem
Selecting best fam-
ily car

Medical represen-
tative recruitment
system

Site selection of
electric vehicle
charging station
Most suitable
tablet selection
COVID-19  vacci-
nation priority for
different groups
Selecting cloud
computing
Measuring the
possibility of

cloud adoption for
software tasting
Road traffic risk

analysis
Restaurant
location in Taipei
Fast-food restau-
rant site selection
Residential
construction  site
selection

A site selection
decision making
process

Plant location
selection

Hospital location
selection

Site selection for
EVCSs

Airport site selec-
tion

Selection of cafe
location

Sustainable selec-
tion of a teahouse
location

Location selection
for a restaurant

7 Factors and 17
sub-factors
11 Factors

4 Factors

4 Factors and 13
sub-factors

6 Factors

4 Factors and 15
sub-factors

6 Factors

10 Factors and 70
sub-factors

6 Factors

5 Factors and 11
sub-factors
7 Factors and 36
sub-factors
4 Factors and 14
sub-factors

6 Factors and 26
sub-factors

4 Factors and 13
sub-factors
3 Factors and 11
sub-factors
4 Factors and 19
sub-factors
14 Factors

5 Factors and 16
sub-factors
11 Factors

5 Factors and 17
sub-factors

Triangular fuzzy numbers
(TFN)

Triangular fuzzy numbers
(TFN)

Single valued trapezoidal
neutrosophic numbers

Hexagonal fuzzy numbers
(HNF)

Single valued neutrosophic
number
Triangular
fuzzy set

neutrosophic

Triangular fuzzy numbers
(TFN)
Triangular fuzzy numbers
(TFN)

Triangular fuzzy numbers
(TFN)

Linguistic variable in
decimal numbers
Linguistic variable in
decimal numbers

Hesitant fuzzy numbers

Linguistic variable in
decimal numbers

Linguistic variable in
decimal numbers
Linguistic variable in
decimal numbers
Linguistic variable in
decimal numbers
Fuzzy numbers

Priority analysis through
cluster matrix

Molt-Karlo simulation
method

Hexagonal fuzzy numbers
(HFN)

Fuzzy AHP,
TOPSIS
FTOPSIS,
FMARCOS, FVIKOR

Fuzzy TOPSIS

Fuzzy

FAHP, FTOPSIS,
FCOPRAS

TOPSIS
AHP, TOPSIS

FAHP
FMCDM

Fuzzy MARCOS
AHP and VIKOR
AHP

CODAS

AHP and TOPSIS

AHP and
PROMETHEE

AHP and multi factor
evaluation

AHP and TOPSIS

AHP and FAHP
AHP
WASPAS and EDAS

FAHP, FTOPSIS and
FCOPRAS

2. PRELIMINARIES

2.1. Fuzzy set

Fuzzy sets are the set whose every element has a degree of membership value. The fuzzy concept was first
introduced by Zadeh [29,30]. There are several application of Fuzzy set theory in different domains like Differ-
ential equation [31,32], linear programming problem [33-35], non-linear programming problem [36,37], decision
making problem [38,63-66] etc.
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TABLE 2. Factors and sub-factors for restaurant location selection, source: [4,17,18,27,28].

l Factors [ Sub-factors ‘

* Price of food

* Food quality

Food * Variety of food

* Taxes

* Site and development costs

* Service quality

* Behavior of staff

* Quick service

Service * Pleasant physical environment
* Customer satisfaction

* Staff members are friendly and
helpful

* Past experience

* Word of mouth

* Online review

Image * Brand reputation

* Sales promotion

* Store size

* Building’s condition

* Area

* Parking Capacity

* Safety/Crime Rates

* Clean and comfortable

* Noise and air pollution free
* Convenience of garbage disposal
Location * Residential areas

* Industrial areas

* Shopping center

* Sports and cultural areas

* Business areas

* Educational areas

* Distance to nearest highway
* Quick meal/convenience

* Social occasion

* Business necessity

* Celebration

* Development of nearby areas
* Future development

Occasion

Definition 1 (Fuzzy set). Let ® be a set (finite or infinite). Let S be a set contained in ®. A function pg :
® — [0,1] is called a membership function. If € ® then pg(x) the degree of membership of = in ®.

Definition 2 (a-cut of a fuzzy set). The a-cut or a-level set of the fuzzy set S of ® is a classical set S,

which contains all members of ® such that membership values of ¢ (€ S) bigger than or equal to a i.e.
Sa = {¢) : /LS((ZS) >a,p€ (p}v o€ [07 1]
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Formulation of the problem for restaurant location selection

» Identification of factors and sub-factors for the selection of |
restaurants with the help of DMs

« Application of FAHP to obtain the weight of factors

Ranking of the locations using FTOPSIS & FCOPRAS
methods

» Condouct comparison analysis and sensitivity analysis

 Pactical implications, results, and discussion

Y- L-L-LLLH

FIGURE 1. The structural framework of this paper.

Definition 3 (Strong a-cut of a fuzzy set). The strong a-cut or strong a-level set of the fuzzy set S of ® is

a classical set S5 which contains all members of ® such that membership values of ¢ (e S’) bigger than « i.e.
Sd = {¢ : H§(¢) > aad) € (I)}v a € [Oa 1]

2.2. Concept of fuzzy numbers:

An extension of real number set R with membership function is called fuzzy number [39], i.e. fuzzy numbers
are connected set of possible values with the membership function A(€ [0,1]). The weight of the element is
called membership value and the function through which the weight is assigned is called membership function.

Definition 4 (Normal fuzzy set [40]). A fuzzy set is called normal fuzzy set if its core (i.e., the a-cut set along
a = 1) is non-empty.

Definition 5 (Convex fuzzy set [41]). A fuzzy set S is said to be convex fuzzy set, if S(yz + (1 —~)y) >
min{S(z), S(y}) for z,y € ® and v € (0,1).

2.3. Hexagonal fuzzy number

There are many research papers published on fuzzy numbers, that developed and used fuzzy numbers [24].
Depending on the need of the problem, researchers can use triangular fuzzy numbers (TFN) [4, 6, 14-16],
trapezoidal fuzzy numbers (TrFN) [42], pentagonal fuzzy numbers (PFN) [43], hexagonal fuzzy numbers (HFN)
[44] and hesitant fuzzy numbers [19]. In this paper hexagonal fuzzy numbers have been used.
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FIGURE 2. Geometric representation of hexagonal fuzzy number.

Definition 6  (Hexagonal  fuzzy  numbers (HFN)  [44]). A fuzzy number  H(¢) =
{(617 ﬂQa ﬂ37 ﬁ4a B57 567 T, 5)7 ,u‘f[(qﬁ) } is said to be hexagonal fUZZy number (HFN) where ﬂh ﬂQa /837 545 /857 56 are

real numbers with ascending order, 0 < r,s <1 and its membership function 7 (¢) is defined as

0 if ¢<p
rig=ol it 1 <<
r+ (- i <o <
pg(¢) =41 if B3<¢<pu (1)
s+(L—s){2gh  if Bi<o<ps
stog) if 5 <¢<fe
0 if Gg < ¢.

Here, 51 < B3 < 33 < B4 < f5 < B with all 8; (i =1,2,...,6) real constants and 0 < r, s < 1.

Figure 2, represents a geometric representation on a particular hexagonal fuzzy number H (¢) where fuzzy

set is
@}

Definition 7. A fuzzy number H = {(51,ﬂ2,ﬁ3,ﬁ4,ﬂ5,6g;r, s);ug(¢) is a hexagonal fuzzy number if it’s
], and defined as

H(¢) = {(0.5, 1,2,4,5.5,6.5;0.5,0.6); 1

mz

—_

membership function p 4 satisfies following conditions pg : R — I = [0,

(1) pg is upper semi-continuous;
(2) There exists real numbers (1, B2, B3, B4, O5 and g such that 8; < o < 5 < 84 < 05 < g and
(a) pj(¢) is monotonically increasing on [31, 2] and [z, B3],
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FIGURE 3. Geometric description of hexagonal fuzzy number H where membership function
1 (¢) is bounded continuous and ¢ € [0, 1].

(b) pj(¢) is monotonically decreasing on [34, 35] and [Bs, Bs),
(c) ng(¢) =1 when 83 < ¢ < f,
(d) pg(¢) =0, if ¢ lies outside the interval [51, F¢].

2.4. a-cut of HFIN

The alpha cut of H on fuzzy set is denoted by H,, and constructed by the elements of H whose membership
value is not less than . a-cut concept is briefly described in details [45] and [46].

Definition 8. Let H = {(61, 82, 83, 84, 05, 36): e + be a hexagonal fuzzy number and the membership function
1y, then a-cut set of H is

[Mi(e), Ma(at)]; for a € [0,0.5]

Hy={¢ € Plpg(¢) > a} = {[M(a),Nz(a)]; for o€ [0.5,1] ?

Note 1. Here, we consider membership function pg(¢) are continuous function. Four functions of H, are
My (u), Ni(v), No(v), Ma(u) satisfies the properties:

(1) The non decreasing continuous bounded function Mi(u) expand in [0,0.5].
(2) The non decreasing continuous bounded function Ny(u) expand in [0.5,1].
(8) The non increasing continuous bounded function Na(u) expand in [0.5,1].
(4) The non increasing continuous bounded function Ms(u) expand in [0,0.5].
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A bounded continuous membership function pz(¢) of HFN H is graphically represented in Figure 3. Also

the function M (u), N1(v), Na(v), Ma(u) are described.
If we get a-cut operations on H shall be obtained as follows for « € [0, 1].

Consider, M (x) = ; %11 =«
or,

6= (82— Br) + .

Similarly, My(z) = s 5=% = o
or, g — ¢ = % (56*55)

or,

o= *g(ﬂﬁ — B5) + Be-

This implies [Mi(a), Ma(o] = [2(82 — 1) + B1, —2(Bs — B5) + Bs] when o € [0,0.5].
Again, Ni(¢ ) =r+ (1 —r) ¢_ﬂ
or, (b /82 = 1,1‘ (53 - /82)
or,
6= T (B~ fa) + Ba.

Similarly, Na(¢) = s+ (1 —s) ﬁis:ﬁqi =a
or, f5 — ¢ = 1= (05 — Ba)

or,

¢:—Cly:z(ﬁ5—54)+ﬁ5-

This implies [N; (), Na(a] = [‘;
Hence,

=2 (By — o) + B2, =2 (05 — B1) + | when a € [0.5,1].

i — [%( 2*51)+51a*g(56*55)+56] for a € [0,0.5]
o [a w (B3 — B2) + B2, —7=5 (05 — P4) +ﬁ5} for a € [0.5,1].

If we consider » = 0.5 and s = 0.5, then a-cut of H becomes

7 o— {[204(,6’2 = B1) + Br, —2a(Bs — B5) + Be] for o € [0,0.5]

[(20c — 1)(B3 — Ba) + Bo, —(2cc — 1)(B5 — B4) + f5] for a € 0.5, 1].

(8)

Example 1. Let us consider H = {(2,3,4,7,8,9); uz} and G = {(4,6,8,14,16,18); us} are two hexagonal
fuzzy numbers and their membership functions are continuous. Then a-cut of two fuzzy numbers are H and G

are respectively H, = [2a + 2, —2a + 9] and G, = [4a + 4, —4a + 18] where a € [0, 1].

2.5. a-cut operations

Let us consider H = {(61, B2, Bs, Ba Bs: B6); g } and G ={(C1,¢2: (3, €4 G5, Co): pe} are two Hexagonal fuzzy
numbers and membership functions of H and G are continuous. Also let H, and G, are two a-cut of HFN H

and G respectively. a-cut operations are described on [45-47].
Then addition of two a-cuts H, and G, is H, + G, =

[2a(B2 — B1) + B1, —2a(Bs — B5) + Bs]

+[2a(C — C1) + ¢y, —2a(C6 — C5) + C6] for « € [0,0.5]
[(2a = 1)(B3 — B2) + B2, —(2a — 1)(B5 — Ba) + B5]

+[(2a = 1)(¢s — C2) + C2, —(2ar = 1)(¢5 — C4) + (5] for o € [0.5, 1]
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We again consider H = {(2,3,4,7,8,9); u } and G= {(4,6,8,14,16, 18); us + are two Hexagonal fuzzy numbers
with membership functions are continuous. Then addition of a-cut of two fuzzy numbers is Hy + Go = [2a +
2, —2a + 9] + [da + 4, —4a + 18] = [6a + 6, —6a + 27| where « € [0, 1].

If o = 0 then Hy+ G = [6,27], and if @ = 0.5 then Ho5+Go5 = [9,24] and if a = 1 then H, +G; = [12,23].
Hence H, + G, = {(6,9,12,23,24,27); iy + pi}, this imply that all points coincide with the sum of two
hexagonal fuzzy numbers.

Then subtraction of two a-cuts H, and Gy is Hy, — G, =

[20(B2 — B1) + B1, —2a(Bs — B5) + Bs]

—[20(C2 = C1) + (1, —2(C6 — C5) + Ce) if a €10,0.5]
(20— 1)(B3 — B2) + B2, —(2a — 1)(B5 — Ba) + 5]

—[(2a = 1)(G = ¢2) + G2, —(2a = 1)(¢s — C4) + G5] i v € [0.5,1].

(10)

For same example H = {(2,3,4,7,8,9); tg+and G =1{(4,6,8,14,16,18); e} are two Hexagonal fuzzy numbers
with membership functions are continuous. Then subtraction of a-cut of two fuzzy numbers is Hy, — Go =
2a+2,—2a+ 9] — [4a + 4, —da + 18] = [—2a — 2, 2a — 9] where « € [0, 1].

If « = 0 then Hy — Gy = [-2,-9], and if @ = 0.5 then Hys — Gos = [-3 — 8] and if & = 1 then
H -G, = [—4, —7]. Hence H, -G, = {(=2,-3,-4,-7,-8,-9); iy — p}, this imply that all value are same
with the subtraction of two HFNs.

Then multiplication of two a-cuts H, and G, is H, x G, =

[2a(B2 — B1) + B1, —2a(Bs — B5) + Bé]

x[2a(C2 — C1) + (1, —2a(C6 — C5) + Cel if a €10,0.5]
(20— 1)(B3 — B2) + B2, —(2a — 1)(B5 — Ba) + 5]

X[(QO[ — 1)((3 — Cg) + (s, —(2a — 1)((5 - <4) + C5] if v € [05, 1]

(11)

We again consider H = {(2,3,4,7,8,9); tp+and G =1{(4,6,8,14,16,18); i} are two Hexagonal fuzzy numbers
with membership functions are continuous. Then multiplication of a-cut of two fuzzy numbers is H, X Go =
2042, —2a+ 9] X [da+ 4, —da + 18] = [(2a + 2) x (—4a +4), (—2a + 9) x (—4a + 18)] where « € [0, 1].

If v = 0 then HyxGo = [6,162], and if & = 0.5 then Ho 5 xGo.5 = [18,128] and if v = 1 then Hy x Gy = [32,98].
Hence H, x Gy = {(6,18,32,98,128,162); 15 X pg}, this imply that all points coincide with the multiplication
of two hexagonal fuzzy numbers.

2.6. Defuzzification methods of HFIN

Defuzzification is the procedure to produce a quantifiable result in crisp logic from fuzzy set and it’s mem-
bership function. It is generally needed in fuzzy control systems. Defuzzification and fuzzification are opposite
process to convert fuzzy set to crisp set and vice versa respectively. There exist several defuzzification methods,
but the common and useful methods described as follows:

2.6.1. Centroid-based method (CBM) of a hexagonal fuzzy number:

Let H = {(B1, B2, B3, Ba, B5, B6); 117 } is a hexagonal fuzzy number with p15 = 0.5. This method described and
applied in the paper Ghosh et al. [11]. HFN is divided into four sub region; two triangle and two trapezium.
Furthermore, one trapezium can be divided into three sub parts; two triangle and one rectangle. At the end,
summation of all triangles and rectangles are excuted to get the centroid formulae of HFN. The method is
illustrated below

)

— The centroid of triangle A AIB is (%’

w3 w3

— The centroid of triangle A FEJ is (W,
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: €1 D(Bs.1
os L(Bax) . E(Bs.x)
K(Bs.x) =(4.0.6) =(8.0.6)
05 \ =(4.0.6) /
\
03 /
/
. Y,
i 1 /
A(BLO) | 1(8:.0) /1(B1.0)
=(1.0) =(4.0) =(6.0)

FIGURE 4. H is a hexagonal fuzzy number (HFN), divided into six triangles and two rectangles
is visualise in this picture.

— The centroid of trapezium [J IJEB is
e The centroid of triangle A IKB is (’822253 , 2{)

o The centroid of triangle A JEL is (%, 2{)
e The centroid of rectangle O IJLK is (%, g)
Therefore, the trapezium O IJEB is (W, %T)

— The centroid of trapezium [0 BEDC is (2ﬁ2+7ﬁ3g7ﬁ4+255, 11%+7) by similar way.

Therefore, the centroid of this HFN is

CBM(fT) = (3ﬁ1 + 3062 + 10ﬁ3;11054 + 585 + 3ﬁ67 26r6+ 7)_ (12)

This is the defuzzified value of the hexagonal fuzzy number H and geometrically represents at Figure 4.

2.7. Arithmetic operation on HFN

Arithmetic operation on hexagonal fuzzy numbers (HFN) plays significant role in the theory of hexagonal
fuzzy numbers and it’s application [48]. Therefore it is an important branch of research. Different operations
exist in the field of hexagonal fuzzy number (HFN) and it is very useful and popular. In this section, we define
some important operations such as addition, subtraction, multiplication and division on HFN.

Definition 9  (Addition of HFN). If H = {(B1, B2, 03, B4, 05, 06:7,5); bz} and G =
{(¢1,¢2,C3,Cas G5, Cos ty u); oz} are two hexagonal fuzzy number (HFN), then the addition of H and G is

define as H & G = {(B1+ (1,024 (2, 03+ (3,85 + Ca, B5 + (5,86 + G630, w); pje } whose membership
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function is given by pg.5(6) =

0 if ¢ S (_oo7ﬁ1 + Cl]
((ﬂzicz() l?bgliCl)) if ¢ €[(B1+C1), (B2 + ()
+ (- U)(%) if ¢€[(B2+ ) (Bs+G)]
1 if ¢€[(Bs+G) (Bs+Ca) (13)
w+ (1 —w) (—(gsiﬁf;)rfs(gi@) if ¢ € [(Bs+C), (Bs5+C5)]
w( it ) if € [(85+ ). (B + o)l
0 if ¢€[(B6+ () 0)
where v =7+t —rt, w=s+u—suand pgos = pg + la — Lgha-
Definition 10  (Subtraction of HFN). If H = {(B1,02, 03,04, 05 06;7,8); 3} and G =

{(Cl,C2,§37C47C5,C6,t u); i} are two hexagonal fuzzy number (HFN), then the subtraction of H and G

is define as H o ¢ = {(B1 —C6, 82 — (5, B3 — a4y Ba — (3,85 — G2, B — G130, w); iz b Whose membership
function is given by pzoa(¢) =

0 if ¢ € (—o0,B1— (6
(%) if ¢ €[(B1—C) (B2 —G5)]
vt (1-v) (%) if ¢€[(B2—0C5) (83— Ca)l
1 if ¢ €[(B3—C) (Bs—G3)] (14)
wt (1 -0) (G 9s) i eelBi-G), (5 - G)
(%) if ¢€[(B5—C) (Bs — C1)]
0 if ¢€[(Bs—C1),00)

where v =7 +u—ru, w=s+t—st and pz s = pg + e — Ligha-

Definition 11 (Scalar multiplication of HFN). If H = {(B1, B2, B3, B4, B5, Be: 7, 5); 117 + is a hexagonal fuzzy
number (HFN) and k is taken as positive real constant, then the scalar multiplication of H by k is define by

kH = {(kp1, kB2, kB3, kBa, ks, ki, 8); 1z }- (15)

Scalar multiplication also true for negative real constant in similar way.

Definition 12 (Multiplication of HFN). If H = {(B1, B2, B3, Ba, B5, 657, 8); by b and G =
{(¢1,¢2,C3,Cas G5, Go3 ty u); oz} are two hexagonal fuzzy number (HFN), then the multiplication of H and
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G is define as H ® G(¢) =

{(min(B1¢e, BsCs), min(B2Cs, B5(s), min(B3(4, B4Ca), max(B4(3, 33(3),

max(35(2, f2C2), max(GC1, B1€1), rt, su), g fie b if B6<0
{(min(B1Ge, B6C1), min(B2(s, B5¢s), min(B3Cs, BaCa), max(Ba(s, £3¢3),
max(35(2, f2C2), max(GsCs, 51C1), rt, SU), g fie b if 85<0,86>0
{(min(51¢s, BsC1), min(B2(s, B5C2), min(B3(s, £1C4), max(54(s, 33(3),

max (055, f2C2), max(F6Cs, £1C1), 7T, su), pg i) if 84<0,85>0
{(min(61¢s, B6C1), min(Ba2(s, B5C2), min(Bsls, B4C3), max(B4ls, £3(3), (16)
max (055, f2C2), max(B6Cs, 61€1), T, su), pg i) it §3<0,64>0
{(min(B1¢e, B6¢1), min(B2Cs, B5¢2), min(Fs(s, F4(3), max(B4Cs, F3C4),

max (055, f2C2), max(B6Cs, 61€1), 7T, su), pg e it 52<0,83>0
{(min(61¢s, B6C1), min(B2Cz, B5C2), min(f5(s, £4(3), max(B4ls, £3Cs),

max (055, (2C5), max(F6Cs, £1C1), 7T, su), g it 51 <0,6:>0
{(min(B1¢1, BsC1), min(B2Cz, B5C2), min(F3(s, £4¢3), max(B4Cs, F3Cs),

max (055, (285), max(8sCs, £1C6), 'ty SU), f i} it g1 >0.

Definition 13  (Division of HFN). If H = {(ﬁl,ﬁg,ﬂg,@l,ﬁd,ﬁg,r s);ug}  and G =
{(Cl,C2,§37C4,C5,C6,t u); e} are two hexagonal fuzzy number (HFN) with H > 0 & G > 0, then the

division of H and G is define as H © G = {(B1/C6: B2/C5: B3/ Car B/ 31 85 /G2 B6 /Cri v, w); phg oz} Whose
membership function is given by

0 if ¢ € (00, 51/G]
o( ey ) if &€ [(61/Go). (52/G5)]
vt (L-o)(arlsdes) i 0 € 1(B2/G) (Bs/ o)
Lioa(@) =41 if ¢ € [(B3/C4a),(B1/C3)] (17)
wt (1- ) (GRd2be) i 6 € 1(Bi/Ga), (B5/)
w( ) if € [(5/), (Fo/G1)]
0 if ¢ € [(Bs/C1),00)

where v = ru, w = st and ugz, 5 = Pl
If H > 0 & G < 0, then the division of H and G is define as H © G =
{(ﬁﬁ/c1>ﬁ5/c27ﬁ4/§37ﬁ3/<4a52/4-5761/(6711 w) NH@G} whose membership function is given by

0 if (b S ( o0 BG/CI]
o( e ) it ¢ € [(86/C1), (B5/C2)]
vt (-0 (rellsdey) i 6 € 1(Bs/G2), (Ba/)
Lioa(@) =41 if ¢ € [(B1/C3), (B3/C4)] (18)
wt (1- ) (b)) i 6 € 1(Bs/C) (B2/G5)
w( ) it ¢ € [(B2/G), (B1/Co)]
0 if ¢ € [(51/s). 0)

where v = st, w =ru and pg 5 = pghs-
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Definition 14 (Inverse of HFN). If H= {(B1, B2, B3, Ba, B5, Be; 7, 5); 1L + is a hexagonal fuzzy number (HFN)
with 0 ¢ H (i.e., 0 ¢ [01, B6]), then inverse of H define as

ﬁ_l = {(1/667 1/657 1/ﬂ47 1/ﬁ37 1/ﬁ27 1/ﬁ1,’U,U)), :u’]:]*1} (19)

where v =s, w =71 and pg_. = pg.
Also, if 0 € H then inverse is not define.

Definition 15 (Identical Equality of two HFN). Let H = {(B1, B2, B3, B4, B5, 637, 5); bz} and G =
{(¢1,¢2:C3,Ca, G55 Go5 t, w); pus } are two hexagonal fuzzy number (HFN), then they are identically equal if 31 = (i,

Bo=0C2, B3 =03, B4 =Cs, B5 =C(5, B6 =Co, r =t, s=u and pg = juga.

Numerical example: Numerical example has been discussed below to illustrate the arithmetic operations of
Hexagonal fuzzy numbers.

Example 2. Let H = {(3,4,6,7.5,9,10;0.25,0.7); 1} and G = {(2,2.5,3.5,5,6,7;0.4,0.5); 1} are two hexagonal
fuzzy numbers and k = 2(> 0) be a scalar. Then arithmetic operation on HFN gives

(1) Addition: H ® G = {(5,6.5,,9.5,12.5,15,17;0.55,0.85); 1}

(2) Subtraction: H © G = {(—4, —2,1,4,6.5,8;0.625,0.82); 1}

(3) Scalar multiplication: 2H = 2 x H= {(6,8,12,15,18,20;0.25,0.7); 1}

(4) Multiplication: H ® G = {(6,10,21,37.5,54,70;0.1,0.35); 1}

(5) Division: H® G = {(3/7,2/3,6/5,15/7,18/5,5;0.125,0.28); 1}

(6) Inverse: H—' = {(1/10,1/9,2/15,1/6,1/4,1/3;0.7,0.25); 1}

Example 3. Let A = {(1,4,6,7,8,10;0.6,0.4);0.5} and B = {(—15,—13,—10, -8, —4, —2:0.2,0.8); 0.5} are
two hexagonal fuzzy numbers and k = —2(< 0) be a scalar. Then arithmetic operation on HFN gives

(1) Addition: A @ B = {(—14, -9, —4,—1,4,8;0.68,0.88);0.75}

(2) Subtraction: A& B = {(3,8,14,17,21, 25;0.92,0.52); 0.75}

(3) Scalar multiplication: —2B = (—2) x B = {(4, 8,16, 20, 26, 30;0.2,0.8); 0.5}
(4) Multiplication: A ® B = {(—150, —104, —70, —48, —16, —2;0.12,0.32); 0.25}
(5) Division: A @ B = {(—2/3,—8/13,—-7/10,—3/4, —1,—1/2;0.08,0.48); 0.25}
(6) Inverse: B~! = {(—1/2,—1/4,—-1/8,—-1/10,—-1/13,—1/15;0.8,0.2); 0.5}

3. HEXAGONAL FUZZY MULTI SUB CRITERION BASED DECISION MAKING

3.1. Fuzzy Analytic Hierarchy Process (FAHP) Method

Analytic hierarchy process (AHP) is a famous mathematical tool of optimization of alternatives which is
used in Multi Criteria Decision Making (MCDM). This method was first developed by Satty [49] and Wind and
Saaty [50]. It is used explicitly for obtaining the factors and sub-factors weight. AHP gives a scientific solution to
real life problems. This method help decision makers (DMs) to resolve complex problems with heuristic solution.
The comparison of factors and sub-factors, by giving preference in crisp value can be considered as a complex
assignment for DMs, thus FAHP methodology captures the blurriness of the problem. The determination of
factors and sub-factors weights are very important for the customers in a restaurant. AHP works with a problem
hierarchy, where a comparison matrix is constructed to represent subjective judgments regarding factors and
sub-factors. In this paper, FAHP is taken instead of AHP, keeping in mind the fuzzy logic which allows the
DMs in the evaluation of the well optimized result. The step of FAHP are given described below:
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(vi)
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Construction of comparison matrix in term of hexagonal fuzzy number (HFN) by a group of decision
experts.

Let a group of ‘N’ decision-makers assigned for the comparison of factors and sub-factors. Let each DM
express their preference in the pairwise comparison of factors and sub-factors. Thus, ‘n’ set of matrices are
obtained, T;, = {tpqn}-

Where tpgn = (apgn, l;pqn,épqn, d~pqn, Epgn» qun> denotes the HFN of p factor to g factor as expressed by
the ‘” DM and p=1,2,...,4; ¢=1,2,...,7.

Apqg = minn:l,Z,...,N C~74pqn
bpg = minp=1,2,....N bpgn
N N -

cpg = \/ =1 Cpan

_ N N
dpq - Hn:l dpqn

€pg = MAXn=1,2,...,N €pgn

qu = MaXp=1,2,...,.N qun

Defuzzification of HFN:

Defuzzification of the hexagonal fuzzy number (HNF) by the centroid-based method (CBM) used this
paper. Thus using equation (12), convert a fuzzy number to a crisp value.

Normalization of the defuzzied matrix:

Se="_V,
q Z‘}p){:l Prq (21)
Upq = Sy
where p=1,2,...,4; ¢ =1,2,...,4. This normalization makes the sum of the weights equal to one.
Estimation of factors and sub-factors weights:
Nth root value
F=—————" 22
>~ Nth root (22)
To test the Consistence Index (C.I.) of the matrix:
Omax — .7
Cl.=—— 23
where j denotes the size of the matrix.
Determination of Consistency Ratio (C.R.):
C.1.
CR.=— 24
R.I. (24)

where R.I. denote Random Index and its value depends on the size of the matrix n.

The assessment of C.R. < 0.1 is acceptable and indicates that the weights obtained are consistent.

3.2.

Determination of hexagonal fuzzy weights of factors

To obtain the HEN weight of factors and sub- factors, we refer Ghosh et al. [11] and the process of determining
the HFN weight is discussed below:

(i) Determine the geometric mean of the HFN by using

1

k %
Art = (H yrst> (25)



A NEW SYNERGISTIC STRATEGY FOR RANKING RESTAURANT LOCATIONS 585

where Y, € H, r=1,2,...,k s=1,2,...,kand t=1,2,...,6.
(ii) Summing the each column of geometric mean criterion matrix.

k
St = Z Art (26)
r=1

where bound of r and ¢ are same as previous.
(iii) Then find the inverse of S; using the equation (19) and then arranging in increasing order, S} (let).
(iv) The hexagonal fuzzy weights of factors by the given equation:

Wt = Qpt X S; (27)

(v) Calculation of global HFN sub-factors weight are determined by the product of factors HFN weight with
the respective sub-factor HFN weight.

3.3. Fuzzy Technique for Order Preference by Similarity to Ideal Solution (FTOPSIS)
approach

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) Multi Criteria Decision Making
(MCDM) tool is a widely used technique developed by Hwang and Yoon [51]. This method also use in different
field like Best Employees selection [52], Medicine selection [12], Creating priority group for Vaccine [13] etc. The
TOPSIS method is taken as a distance measure technique in which the optimal alternative is nearest to the
positive ideal solution (PIS) and farthest from the negative ideal solution (NIS). The linguistic terms assigned
by human choice of decisions can be reflected by HFN. This approach is convenient for handling the uncertainty
of the situation involving multiple factors and sub-factors. Thus, for the factor attracting the customers in a
restaurant, the classical MCDM method TOPSIS is integrated with Fuzzy number i.e. FTOPSIS to capture the
problem in an efficient way. The steps of FTOPSIS are described below:

(i) Construction of the decision matrix by the help of decision experts in terms of linguistic terms. The
linguistic terms are then converted to a HFN.
Let i number of restaurants and j number of factors. Let NV denotes the number of decision makers (DMs).
Then evaluate the value of a,,, l;pq, Cpq> Jpq, €pq and qu by equation (20) and the value of rpq, $pq find
by:

Tpg = Milyp—123,... N Tpgn
pq ] prq (28)
Spq = Mllp=123,... N Spqn

(if) To evaluate the normalized HFN fuzzy decision matrix:
N =[npglijy  p=1,2,3,...,3; ¢=1,2,3,...,j

Gpg bpg Cpg dpg €pq .
wg = (e o S T ) € BA, £ =k

* * * *

NVB a* a* a* a* a a
2 =N\ Toa" e T o by
pq pq Pq Pq pq pq

where B.A and N.B.A signifies the benefit attributes and non-benefit attributes, respectively.
(iii) To evaluate the weighted fuzzy normalized matrix, the sub-factors’ fuzzy weights describe on equation (27)
are multiplied with the normalized fuzzy value:

);rpq,qu> d e N.B.A, ¢ =minay,

WN = [qu]ij (30)

where Ppy = Npg * Wy, p=1,2,3,...,i; ¢=1,2,3,...,].
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(iv) Calculate the fuzzy positive ideal solution (FPIS) (PIST) and fuzzy negative ideal solution (FNIS) (NIS™),
where a;‘ denotes the maximum value of a,, and a, denotes the minimum value of a,q:

PIS* = {a],a7,.. .,a;r} = {(max apq4|q € M), (min apylqg € Mnp)} } 31)

NIS™ ={aj,a5,... ,aj_} = {(min ap,|q € Mp), (max apqlg € Mnp)}

where Mp denotes the benefit attributes and My g denotes the non-benefit attributes.
(v) Calculation of the distance measure of all alternatives from the PIS and NIS. The two Euclidean distances
for individual alternatives can be calculated as follows:

L;:ZQZId(PPQ7q;_)a p:152737"'7i (32)
L, = 21]1:1 d(Ppg;qy ), p=1,2,3,...,i
where d(.,.) denotes the Euclidean distance between two fuzzy numbers.
(vi) Determination of the relative closeness to the ideal alternatives:
I-
R,=—F—%2— (33)
RO A

where p =1,2,3,... 1.

(vii) Rank the alternatives:
The alternatives are ranked based on the score obtained by R,. The larger value of R, signifies the better
alternatives.

3.4. Fuzzy Complex Proportional Assessment (FCOPRAS) approach

The COmplex PRoportional ASsessment (COPRAS) was first introduced by Zavadskas, Kalklauskas and
Sarka [53]. An extended representation of COPRAS is Fuzzy COPRAS (FCOPRAS) which is used for ranking
of the alternatives in various decision making problem [54]. This method is based on stepwise ranking and
evaluation of the alternative in reference to utility degree and significance. Earlier COPRAS method were applied
by Ghosh et al. in site selection [11], Fouladgar et al. in property management [55], economy by Narayanamoothy
et al. [56], Evaluating the potential capability of air cargo sector Tolga and Durak [57], selection of optimal
material for solar car by Ghose et al. [58]. The procedure of FCOPRAS method includes the following steps:

(i) Construction of HFN decision matrix by the opinion of decision experts. The DM’s assigns linguistic terms
with respect to the factor.
(ii) The normalized matrix is calculated in the same way as discussed in FTOPSIS method using equation (29).
(iii) Construction of weighted normalized matrix by multiplying the factor weights and the normalized matrix
using equation (30).
(iv) Evaluation of the beneficial attributes (BA) and non-beneficial attributes (NBA) denoted as BT and B~
respectively as follows:

m m m m m m
+ _ WN WN WN WN WN WN
CR POUED LD ELD SEAD LD Sl
p:lv p=1 4 p=1 ?:1 p:ll p=1 ' | (34)
K3 2 K2 7 7 K3
- _ WN WN WN WN WN WN
S YA LD VLS oD oA
p=m+1 p=m+1 p=m+1 p=m+1 p=m+1 p=m-+1
where equation (30) gives the value of aXVN,bZVN,cXVN,dXVN.eZVN, ;’VN and p = 1,2,...,m denotes the
beneficial attributes and p = m~+1, m+2, ..., i denotes the non-beneficial attributes among the alternatives.

In this study, only price of the food (Fj1) is the non-beneficial sub-factor. All others factors and sub-factors
are Beneficial attributes in this research. Beneficial criteria are those criteria where enhancement of value
will benefit the customers, for non-beneficial criteria it is the reverse.
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(v) At the end, defuzzification of HFN is done using the centroid-based method (CBM) of a hexagonal fuzzy
number. The value of Sqt for the beneficial attributes and Sq~ for the non-beneficial attributes are
calculated.

(vi) Finally, calculation the equation:

Cq=Sq* + 75;;_;; (35)
where ]
{G = 22:1 Sq j
H =5 s
and ¢ =1,2,...,7 are the alternatives.
(vii) Now, ranking the alternatives from the above data.
R= chjax x 100% (36)

where Cq denotes the gth defuzzified value and Cgpax denotes the maximum defuzzified value from the
considered alternatives.

3.5. Pseudo code depicting the empirical study application

[P+

The research model under consideration involving “/” number of alternatives based on “j” number of factor
is represented below. The input taken in our study are the preferential linguistic terms assigned by DMs. These
variables are converted to HFN for obtaining the output i.e., the ranking of the alternatives. i = Restaurants
location as alternative = j = Number of factor ¢ x j = Size of the matrix
Input: The preferential rating matrix in terms of HFN
Output: The ranking order of the restaurants location as alternative in the TOPSIS approach
l.for (p=1toi,g=1toj) do
2. Generate HFN by DMs.

For every given criteria create a matrix and compare the given criteria with each other using linguistic terms
in HFN 1-9 scale

3. Calculating criteria weight in HFN by using FAHP.

4. Use HFN AHP methodology to check whether the matrix is consistent or not.

5. If the matrix is consistent, calculate HFN-TOPSIS for ranking of restaurants location as alternatives.
Else, Go back to step 4.

6.  Construct normalized values N Z.y

N = [npglij, p=12...,15¢=12,...,j;
Apg bpg Cpg dpg €pg |, _
qu:<<fq,fq,fq,?Q,fq,fq;rm,qu>>, deBA., f*=max fo

AN A A A A
~ % ~% ~ % ~% ~% ~ %k
a a a a a a ~ .
NNB — — = =T, S deNB.A., a* =min a
pq ’ ’ s I'pgyr 2 pq ) ) rq
qu epq dpq Cpq bpq a’Pq

7.  Generate weighted normalized value P,q = Npq X
8.  Calculate (FPIST) and (FNIS™)

q3

PIS* = {af,a3,...,a] } = {(max apela € Mp), (min a,4lq € Myp)}
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NIS™ = {ay ,a3,... ,a;} = {(min apq4la € Mp), (max ayqlg € Mnp)}

9.  Calculate distance measure of each alternatives from (PIST) and (NIS™)

J J
L; - Zd(qu,q;'), L, = Zd(qu,q;)
g=1 q=1
10.  Compute relative closeness R, = 7 ,T:]; ;

11. end for

4. FACTOR AND SUB FACTOR FOR ATTRACTING THE CUSTOMERS IN A RESTAURANT

A restaurant not only attracts people based on the food it has to offer but also due to various other
attributes/factors which are enumerated in Figure 5 and discussed below:

4.1. Food (F1)

To attract customers in a restaurant, the food items in the menu is an important aspect. Great taste of food
and consistently maintaining the quality of dishes help in making a strong relationship between customers and
the restaurant.

4.1.1. Price (F11)

Price sensitive Customers give significance to this attribute. Keeping in mind the preference and needs of
this segment of consumers, focusing on price of the food is an important sub- factor.
4.1.2. Food Quality (Fi2)

A restaurant is known by the food it serves. The quality of the food items being offered should match the
profile of the target audience to whom it is served. Customer’s flock into a restaurant based on various attributes
of the food namely (i) Appearance (shape, size, gloss, colour etc), (i) Oiliness of the food, (iii) Flavour, (iv)
Nutritional content, (v) Ethical and sustainable raw materials used etc.

4.1.8. Variety (Fi3)

Variety of food is important as it depends upon the likes and dislikes of the customers. If foods of all variation
are available e.g. Chinese, continental, north Indian etc. consumers will prefer more to go that specific restaurant
which avail all types of cuisine.

4.2. Service (F»)

In the restaurant industry good service is very important. It may success their overall restaurant business.
Good quality service will enhance the frequency of visit by a satisfied customers.

4.2.1. Service Quality (Fa1)
Reliability, responsiveness, tangibility, empathy and assurance are the key dimensions through which service
quality is measured. These dimensions of service quality are very important from customer’s perspective [59].

4.2.2. Behavior (Fa2)

The first aspect which touches a customer, even before the taste of food hits the tongue is the behaviour
of the staff personnel who take down the order as well as deliver the food. If their behaviour is polite then it
attracts customers to keep ordering for more food items whereas impolite behaviour is often the ground for low
sales of the restaurant.
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Factor Attracting
the customers

Factor 1 Factor 1T Factor 11T Factor IV Factor V
Food F; Service F, Image F3 Location F Occasion Fj
Sub-Factor 1 Sub-Factor 1 Sub-Factor I Sub-Factor 1 Sub-Factor 1
i i Service — Past i i Quick
Price Fi; Quality Fb; Experience F3; Area Fyy Meal F5,
Sub-Factor 11 Sub-Factor 11 Sub-Factor 11 Sub-Factor II Sub-Factor IT
— Food | | ‘Word of i i
Quality Fio Behavior Fy, Mouth Fjo Parking Fy, Social Fso
Sub-Factor ITT Sub-Factor 111 Sub-Factor I11 Sub-Factor ITT Sub-Factor IIT
— i Quick | Online L i Business
Variety Fi3 Service Fy3 Review F33 Safety Fy3 Necessity Fs3
Sub-Factor IV Sub-Factor IV
|| Pleasant ||
Physical .
Environment Fy, Celebration Fsy

FIGURE 5. Factor and sub-factor for attracting the customers in a restaurant.

4.2.3. Quick Service (Fa3)

Customers who are in a hurry, mostly want everything in short time. When it comes to restaurants near busy
road, railway stations, bus terminus customers prefer places where foods are served quickly and efficiently. The
pandemic has impacted the restaurant business worldwide, thus quick service restaurant are the specific ones
which serves food within minimal possible time.

4.2.4. Pleasant Physical Environment (Fay)

Pleasant physical environment symbolises noise, soothing fragrance, music and temperature. Loud and harsh
music affects the emotions of customers in restaurants. Soothing light, fragrance enhances customer’s mood
and emotions and thus influences food consumption. Certain temperature impacts the consumer’s behaviour
negatively. So, pleasant ambience is a significant factor in restaurant selection and building a long standing
relation with the customers.

4.3. Image (F3)

Image of a restaurant in the eyes of a customers help in building loyalty and new customer base. Strategic
marketing, maintaining quality helps in building image.

4.8.1. Past Experience (F31)

Past pleasing experience always helps in retaining customers. Satisfactory service leads to a loyal customer
base.

4.8.2. Word of Mouth (Fs2)

One will always prefer the restaurant which has earned reputation with time. Customers often opt for the
restaurant which has gained a lot positive feedback from their past consumers.
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SELECTION OF RESTAURANT

LocarioNn
OCCASION Fj
Foop F; SERVICE I IMAGE F3 LOCATION F} (1) QUICK MEAL
(1) PrICE (Fyy) (1) SERVICE QUAL- (1) PAST EXPERI- (1) AREA (Fy) (Fs1)
(2) FooD QUALITY 1Y (Fo1) ENCE (F31) (2) PARKING (Fl2) (2) SocIAL (F5o)
(F12) (2) BEHAVIOR (Fha) (2) WORD oF (3) SAFETY (Fjys) (3) BUSINESS NE-
(3) VARIETY (F13) (3) QUICK SERVICE MouUTH (F32) CESSITY (F53)

(Fa3)

(3) ONLINE REVIEW

(4) CELEBRATION

(4) PLEASANT PHYS- (Fi3) (F54)
ICAL ENVIRON- § Z
MENT (Fby)

PARK
STREET
Ay

BALLYGUNGE CHINA TOWN HATIBAGAN EM Bypass KOLAGHAT AIRPORT
Ay Ay Ay As Ag Aq

FIGURE 6. Hierarchical structure representing the factors and sub-factors with alternatives.

4.8.8. Online Review (F33)

In this world of technology, people use their smart phones, laptops etc. in order to check the review of the
restaurant such as rating, image, menu, direction to have a clear impression on their mind for the particular
restaurant. Thus, making it easier and convenient for them to select the restaurant.

4.4. Location (Fy)

The location of the restaurant is important. This location preference varies from one restaurant to the other
based on their target audience. In case a restaurant is built without keeping these in mind it will not get a good
number of customers.

4.4.1. Area (Fy1)

An adequate area is necessary for a restaurant layout. The consumer seating place should be at an optimal
distance and properly ventilated from the restaurant kitchen, pantry and storage room such that the noise of
preparation of food and the smell of cooking do not reach the consumers.

4.4.2. Parking (Fys2)

Whenever a customer with own vehicle contemplates about having food in a restaurant the first thought that
strikes is about its parking options. A good parking area ensures that the customer will be able to have his
meal in peace and feel contended thereby increasing the chances of his coming back to the restaurant again and
again.

4.4.3. Safety (Fy3)

The safety factor inside and around a restaurant is important since the customers come to the place to relax
and consume food. If there is any kind of compromise on the customer’s safety then it won’t be long before it
goes out of business.

4.5. Occasion (F5s)

Social gatherings, celebrations, quick meals, business events are different occasions for which restaurants are
availed to have food service within the venue.
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TABLE 3. Alternative consider in this paper and details of those alternatives.

Location Latitude and longitude Location Latitude and longitude
Park Street (A1) 22.5768 °N; 88.3504 °E  Ballygunge (A2) 22.5280 °N; 88.3659 °E
China Town (As) 22.5739 °N; 88.3556 °E  Hatibagan (A4) 22.5975 °N; 88.3707 °E
EM Bypass (As) 22.4942 °N; 88.4008 °E  Kolaghat (Ag) 22.4352 °N; 87.8607 °E
Airport (A7) 22.6531 °N; 88.4449 °E

4.5.1. Quick Meal (F51)

For any type of restaurant service for quick meal is a popular strategy for attracting people specially those
who are in hurry. The places like train station, airport, busy road adjacent locations, refueling stations etc. are
the places where people search for quick meals.

4.5.2. Social (Fs2)

Celebration like ring ceremony, marriage like social occasions requires suitable venue. many a times suitably
located restaurant are preferred for such occasions.

4.5.3. Business Necessity (Fs3)

Corporate events and business meets are arranged keeping in mind various commercial dimensions. These
events are regularly held in restaurants depending on number of crowds and profile of the attendees. This
segment is lucrative part of restaurant business.

4.5.4. Celebration (Fs4)

Birth day, friendship day etc like celebration may be arrange in a restaurant.
Figure 6 represents the hierarchical structure of the numerical study taken into consideration.

5. MODEL SET UP AND CORRESPONDING PROBLEM

Seven location in the state of West Bengal, India is chosen for this study. The locations are: Park Street (A;),
Ballygunge (Az), China Town (Aj3), Hatibagan (A4), EM Bypass (45), Kolaghat (Ag) and Airport (A7). Their
Latitude and Longitude are given in the following Table 5. The satellite location are shown in Figure 7.

Our objective is to rank the locations of restaurant as per preference. We first measure the factors and
sub-factors for each location by two decision makers (DM).

5.1. Data source for the study

Data has been collected from customers, restaurant owners and people associated with restaurant business.
They were interviewed relating to the questions associated with various important attributes of restaurant and
eating pattern. Information regarding factors and sub factors associated with this problem, like the ongoing
competitive price associated with the food variety has been collected from two restaurateurs.

5.2. Linguistic terms expressed in HFN in different scale

Linguistic terms are expressed in 1-9 scale and HFN scale for analysing data. Relation between different scale
are describe in Table 4.
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TABLE 4. Linguistic terms in hexagonal fuzzy number (HFN) in 1-9 scale.

Linguistic terms 1-9 Scale Hexagonal fuzzy number (HFN)
Equally important (EI) 1 (1,1,1,1,1,1)

Moderately important (MI) 3 (2,4,5,6,6.5,7)

Strongly important (SI) 5 (3.5,5,6,7,8,8.9)

Very strongly important (VSI) 7 (6,7,7,8,9,9.5)

Absolutely important (AI) 9 (7,8,9,9,9.5,10)

Moderately not important (MUI) 1/3 (1/7,1/6.5,1/6,1/5,1/4,1/2)
Strongly not important (SUI) 1/5 (1/8.9,1/8,1/7,1/6,1/5,1/3.5)
Very strongly not important (VSUI) 1/7 (1/9.5,1/9,1/8,1/7,1/7,1/6)
Absolutely not important (AUI) 1/9 (1/10,1/9.5,1/9,1/9,1/8,1/7)

TABLE 5. Factor matrix for comparison between two design makers (DMs).

Food (F1) Service (F5) Image (F5)  Location (Fy) Occasion (F5)

Factor DMI DM2 DMI DM2 DMI DM2 DMI DM2 DMI DM2
Food (F}) EI EI Al Al EI EI MUI MUI  MI  MI
Service (F») AUl AUI  EI EI ST ST AT AT ST ST
Image (Fj) EI EI SUI  SUI  EI EI MUI SUI  MI  SI
Location (F4) MI ~ MI ~ AUI AUI MI  SI EI EI MI  MI

Occasion (F5) MUI MUI SUI SUI MUI SUI MUI MUI EI EI
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TABLE 6. Sub-factor matrix for Food (F})

Price (F11)  Food Quality (Fi2) Variety (Fis)

Sub-factor

DM1 DM2 DM1 DM2 DM1 DM2
Price (Fi1) EI EI EI EI MUI  SI
Food Quality (F12) EI El EI EI MUI  SI
Variety (Fi3) MI SUI MI SUI EI EI

TABLE 7. Sub-factor matrix for Service (F3).

Service Qual- Behavior (Fa2) Quick Service Pleasant

Sub-factor ity (Fa1) (F23) Physical
Environment
(F24)
DM1 DM2 DM1 DM2 DM1 DM2 DM1 DM2
Service Quality (F21) EI EI SI SI EI EI SUI MUI
Behavior (F»2) SUI SUI EI EI VSI SI ST SI
Quick Service (Fa3) EI EI VSUI SUI EI EI SUI MUI
Pleasant Physical Environment (Fz4)  SI MI SUI SUI SI MI EI EI
TABLE 8. Sub-factor matrix for Image (F3).
Sub-factor Past Experience (F31) Word of Mouth (F32)  Online Review (F33)
Hb-lacto DMI DM?2 DMI DM?2 DMI DM?2
Past Experience (F31) EI EI SI VSI SI VSI
Word of Mouth (Fj32) SUI VSUI EI EI SI SI
Online Review (F33) SUI VSUI SUI SUI EI EI

TABLE 9. Sub-factor matrix for Location (Fy).

Area (Fy1)  Parking (Fu2)  Safety (Faa)
bDM1 DM2 DM1 DM2 DM1 DM2

Area (Fy1) EI EI  VSUI SI VSUI  VSUI
Parking (Fis) VSI  SUI  EI EI MUI  VSUI
Safety (Fiu) VSI  VSI  MI  VSI  EI EI

Sub-factor

5.3. Factor to factor comparison conducted by two DMs

Table 5 describe the opinions of two DMs in linguistic terms. All five factors Food (F}), Service (F3), Image
(F3), Location (Fy) and Occasion (F5) are consider with 1st Decision Maker (DM1) and 2nd Decision Maker
(DM2).

Table 6 describes the decision makers review in linguistic terms of the sub-factor Food (F}). Similarly,
Tables 7-10 describes the decision makers review in linguistic terms of the sub-factors Service (Fz), Image (F3),
Location (Fy) and Occasion (F5) respectively.
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TABLE 10. Sub-factor matrix for Occasion. (Fj)
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Quick Meal (F51 )

Social (F52)

Business Necessity (Fs3) Celebration (Fs4)

Sub-factor DMI _DM2 DMI DM2 DMI _ DM2 DMI _DM?2
Quick Meal (Fs;) EI EI SUI  VSI  VSUI VSI SUI  EI
Social (Fs2) SI VSUI EI SUI  VSUI EI SUT
Business Necessity (Fs3) VSI VSUI VSI EI EI SI SI
Celebration (Fs4) ST EI ST SUI  SUI EI EI

TABLE 11. Description of preference of factors in defuzzified form using CBM method.

Factors Food (F1) Service (F») Image (F3) Location (Fy) Occasion (Fs)
Food (F}) 1.00 8.90 1.00 0.21 5.22
Service (F2) 0.11 1.00 6.54 8.90 6.33
Tmage (F3) 1.00 0.17 1.00 0.20 5.89
Location (Fy) 5.34 0.11 6.01 1.00 5.22
Occasion (F5) 0.21 0.17 0.20 0.21 1.00
Sum 7.67 10.34 14.74 10.54 23.66
TABLE 12. Representation of the normalized weight of the factors.
Factors Food (F1) Service (F») Image (F3) Location (Fy) Occasion (F5)
Priority Weight 0.24 0.33 0.11 0.28 0.04

TABLE 13. The priority of factors weight are represented.

Factors Food (F1) Service (F») Image (F3) Location (Fy) Occasion (F5) Sum
Food (F1) 0.24 2.89 0.11 0.06 0.22 3.93
Service (F2)  0.03 0.33 0.73 2.47 0.27 3.82
Image (F3) 0.24 0.05 0.11 0.06 0.25 0.71
Location (Fy) 1.30 0.04 0.67 0.28 0.22 2.50
Occasion (F5) 0.05 0.05 0.02 0.06 0.04 0.23

Table 11 describes the preference of factors in defuzzified form by CBM method using the equation (12). The

6. NUMERICAL ILLUSTRATION

normalized weight of the factors are represented in Table 12 by using the equation (21).

The weight of the factors are represented in Table 13, using the equation (22). This table shows that the
highest weight amongst the factor is Service (F»), followed by Location (Fy), Food (F}), Image (F5) and the
least weight is obtained for the factor Occasion (F5) for selection of the best site for restaurant in Kolkata; the

capital city of West Bengal, India.

In Table 14 describe the linguistic variables rating in terms of HFN for alternative rating. Table 15 shows

the fuzzy weights of the factors, sub-factors and global weight (sub-factors) in HFN.

Note 2. In HFN r and s represents the membership function of By and (s respectively. Here r = s = 0.5 for

the numerical application.



A NEW SYNERGISTIC STRATEGY FOR RANKING RESTAURANT LOCATIONS 595

TABLE 14. Linguistic variables represented using HEN for alternative rating with respect to
sub-factor.

Linguistic terms Hexagonal fuzzy number (HFN)
Extremely good (EG)/extremely high (EH) (6,7,7.5,8,8.5,9)

Very good (VG)/very high (VH) (5.5,6,7,7.5,8,8.5)

Good (G)/high (H) (3.5,4.5,5,6.5,7,8)

Poor (P)/low (L) (3,4,4.5,5.5,6.5,7)

Very poor (VP)/very low (VL) (1,1.5,2.5,3.5,5,6)

Park Street A1~ Ballygunge A2  China Town A3  Hathibagan A4  EM Bypass A5 Kolaghat A6 Airport A7

m FTOPSIS mFCOPRAS

.5
.5

N W R Y

O

FIGURE 8. Presentation of the ranking obtained by the two MCDM technique FTOPSIS and
FCOPRAS.

Tables 16 and 17 describes the comparison table for rating of alternatives in linguistic variables with respect
to sub-factors by two decision makers (DMs).

Table 18 describes the positive relative distance and negative relative distance between alternatives and
ranking them by evaluating data of relative closeness by FTOPSIS method. Similarly, Table 19 describe the
positive relative distance and negative relative distance between alternatives and ranking them by evaluating
data of relative closeness by FCOPRAS method.

Remarks 1. Ranking of the best restaurant location depends on several conflicting factors and sub-factors
with uncertainty of the selection problem. As, fuzzy logic handle these attributes appropriately, HFN is used in
this research to capture the uncertain and imprecise data of the factors, sub-factors and alternatives. HFN is an
efficient tool comparative to triangular fuzzy number (TFN), trapezoidal fuzzy number (TrFN) and pentagonal
fuzzy number (PFN) which is in the comparative analysis section. The DMs uncertainty can be better captured
using HFN. In real life scenario, DMs have to assign linguistic rating for factors and alternatives. These linguistic
terms are then transformed to HFN. Finally, HFN is integrated with MCDM tools AHP, TOPSIS and COPRAS
to yield weight and ranking of the factors and alternatives respectively. Thus, Considering the problem of this
study i.e., ranking of the best restaurant location, we have used HFN.

Figure 8 represented the ranking of alternatives by two MCDM techniques TOPSIS and COPRAS in HFN
field.
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TABLE 15. Fuzzy weights of factors, sub-factors and global weight (sub-factors) in HFN.

Factor weight

Sub-factor weight

Global weight

Fy = (0.14,0.19,0.22,0.26, 0.32, 0.47)

F, =(0.18,0.25,0.31,0.35,0.44, 0.60)

Fs = (0.60,0.08,0.10,0.12,0.15, 0.24)

F, = (0.11,0.20, 0.26,0.31,0.39, 0.53)

F5 = (0.02,0.03,0.03,0.04,0.06,0.12)

Fiq =
(0.07,0.07,0.32,0.37, 2,2.07)

Fia =
(0.07,0.07,0.32, 0.37, 2, 2.07)

Fi3 =
(0.3,0.03,0.29,0.35, 3.48, 3.66)

Fy =
(0.12,0.16,0.2, 0.25,0.32, 0.48)
Fso =
(0.17,0.24,0.32,0.4,0.52,0.73)
I3 =
(0.05,0.06,0.08,0.09,0.13,0.2)
Foy =
(0.13,0.22,0.3,0.38, 0.5,0.72)

I3 =
(0.37,0.5,0.68, 0.82, 1.09, 1.38)
F3o =
(0.11,0.14, 0.18,0.22,0.29, 0.42)
F33 =
(0.04,0.04,0.05,0.06, 0.09,0.13)
Fy =
(0.03,0.03,0.1,0.12,0.3,0.11)

Fy2 =
(0.04,0.04,0.11,0.13,0.37,0.61)
Fiys =
(0.35,0.45,0.7,0.85,1.23,1.64)

F5 =
(0.02,0.01,0.13,0.16, 1.31,0.23)
Fs2 =
(0.02,0.01,0.08, 0.1, 0.49, 0.62)
Fs3 =
(0.12,0.09,0.43,0.52, 2.21, 0.94)
Fsq =
(0.07,0.04,0.27,0.32,2.08,2.55)

Fi1 =
(0.01,0.01,0.07,0.1,0.63,0.98)

Fip =
(0.01,0.01,0.07,0.1, 0.63, 0.98)
Fi3 =
(0.01,0.01,0.06,0.09, 1.1, 1.73)
Fy =
(0.02,0.04, 0.06,0.09, 0.14, 0.29)
Fy2 =
(0.03,0.06,0.1,0.14, 0.23, 0.44)
Fy3 =
(0.01,0.02,0.02,0.03,0.05,0.12)
Foy =
(0.02,0.05,0.09,0.13, 0.22, 0.43)
F3;

(0.02,0.04, 0.07,0.1,0.17, 0.34)
Fso
(0.01,0.01,0.02,0.03,0.04,0.1)
F33
(0.002,0.003,0.01,0.01,0.01,0.03
Fy
(0.004,0.01,0.02,0.04,0.12,0.06
Fy2 =
(0.004,0.01,0.03,0.04,0.14,0.33)
Fuys3 =
(0.04,0.09,0.18,0.27, 0.48, 0.87)

Fs5; =
(0.001, 0.001,0.005,0.01,0.08, 0.0 )
Fjso =
(0.001, 0.001, 0.003,0.004, 0.03,0.07)
Fs3 =
(0.003,0.003,0.01,0.02,0.13,0.11
Fs4 =
(0.001,0.001,0.01,0.01,0.12,0.3)

=
| <

TABLE 16. Comparison table in linguistic variables by decision maker 1 (DM1).

DM1 Sub-factor
Fy1 Fio  Fiz3  Fo1 Fao  Foy  Foy  F31 F3o  F33  Fy1 Fya Py Fs1 Fsa  Fsz  Fsy
Park Street (A1) VH VG EH EH EH EH EG EG EG EG EG P EH EG EG EH EG
¢ Ballygunge (A2) EH EG VH VH VG EH EG EG EG EG EG P EH P EG H EG
% China Town (A3) H G H H G H G G G G P G H p G VL G
£ Hatibagan (A4) L G L L G L P P G P P A\ H G P VL VP
£ EM Bypass (A5) H VG L L G L G G G G G G H P G H G
< Kolaghat (Ag) L ¢ L H ¢ L P ¢ P P G G L G P VL VG
Airport (A7) L ¢ L H ¢ H ¢ & P ¢ G & L G P VL &
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TABLE 17. Comparison table in linguistic variables by decision maker 2 (DM2).

997

DM2 Sub-factor
Fy1 Fip  Fi3  Fo1n Fao  Foy  Foy  F31  F3o  F33  Fy1 Fyo  Fug  Fs1  Fsa  Fsz  Fsy
Park Street (A1) VH VG EH EH EH EH EG EG EG EG EG P EH EG EG EH EG
$ Ballygunge (42) EH VG VH VH VG EH V& VG EG V& VG P EH P EG H EG
% China Town (A3) H G H H G H G G G G P G H P G VL G
E Hatibagan (A4) L P L L G L P P G P P A\ H G P VL VP
£ EM Bypass (45) H G L L G L G G G G G G H P G H G
<« Kolaghat (Ag) VL G L H G L P G P P G G L G P VL G
Airport (A7) L ¢ L H ¢ H ¢ G P ¢ G & L & P L V&

TABLE 18. Relative distance between alternatives and ranks by evaluating data of relative

closeness by FTOPSIS method.

Alternatives Lp+ Lp— R, = ﬁ Ranking
Park Street (A1) 0.038218 0.968535 0.962038 1
Ballygunge (Az2) 0.11621 0.916555  0.887477 2
China Town (Asz) 0.463056 0.571668  0.552483 3
Hatibagan (A4) 0.684387 0.349598 0.338108 6
EM Bypass (4s) 0.504143 0.523579  0.509456 4
Kolaghat (As) 0.908425 0.12678 0.122468 7
Airport (A7) 0.584408 0.442658 0.430993 5

TABLE 19. Relative distance between alternatives and ranks by evaluating data of relative

closeness by FCOPRAS method.

Alternatives Sq™ Sq~ Cq R(%) Ranking
Park Street (A1) 1.501891 0.038295 1.595873 159.5873 1
Ballygunge (Az) 1.464773 0.034311 1.569666 156.9666 2
China Town (As) 1.252848 0.054506 1.318877 131.8877 3
Hatibagan (A4) 1.158175 0.062447 1.215808 121.5808 6
EM Bypass (A4s) 1.243346  0.054506  1.309376 130.9376 4
Kolaghat (As) 1.189432 0.161916 1.21166 121.166 7
Airport (A7) 1.207976  0.062447 1.265609 126.5609 5

6.1. Computational complexity

In this section we describe the computational complexity for proposed fuzzy MCDM model. The computa-
tional complexity idea is not new (see [60-62]), but here we find the same for our problem. The number of
calculation has been use to determine the time complexity which is denoted by T on this problem. We also
denoting 7 as the number of factors, j as the number of sub-factors, & as the number of alternatives and N
as the number of decision makers. Therefore the following steps are taking the calculating the computational

complexity.

(1) Each FAHP comparison matrix is of i entries, therefore the entries given by N DMs is of N x i2 entries.
To find the comparison matrix need Ni? number operations. Then for defuzzification process 4> operations
need and for normalised the defuzzified comparison matrix also i operations performed. Then for nth root
and factor weight there are 2i operations. Factor weight calculated by i? operations also. There after factor
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sum and sum/weight calculated by 2i operations. Finally consistency ratio calculated by 3 more operations.
The total calculation needs N x 32 4 i? + i2 + 2i + 12 + 2i + 3 = (N + 3)i%2 + 47 + 3 number of operations.

(2) For Hexagonal Fuzzy Weight of factors and sub-factors, calculate geometric mean by i? operations. For

sum, inverse and calculate factor weight we performed i + i + i = i2 + 2i calculation. Total i% + 2 + 2¢
= 2¢2 + 2i calculation conducted.

For sub-factor weight, j = ji + j2 + - -+ + j; number of sub-factors with N decision makers is there. So for
the comparison matrix need to calculated N (j% + j2 + - - - + j2) operations. For geometric mean conducted
j2 +j2 4 -+ j? operations. Then for sum and inverse there are 2 x (j; + j2 + - - - + j;) operation needed.
Finally, calculated sub-factor weight by j7 + j3 + - -+ + j? operations. Then total operations of sub-factor
weight is N(jf + 73 + -+ 57) + GF + 5 + -+ 7)) +2x G +da+ - +5) + T + 53 + - +57) =
(N +2)(5F + 5 + - +57) + 201 +j2 + - + i)

Grand total calculation for factor and sub-factor weight calculation is 2(i%+i)+(N+2) (j + j3 + - - + jZ) +
2(j1 + J2 + -+ Ji)-

(3) For FTOPSIS method, decision matrix is k x j entries with N DMs, so there are N jk entries. To construct

the decision matrix Njk operations. For findings normalized and weighted normalized decision matrix
need to performed 2jk operations. For finding positive and negative ideal solution there are 2j number
of operations conducted. Measure the distance form positive and negative ideal solution there are 2jk
operations and for calculated total sum 2k numbers of operations performed. Finally compassion ratio and
ranking the alternatives 2k operations needed. Then total Njk+2jk+2j+2jk+2k—+2k = (N+4)jk+2(j+k)
number of operations performed.

(4) For FCOPRAS methodology, up to weighted normalized decision matrix Njk + 2kj calculation performed.

Then calculated sum of beneficial and non-beneficial attributes 2k number of operations performed. For
defuzzification process 2k number of operation conducted. Then calculated @); values for k operations
conducted. Finally £ number of operation performed to rank the alternatives. Total Njk + 2kj + kj + 2k +
2k + k+ k = (N + 3)jk + 6k number of operations conducted.

Thus the time complexity of this study 7T is calculated as factor i = 5, sub-factor j = 17, alternatives k =7

and decision maker N = 2 are given as follows

For FAHP, number of calculations are (2 +3) x 52 +4 x 5 + 3 = 148.

For weight, number of operations are 2 x 52 + 2 x 5 = 60.

For FTOPSIS, number of operations are (2+4) x 17 x 7+ 2 x (174 7) = 762.
For FCOPRAS, number of calculations are (2 4+ 3) x 17 x 7+ 6 x 7 = 637.

Then the total time complexity T' = 148 4 60 + 762 + 637 = 1607.

7. COMPARATIVE ANALYSIS

Comparative study has been conducted to validate the consistency and robustness of the ranking. To check

the efficacy of the methods used, FTOPSIS and FCOPRAS ranking tools are integrated with various uncertain
environment i.e., triangular fuzzy number (TFN), trapezoidal fuzzy number (TrFN) and pentagonal fuzzy
number (PFN) with respect to hexagonal fuzzy number (HFN).

7.1. Comparative analysis using FTOPSIS method

Table 20 shows the consistency of alternatives ranking using FTOPSIS method inherent with FAHP in the

number TEN, TrEN, PFN & HFN and Figure 9 depicts the graphical presentation of the alternatives ranking.

Remarks 2. Form Table 20 and Figure 9 we see that, the FTOPSIS ranking of the alternatives on the four
fuzzy numbers are same. Therefore we can conclude that the ranking of alternatives is consistence with respect

to

HFN also.
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TABLE 20. Ranking of the alternatives on the bases of different fuzzy numbers using FTOPSIS
method.

Alternatives TFN TrFN PFN HFN

Park Street (A4;1)
Ballygunge (Az2)
China Town (As)
Hatibagan (A4)
EM Bypass (4s)
Kolaghat (As)
Airport (A7)

[S1JEN QG- N Oy
ISR NGNS NI JUR Ry
IS RS NGNS N JCR CRy
TR O WN =

Al A2 A3 A4 AS A6 AT
mmTFN = TrFN =@ PFN —HFN

F1GURE 9. Illustration of comparative ranking of the alternatives using TFN, TrFN and PFN
with HFEN using FTOPSIS.

TABLE 21. The alternatives ranking on the bases of different fuzzy numbers using FCOPRAS
method.

Alternatives TFN TrFN PFN HFN

Park Street (A1)
Ballygunge (Az)
China Town(As)
Hatibagan (A4)
EM Bypass (As)
Kolaghat (Asg)
Airport (A7)

GO W~
GO = W~
GO W~
N OOWN =
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Al A2 A3 Ad AS A6 A7
BmTFN mmTrEN mmPFN —HFN

FIGURE 10. Demonstration of alternatives comparative ranking using TFN, TrFN and PFN
with HFN using FCOPRAS.

7.2. Comparative analysis using FCOPRAS method

Table 21 exhibit the steadiness of alternatives ranking using FCOPRAS method inherent with FAHP in
the number TEN, TrFN, PFN & HFN and Figure 10 depicts the representation of the alternatives ranking
diagrammatically.

Remarks 3. Table 21 and Figure 10 shown that the ranking of the alternatives is same for Park Street (A;),
Ballygunge (Az), China Town (As3), EM Bypass (A5) and Airport (A7) but the position of the alternatives
Hatibagan (A4) and Kolaghat (Ag) is interchanged for fuzzy numbers TFN, TrEN and PFN with HFN respec-
tively. Therefore, from comparative analysis, we conclude that HFN measure uncertainty of the DMs, gives most
probable and effective ranking of the alternatives. HFN shows proximity to the optimal result as it is observed
that FTOPSIS and FCOPRAS gives the same ranking of the alternatives.

8. SENSITIVITY ANALYSIS

Sensitivity analysis has been carried out to check the sensitivity of rankings based on different priorities
for different segment of customers. Our interaction with customers revealed that same customers may behave
differently based on the occasion and time availability. Thus the following cases of sensitivity analysis has been
taken into consideration.

8.1. Interchange sub-factors Price (F11) and Food Quality (Fi2)

Individual priorities for price of the food and food quality varies. There are customers sensitive to price and
some are sensitive to food quality. Thus this interchange of weightage is carried out to conduct the sensitivity
analysis.

Table 22 and Figure 11 represents the ranking obtained through the interchange the weights for the two
sub-factors “Price (F11)” and “Food Quality (Fi2)”. It shows the impact of interchanging weights.
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TABLE 22. Ranking of two MCDM methods (FTOPSIS and FCOPRAS) by interchange two
sub-factors Price (Fy1) and Food Quality (Fi2).

Alternatives FTOPSIS ranking FCOPRAS ranking
Park Street (A:1) 1 1
Ballygunge (Az2) 3 2
China Town (A3) 4 4
Hatibagan (A4) 7 7
EM Bypass (As) 6 6
Kolaghat (As) 2 3
Airport (A7) 5 5
7 /,./7\
6 /

\
\
\,

Park Street Ballygunge  China Town  Hathibagan EM Bypass Kolaghat Airport
FTOPSIS —FCOPRAS

FIGURE 11. Representation of sensitivity analysis: Interchange two Sub-factors Price (Fiq)
and Food Quality (Fj2) the ranking obtained by the two MCDM technique FTOPSIS and
FCOPRAS.

8.2. Interchange Service Quality (F21) and Quick Service (F23)

For customers with time constraint, quick service will be priority and for customers without time constraint,
may behave differently while selecting restaurant. Thus these two weights are interchanged to carry out sensi-
tivity analysis.

8.3. Removing the sub-factor Parking (Fj2)

For a segment of customers, parking facility is not under consideration as they avail public conveyance, hired
cars where no parking facility is required. Thus, for such customers parking weight will be 0.

Table 23 represents the ranking obtained through the interchange the weights for the two sub-factors “Service
Quality (F51)” and “Quick Service (Fa3)” and removing the Sub-factor “Parking (Fy2)”. It can be observe
removal of Parking has not impacted the ranking significantly.

Figure 12 represent of interchange two Sub-factors “Service Quality (F»1)” and “Quick Service (Fa3)” and
removing the Sub-factor “Parking (Fy2)” effects on Ranking of alternatives by two MCDM methods.

8.4. Removing the sub-factor Price (Fi1)

For a segment of customers price is not under consideration as they have affluence to afford it. Hence food
quality is getting more importance and price has no weightage for those customers.

The ranking of Fuzzy TOPSIS and Fuzzy COPRAS are calculated from the hexagonal fuzzy weightage of
the sub-factors by removing the sub-factor “Price (Fy1)” are describe in Table 24 and Figure 13.
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TABLE 23. Ranking of two MCDM methods (FTOPSIS and FCOPRAS) by interchange two
sub-factors Service Quality (F21) and Quick Service (Fa3) and removing the sub-factor Parking
(Fy2).

Alternatives FTOPSIS ranking FCOPRAS ranking

Park Street (A1)
Ballygunge (A2)
China Town (As)
Hatibagan (A4)
EM Bypass (4s)
Kolaghat (As)
Airport (A7)

FTOPSIS FCOPRAS
m Park Street m Ballygunge # China Town ® Hathibagan

QU = O W N+
QU = O W N+

[ R LV e SV B e N |

FIGURE 12. Representation of sensitivity analysis: Interchange two sub-factors Service Quality
(F1) and Quick Service (Fb3) and removing the sub-factor Parking (Fyz) give the same ranking
obtained by the two MCDM technique FTOPSIS and FCOPRAS.

TABLE 24. Ranking of two MCDM methods (FTOPSIS and FCOPRAS) by removing the
sub-factor Price (Fi1).

Alternatives FTOPSIS ranking FCOPRAS ranking

Park Street (A;)
Ballygunge (Az2)
China Town (As)
Hatibagan (A4)
EM Bypass (As)
Kolaghat (As)
Airport (A7)

GO W~
GO W~
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Park Street ~ Ballygunge  China Town  Hathibagan = EM Bypass Kolaghat Airport
FTOPSIS mFCOPRAS

[ Y =

S =

FIGURE 13. Representation of sensitivity analysis: Removing the sub-factor Price (Fip) the
ranking obtained by the two MCDM technique FTOPSIS and FCOPRAS.

TABLE 25. Ranking of two MCDM methods (FTOPSIS and FCOPRAS) by removing the
sub-factor Quick Service (Fa3).

Alternatives FTOPSIS ranking FCOPRAS ranking

Park Street (A;)
Ballygunge (Az2)
China Town (As)
Hatibagan (A4)
EM Bypass (As)
Kolaghat (As)
Airport (A7)

QU = O W N+
T W DN

8.5. Removing the sub-factor Quick Service (Fz3)

Many a times, for family outing and other occasions, the customers have plenty of time and hence quick
service facility is not under consideration at all.
Table 25 and Figure 14 represents the ranking obtained through the removing the sub-factor “Quick Service

(Fa3)”.

8.6. Removing the sub-factors Word of Mouth (F32) and Online Review (F33)

Customers with prior good experience are not interested in assigning any weightage to word of mouth and
online review. Their own excellent experience will be the sole deciding factors for a section of customers.

The rankings using Fuzzy TOPSIS and Fuzzy COPRAS are calculated from the Hexagonal Fuzzy weightage
of the sub-factors by removing the Sub-factors “Word of Mouth (F32)” and “Online Review (F33)” are describe
in Table 26 and Figure 15.

8.7. Removing the sub-factor Quick Meal (F51)

For restaurant selection, while having plenty of time to spend customers like to enjoy the pleasant environment
for longer duration, such situation reduces the quick meal weightage to O.
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A~ »n o 2
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1 /

Park Street Ballygunge  China Town  Hathibagan =~ EM Bypass Kolaghat Airport
—FTOPSIS FCOPRAS

FIGURE 14. Ranking representation of sensitivity analysis: Removing the sub-factor Quick
Service (Fa3) the ranking obtained by the two MCDM technique FTOPSIS and FCOPRAS.

TABLE 26. Ranking of two MCDM methods (FTOPSIS and FCOPRAS) by removing the
sub-factors Word of Mouth (F32) and Online Review (Fj3).

Alternatives FTOPSIS ranking FCOPRAS ranking

Park Street (A1)
Ballygunge (Az2)
China Town (As)
Hatibagan (A4)
EM Bypass (4s)
Kolaghat (As)
Airport (A7)

T O W=
LT = O W N =

8.8. Removing the sub-factor Social (Fs2)

For business and professional outing, for social outing weightage will be 0.

8.9. Removing the sub-factor Business Necessity (Fs3)

For social, family outings, the business necessity weightage will be 0.

8.10. Removing the sub-factor Celebration (Fs4)

For non-celebratory occasion like food for hunger and quick meal, the celebration weightage will be 0.

Above last four case; section 8.7, removing the sub-factor “Quick Meal (F51)”, Section 8.8, removing the sub-
factor “Social (Fs2)”, Section 8.9, removing the sub-factor “Business Necessity (F53)” and Section 8.10, removing
the sub-factor “Celebration (F54)” the ranking using Fuzzy TOPSIS and Fuzzy COPRAS are calculated from
the hexagonal fuzzy weightage of the sub-factors are give same ranks which are described in Table 26 and
Figure 15.
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FTOPSIS FCOPRAS
m Park Street ™ Ballygunge = China Town = Hathibagan = EM Bypass #®Kolaghat = Airport

FI1GURE 15. Representation of Sensitivity Analysis: Removing the sub-factors Word of Mouth
(F32) and Online Review (F33) the ranking obtained by the two MCDM technique FTOPSIS
and FCOPRAS.

9. PRACTICAL IMPLICATIONS

The aim of this research is to rank different restaurant locations in the city of Kolkata. For this purpose,
we took the data for different factors and sub-factors associated with the said problem by taking hexagonal
fuzzy numbers (HFN). This ranking is helpful for entrepreneurs who wish to invest in food vans, food truck,
mobile kitchen, mobile canteen, catering truck, food trailer, cloud kitchen and business entities who wish to
invest to start restaurant business, location specific utility. It also helps food lover to chose his destination.
Similar model can be applied in different cities and problems like tourism location ranking, weekend destination
ranking, theme park ranking etc.

10. CONCLUSION AND FUTURE RESEARCH SCOPE

10.1. Summary of problem and contributions

This research aims to evaluate the restaurants location selection using five factors and seventeen sub-factors.
The factors and sub-factors play a significant role for selection of restaurants. Seven location of Kolkata, India are
chosen as alternatives and those are Park Street, Ballygunge, China Town, Hatibagan, EM Bypass, Kolaghat and
Airport. Ranking of location depends on complex and conflicting attributes, experts opinion improves the quality
of the decision and help in optimal decision making. HFN is applied to deal with the hesitancy and vagueness of
the decision makers (DMs). MCDM tool analytic hierarchy process (AHP) with fuzzy set theory called FAHP
is applied to obtain factors and sub factors weight. The Technique for Order of Preference by Similarity to
Ideal Solution (TOPSIS) and COmplex PRoportional ASsessment (COPRAS) with Fuzzy environment called
FTOPSIS and FCOPRAS respectively are used for ranking of the alternatives. Further, comparative analysis
and sensitivity analysis are conducted to examine the sturdiness and robustness of the methods used.

10.2. The major findings

The results obtained through this research are discussed in this section. The ranking obtained under FTOPSIS
and FCOPRAS method yields the same ranking of the alternatives. The alternative “Park Street” ranks first
position followed by “Ballygunge”, “China Town”, “EM Bypass”, “Airport”, “Hatibagan” and “Kolaghat”
respectively. Tables 18 and 19 represent the ranking of these methods and Figure 8 graphically demonstrates the
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ranking. Comparative analysis is performed based on different type of fuzzy number and check consistency and
robustness of the alternatives ranking. Table 20 and Figure 9 represent the ranking of alternatives on FTOPSIS
method. Similarly, Table 21 and Figure 10 describe the alternatives ranking of FCOPRAS techniques. Sensitivity
analysis is conducted, discussed in Section 8 where different cases are considered in which the most sensitive
sub-factors weight are interchanged. The results yield through sensitivity analysis reveals the alternative “Park
Street” consistently holds the first position. The ranking so attained under sensitivity analysis are represented
in Tables 22, 23, 24 and 25. Graphically it is represented in Figures 11, 12, 13 and 14. The findings so obtained
using MCDM tools are rational and scientific. It provides future potential work to the researchers.

10.3. The limitations and directions for future research

This research is helpful for entrepreneurs who wish to invest in food vans, food truck, mobile kitchen, mobile
canteen, catering truck, food trailer, cloud kitchen and business entities who wish to invest to start restaurant
business, location specific utility. One of the limitation of this study is that it involve qualitative assessment
on various sub factors like food quality, pleasantness of the environment etc. These qualitative assessments are
imprecise and fuzzy in nature. In future research, we can extend the problem with different type of uncertainty
settings such as intuitionistic fuzzy, neutrosophic etc. Researchers can explore different sites and find the most
important factors and sub factors for a business venture. Similar model can be applied in different cities in
other states in India or other countries with different number of alternatives. This study can be applied various
problem like tourism location ranking, weekend destination ranking, theme park ranking etc.

Acknowledgements. The authors are very grateful to the anonymous referees for their valuable comments and useful
suggestions, which improved the quality of this paper.

Conflict of interest: All authors are declare that there is no conflict of interest in this study.

Data availability: All the necessary data are cited in the article.

REFERENCES

[1] J. Skinner, E. Chatzopoulou and M. Gorton, Perceptions of localness and authenticity regarding restaurant choice in tourism
settings. J. Travel Tour. Mark. 37 (2020) 155-168.

[2] J. Ha and S.C. Jang, Attributes, consequences, and consumer values: a means-end chain approach across restaurant segments.
Int. J. Contemp. Hosp. Manag. 25 (2013) 383-409.

[3] M. Pedraja and J. Yague, What information do customers use when choosing a restaurant? Int. J. Contemp. Hosp. Manayg.
13 (2001) 316-318.

[4] N. Ghorui, A. Ghosh, E.A. Algehyne, S.P. Mondal and A.P. Saha, AHP-TOPSIS inspired shopping mall site selection problem
with fuzzy data. Mathematics 8 (2020) (1380).

[5] S.A. Khan, A. Chaabane and F.T. Dweiri, Multi-Criteria Decision-Making Methods Application in Supply Chain Management:
A Systematic Literature Review, Multi-Criteria Methods and Techniques Applied to Supply Chain Management (2018) 1-31.
DOI: https://doi.org/10.5772/intechopen.74067.

[6] A. Sarkar, A. Ghosh, B. Karmakar, A. Shaikh and S.P. Mondal, Application of Fuzzy TOPSIS Algorithm for Select-
ing Best Family Car, 2020 International Conference on Decision Aid Sciences and Application (DASA) (2020) 59-63.
DOI: https://doi.org/10.1109/DASA51403.2020.9317175.

[7] M. Behzadian, R.B. Kazemzadeh, A. Albadvi and M. Aghdasi, PROMETHEE: a comprehensive literature review on method-
ologies and application. Eur. J. Oper. Res. 200 (2009) 198-215.

[8] O.S. Vaiday and S. Kumar, Analytic hierarchy process: an overview of application. Fur. J. Oper. Res. 169 (2004) 1-29.

[9] W. Ho, Integrated analytic hierarchy process and its applications — a literature review. Fur. J. Oper. Res. 186 (2007) 211-228.

[10] P. Biswas, S. Pramanik and B.C. Giri, TOPSIS strategy for multi-attribute decision making with trapezoidal neutrosophic
numbers. Neutrosophic Sets Syst. 19 (2018) 29-39.

[11] A. Ghosh, N. Ghorui, S.P. Mondal, S. Kumari, B.K. Mondal, A. Das and M.S. Gupta, Application of hexagonal fuzzy MCDM
methodology for site selection of electric vehicle charging station. Mathematics 9 (2021) 393.

[12] P. Biswas, S. Pramanik and B.C. Giri, TOPSIS method for multi-attribute group decision-making under single-valued neutro-
sophic environment. Neural Comput. Appl. 27 (2016) 727-737.

[13] I.M. Hezam, M.K. Nayeem, A. Foul and A.F. Alrasheedi, COVID-19 vaccine: a neutrosophic MCDM approach for determining
the priority groups. Res. Phys. 20 (2021) 103654


https://doi.org/10.5772/intechopen.74067
https://doi.org/10.1109/DASA51403.2020.9317175

[14]
[15]
[16]
[17]
18]
[19]

20]

21]
(22]

(23]
(24]

25]
[26]
27]
(28]

29]
(30]

(31]
32]
(33]
(34]
(35]
(36]
(37]
(38]
39]
[40]

[41]
42]

[43]
[44]

[45]

[46]
[47]

A NEW SYNERGISTIC STRATEGY FOR RANKING RESTAURANT LOCATIONS 607

N. Tanoumand, D.Y. Ozdemir, K. Kilic and F. Ahmed, Selecting cloud computing service provider with fuzzy AHP, in 2017
IEEE International Conference on Fuzzy Systems, IEEE (2017) 1-5.

S. Ali, N. Ullah, M.F. Abrar, Z. Yang and J. Huang, Fuzzy multicriteria decision-making approach for measuring the possibility
of cloud adoption for software testing. Sci. Prog. 6597316 (2020) 1-24.

M. Stankovi, Z. Stevi, D.K. Das, M. Suboti and D. Pamucar, A new fuzzy MARCOS method for road traffic risk analysis.
Mathematics 8 (2020) 457.

G.H. Tzeng, M.H. Teng, J.J. Chen and S. Opricovic, Multicriteria selection for a restaurant location in Taipei. Int. J. Hosp.
Manag. 21 (2002) 171-187.

M. Timor and S. Sipahi, Fast-food restaurant site selection factor evaluation by the analytic hierarchy process. Bus. Rev. 4
(2005) 161-167.

A. Karasan, E.K. Zavadskas, C. Kahraman and M. Keshavarz-Ghorabaee, Residential construction site selection through
interval-valued hesitant fuzzy CODAS method. Informatica 30 (2019) 689-710.

M.A.E. Moatya, M.A. Shoumanb and E.S. Hasanc, Decision making assesment for site selection using the AHP
and TOPSIS methods, in The 44th Conference for Statistics, Computer Science, and Operation Research (2009).
DOI: 10.13140/2.1.2550.8160.

D. Sriniketha, V.D. Reddy and A.N. Phaneendra, Plant location selection by using MCDM methods. Int. J. Eng. Res. Appl.
4 (2014) 110-116.

D. Chatterjee and B. Mukherjee, Potential hospital location selection using AHP: a study in rural India. Int. J. Comput. Appl.
71 (2013) 1-7.

L. Sun, Site selection for EVCSs by GIS-based AHP method. E3S Web of Conferences. Vol. 194, ICAEER (2020) 05051.

P. Ramu, T. Srinivasarao, L.. Nandan and M. Keshav, Fuzzy AHP, RS & GIS based hyberid approach for airport site selection-
Kothaguddem district. Int. J. Adv. Sci. Technol. 29 (2020) 1645-1653.

Y.Y. Wibisono and S. Marella, A decision making model for selection of cafe location: an ANP approach. J. Phys. Conf. Ser.
1477 (2020) 052030.

J. Chen, J. Wang, T. Balezentis, F. Zagurskaite, D. Streimikiene and D. Makuteniene, Multicriteria approach towards the
sustainable selection of a teahouse location with sensitivity analysis. Sustainability 10 (2018) 2926.

B.L. Chua, S. Karim, S. Lee and H. Han, Customer restaurant choice: an empirical analysis of restaurant types and eating-out
occasions, Int. J. Environ. Res. Public Health 17 (2020) 6276.

Y. Zhong and H.C. Moon, What drives customer satisfaction, loyalty, and happiness in fast-food restaurants in China? Perceived
price, service quality, food quality, physical environment quality, and the moderating role of gender. Foods 9 (2020) 460.

L.A. Zadeh, Fuzzy sets. Inf. Control 8 (1965) 338-353.

L.A. Zadeh, Fuzzy Sets, fuzzy logic and fuzzy systems, selected papers by Lotfi A. Zadeh, in Advances in Fuzzy Systems —
Applications and Theory. Vol. 6, World Scientific: Hackensack, NJ, USA, (1996) 394-432.

M. Rahaman, S.P. Mondal, S. Alam, A. Sayed, M. Metwally, S. Salahshour, M. Salimi and A. Ahmadian, Manifestation of
interval uncertainties for fractional differential equations under conformable derivative. Chaos Solit. Fractals 165 (2022) 9-10.
A. Biswas, S.K. Roy and S.K. Mondal, Evolutionary algorithm based approach for solving transportation problems in normal
and pandemic scenario. Appl. Soft Comput. 129 (2022) 109576.

M. Akram, I. Ullah, T. Allahviranloo and S.A. Edalatpanah, Fully Pythagorean fuzzy linear programming problems with
equality constraints. Comput. Appl. Math. 40 (2021) 120.

M. Akram, I. Ullah and M.G. Alharbi, Methods for solving LR-type pythagorean fuzzy linear programming problems with
mixed constraints. Math. Prob. Eng. 4306058 (2021) 1-29.

M. Akram, I. Ullah and T. Allahviranloo, A new method for the solution of fully fuzzy linear programming models. Comput.
Appl. Math. 41 (2022). DOI: 10.1007/s40314-021-01756-4.

S.P. Mondal and T.K. Roy, Non-linear arithmetic operation on generalized triangular intuitionistic fuzzy numbers. Notes
Intuitionistic Fuzzy Sets 20 (2014) 9-19.

H. Qiu, Y. Hou and H. Pan, Linear programming with fuzzy constraints based on nonlinear membership function, in 2011
Eighth International Conference on Fuzzy Systems and Knowledge Discovery (FSKD), IEEE Xplore (2011) 12244123.

M. Velasquez and P.T. Hester, An analysis of multi-criteria decision making methods. Int. J. Oper. Res. 10 (2013) 56-66.
J.G. Dijkman, H.V. Haeringen and S.J. De Lange, Fuzzy numbers. J. Math. Anal. Appl. 92 (1983) 301-341.

M. Jezewski, R. Czabanski and J. Leski, Introduction to Fuzzy Sets, Theory and Applications of Ordered Fuzzy Numbers, Vol.
356 (2017) 3-22. DOI: https://doi.org/10.1007/978-3-319-59614-3_1.

J. Drewniak, Convex and strongly convex fuzzy sets. J. Math. Anal. Appl. 126 (1987) 292-300.

I.K. Kim, W. Lee, J.H. Yoon and S.H. Choi, Fuzzy regression model using trapezoidal fuzzy numbers for re-auction data. Int.
J. Fuzzy Log. Intell. Syst. 16 (2016) 72-80.

A.J. Kamble, Some notes on pentagonal fuzzy numbers. Int. J. Fuzzy Math. Arch. 13 (2017) 113-121.

V.L.G. Nayagam, J. Murugan and K. Suriyapriya, Hexagonal fuzzy number inadvertences and its applications to MCDM and
HFFLS based on complete ranking by score functions. Comput. Appl. Math. 39 (2020) 1-47.

R. Chutia, S. Mahanta and H.K. Baruah, An alternative method of finding the membership of a fuzzy number. Int. J. Latest
Trends Comput. 1 (2010) 69-72.

D. Dubois and H. Prade, Fundamentals of Fuzzy Sets, Kluwer Academic Publishers, Boston (2000).

P. Dutta, H. Boruah and T. Ali, Fuzzy arithmetic with and without using a-cut method: a comparative study. Int. J. Latest
Trends Comput. (2011) 2 99-107.


https://doi.org/10.13140/2.1.2550.8160
https://doi.org/10.1007/s40314-021-01756-4
https://doi.org/10.1007/978-3-319-59614-3_1

608 K.H. GAZI ET AL.

[48] C.N. Wang, Y.F. Huang, Y.C. Chai and V.T. Nguyen, A multi-criteria decision making (MCDM) for renewable energy plant
location selection in Vietnam under a fuzzy environment. Appl. Sci. Math. 8 (2018) 2069.

[49] T.L. Satty, The Analytic Hierarchy Process, McGraw-Hill, New York, NY, USA (1980).

[50] Y. Wind and T.L. Saaty, Marketing applications of the analytic hierarchy process, Manag. Sci. 26 (1980) 641-658.

[51] C.L. Hwang and K. Yoon, Methods for multiple attribute decision making, in Multiple Attribute Decision Making, Springer
(1981) 58-191.

[52] R. Rahim, S. Supiyandi, A.P.U. Siahaan, T. Listyorini, A.P. Utomo, W.A. Triyanto, Y. Irawan, S. Aisyah, M. Khairani,
S. Sundari and K. Khairunnisa, TOPSIS method application for decision support system in internal control for select-
ing best employees, in 2nd International Conference on Statistics, Mathematics, Teaching, and Research (2018). DOI:
10.1088/1742-6596/1028/1/012052.

[53] E.K. Zavadskas, A. Kaklauskas and V. Sarka, The new method of multicriteria complex proportional assessment of projects.
Technol. Econ. Dev. Econ. 1 (1994) 131-139.

[54] Y. Ayrim, K.D. Atalay and G.F. Can, A new stochastic MCDM approach based on COPRAS. Int. J. Inf. Technol. Decis.
Mak. 17 (2018) 857—882.

[65] M.M. Fouladgar, A.Y. Chamzini, A. Lashgari, E.K. Zavadskas and Z. Turskis, Maintenance strategy selection using AHP and
COPRAS under fuzzy environment. Int. J. Strateg. Prop. Manag. 16 (2012) 85-104.

[56] S. Narayanamoothy, L. Ramya, S. Kalaiselvan, J.V. Kureethara and D. Kang, Use of DEMATEL and COPRAS method to
select best alternative fuel for control of impact of greenhouse gas emissions. Socio-Econ. Plan. Sci. 76 (2021) 100996.

[67] A.C. Tolga and G. Durak, Evaluating innovation projects in air cargo sector with fuzzy COPRAS, in Intelligent Conference
on Intelligent and Fuzzy (2019). DOI: 10.1007/978-3-030-23756-1_84.

[58] D. Ghose, S. Pradhan, P. Tamuli and S. Uddin, Optimal material for solar electric vehicle application using an integrated
fuzzy-COPRAS model. Energy Sources A: Recovery Util. Environ. Eff. (2019). DOI: 10.1080/15567036.2019.1668879.

[59] L.L. Berry, V.A. Zeitbaml and A. Parasuraman, Five imperatives for improving service quality. Sloan Manag. Rev. 31 (1990)
29-38.

[60] S. Chakraborty and A.P. Saha, Selection of optimal lithium ion battery recycling process: a multi-criteria group decision
making approach. J. Energy Storage 55 (2022) 105557.

[61] S. Chakraborty and A.P. Saha, A framework of LR fuzzy AHP and fuzzy WASPAS for health care waste recycling technology.
Appl. Soft Comput. 127 (2022) 109388.

[62] A.M. Ghaleb, H. Kaid, A. Alsamhan, S.H. Mian and L. Hidri, assessment and comparison of various MCDM approaches in
the selection of manufacturing process. Adv. Mater. Sci. Eng. (2020) 1-16. DOI: 10.1155/2020/4039253.

[63] F.A. Alzahrani, Fuzzy based decision-making approach for estimating usable-security of healthcare web application. Comput.
Mater. Contin. 66 (2021) 2599-2625.

[64] M.T.J. Ansari, F.A. Alzahrani, D. Pandey and A. Agrawal, A fuzzy TOPSIS based analysis toward selection of effective
security requirements engineering approach for trustworthy healthcare software development. BMC Med. Inform. Decis. Mak.
20 (2020) 236.

[65] K. Sahu, F.A. Alzahrani, R.K. Srivastava and R. Kumar, Hesitant fuzzy sets based symmetrical model of decision-making for
estimating the durability of web application. Symmetry 12 (2020) 1770.

[66] F.A. Alzahrani, Evaluating the usable-security of healthcare software through unified technique of fuzzy logic, ANP and
TOPSIS. IEEFE Access 8 (2020) 109905-109916.

Please help to maintain this journal in open access!

This journal is currently published in open access under the Subscribe to Open model
(S20). We are thankful to our subscribers and supporters for making it possible to
publish this journal in open access in the current year, free of charge for authors and
readers.

Check with your library that it subscribes to the journal, or consider making a personal donation to
the S20 programme by contacting subscribers@edpsciences.org.

More information, including a list of supporters and financial transparency reports,
is available at https://edpsciences.org/en/subscribe-to-open-s2o.



https://doi.org/10.1088/1742-6596/1028/1/012052
https://doi.org/10.1007/978-3-030-23756-1_84
https://doi.org/10.1080/15567036.2019.1668879
https://doi.org/10.1155/2020/4039253
mailto:subscribers@edpsciences.org
https://edpsciences.org/en/subscribe-to-open-s2o

	Introduction
	Preliminaries
	Fuzzy set
	Concept of fuzzy numbers:
	Hexagonal fuzzy number
	-cut of HFN
	-cut operations
	Defuzzification methods of HFN
	Centroid-based method (CBM) of a hexagonal fuzzy number:

	Arithmetic operation on HFN

	Hexagonal fuzzy multi sub criterion based decision making
	Fuzzy Analytic Hierarchy Process (FAHP) Method
	Determination of hexagonal fuzzy weights of factors
	Fuzzy Technique for Order Preference by Similarity to Ideal Solution (FTOPSIS) approach
	Fuzzy Complex Proportional Assessment (FCOPRAS) approach
	Pseudo code depicting the empirical study application

	Factor and sub factor for attracting the customers in a restaurant
	Food (F1)
	Price (F11)
	Food Quality (F12)
	Variety (F13)

	Service (F2)
	Service Quality (F21)
	Behavior (F22)
	Quick Service (F23)
	Pleasant Physical Environment (F24)

	Image (F3)
	Past Experience (F31)
	Word of Mouth (F32)
	Online Review (F33)

	Location (F4)
	Area (F41)
	Parking (F42)
	Safety (F43)

	Occasion (F5)
	Quick Meal (F51)
	Social (F52)
	Business Necessity (F53)
	Celebration (F54)


	Model Set up and corresponding problem
	Data source for the study
	Linguistic terms expressed in HFN in different scale
	Factor to factor comparison conducted by two DMs

	Numerical illustration
	Computational complexity

	Comparative analysis
	Comparative analysis using FTOPSIS method
	Comparative analysis using FCOPRAS method

	Sensitivity analysis
	Interchange sub-factors Price (F11) and Food Quality (F12)
	Interchange Service Quality (F21) and Quick Service (F23)
	Removing the sub-factor Parking (F42)
	Removing the sub-factor Price (F11)
	Removing the sub-factor Quick Service (F23)
	Removing the sub-factors Word of Mouth (F32) and Online Review (F33)
	Removing the sub-factor Quick Meal (F51)
	Removing the sub-factor Social (F52)
	Removing the sub-factor Business Necessity (F53)
	Removing the sub-factor Celebration (F54)

	Practical implications
	Conclusion and future research scope
	Summary of problem and contributions
	The major findings
	The limitations and directions for future research

	References

