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Abstract

Today, the area of interest based on canteen location selection in the university campus is a prominent topic. This
research work directly affects students' convenience, accessibility, and the total campus experience. An ideal
canteen site not only provides good food to the students and staff but also takes care of their health by providing
a healthy environment. In this paper, we choose various criteria and sub-criteria to calculate the best site for a
canteen in the university campus. Location, space and layout, infrastructure and utilities, safety and compliance,
and environmental factors as criteria with their corresponding sub-criteria are chosen for this work. Here, the
data sets used are provided by decision makers in linguistic words and then converted into crisp numbers. The
criteria and sub-criteria weights are considered by a popular multi-criteria decision-making (MCDM) method
named Criteria Importance Through Intercriteria Correlation, i.e., CRITIC method. Therefore, the ideal location for
the canteen in the university campus was determined by applying the complex proportional assessment method
(COPRAS), which is basically a ranking method of MCDM. And finally, sensitivity analysis was conducted to make
sure the outcomes were flexible and stable.

Keywords: canteen site selection, educational institute, triangular neutrosophic number, CRITIC, COPRAS.

1. Introduction

The site selection of the canteen at a university campus is a monumental decision that affects the meal
experience of staff and students and mainly the general quality of food. To cater to fulfil people's services, the site
must be perfectly situated close to needy places such as academic buildings, libraries, hostels and recreational
spaces. It is essential to take into account cooking facilities, enough space for seating and future improvement.
Water, power and waste management are everyday essentials that need to be available at the chosen location.
Environmental impact and quality of health standards are key factors. An ideal chosen location improves campus
life and contributes to the university's effectiveness.
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1.1 Necessity of Canteen in educational institute

A canteen on a university campus is required for distributing students and staff to affordable meals that support
general well-being, happiness and productivity. An ideal location helps the students to stay focused on their
studies. On the other hand, to enhance social communication, a well-organised cafeteria boosts the sense of
community on a university campus. It also saves valuable time by avoiding the desire to leave the university
premises for food. In addition, it supports flourishing academic performance by providing balanced eating habits,
which also serves as a perfect learning environment for the hospitality of the students.

1.2 MCDM methods and applications

In the vast field of operations research, Multi-Criteria Decision Making (MCDM) explores various decision-
making problems, including many factors. It has different procedures for finding the criteria weight and computing
with different alternatives for making the best optimal selection. There are some well-known MCDM processes
utilised for solving real-life decision making problems, they are Analytic Hierarchy Process (AHP), Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS) (Rahim et al. 2018), Vlekriterijumsko KOmpromisno
Rangiranje (VIKOR) (Adhikari et al., 2024), Elimination and Choice Translating Reality (ELECTRE) (Vahdani et al.,
2013), Preference Ranking Organization Method for Enrichment Evaluation (PROMETHEE) (Uzun et al., 2021),
Multi-Objective Optimization based on Ratio Analysis plus Full Multiplicative form (MULTIMOORA) (Brauers and
Zavadskas, 2010), Criteria Importance Through Intercriteria Correlation (CRITIC) (Diakoulaki et al., 1995), Complex
Proportional Assessment (COPRAS) (Patil et al., 2022), etc.

The above explained decision making processes help to make the perfect and wise decision in difficult
situations where it is important to make proper choices between criteria and the preferences of alternatives, as
well as improve the procedure's versatility. Generally, all MCDM methods have the benefit of considering
inconsistent and conflicting effects of the right decisions.

1.3 Motivation of this study

The motivation for the paper is raised from the significance of constructing a dining environment which fulfils
the requirements of different students, staff and faculties. The site of the canteen mainly affects its customer
traffic and accessibility making it significant to take account of multiple criteria and sub-criteria as location, size,
water supply, electricity, waste management, safety and compliance etc. By initiating a Multi-criteria Decision-
making approach, this paper targets to systematically configure the best suitable location for canteen in an
educational institution. Finally, the research result will contribute to the institution’s target for constructing a
canteen in the optimum location improving the overall campus environment.

1.4 Research outline

In this section, we develop the study's research outline based on the above study and motivation. The primary
purpose of this study is to determine the proper and ideal site selection for a canteen on a university campus.
There are five various criteria and three different locations are used as alternatives for evaluation. Two MCDM
techniques, i.e., CRITIC and COPRAS are selected as optimization tools and Triangular Neutrosophic number (TNN)
are appraised as ambiguous tools. Data are gathered in an impartial way and numerically computed the result on
it. Lastly, sensitivity analysis were conducted in four different cases.

1.5 Structure of this paper

This portion explains the framework of this research. The introduction of this work is pointed out in Section 1.
Further, Section 2 clarifies the literature survey of this paper. Then, the preliminaries of mathematical tools and
multi-criteria decision making (MCDM) techniques are described in Section 3 and Section 4, respectively. Criteria
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and alternative selection are shortly elaborated in Section 5 and Section 6, particularly. The model structure and
data collection are enumerated in Section 7. Additionally, Section 8 covered the numerical illustration and
discussion. The sensitivity analysis of the work is fully described in Section 9 with four different cases. Therefore,
the research implications are mentioned in Section 10. Finally, conclusions and future research scope are
elucidated in Section 11.

2. Literature survey of this study

This section briefly discusses the background of this study. First, we short literature on the Canteen selection
studies and then survey on the various articles related to neutrosophic fuzzy numbers, their evaluation and
applications. Additionally, we conducted a short survey on the MCDM methods and their utilization in real life.

2.1 Background on Canteen related paper

Canteens are crucial in a variety of contexts, including schools, colleges, universities, workplaces, etc., as they
offer food and drink, which mainly support leading healthy lifestyles and create a social interaction (Sholihah et
al., 2020). It also offers students, staff and colleagues a get together place where they can trade any ideas, do
important discussions and eat together in this informal environment. In this paper, we work on the site selection
problem of the canteen on a university campus. To consider the ideal site for a canteen or a canteen in an
institutional place, many researchers used various techniques to take out useful information, structure the
problems and give a final decision. In this section, we discuss some of the papers that described the canteen
related research in details. Table 1 describes the recent studies on the canteen and Table 2 covers the site selection
of the canteen in an educational institute.

Table 1. Some studies on Canteen related paper

Author Application Area
Zhao et al. (2020) Apply to select the site of taxi canteen applying taxi trajectory data
Kadam et al. (2024) Canteen automation system
Li (2019) Apply on the pattern and perfect design of community aged persons’ canteen
Fu and Wang (2020) Evaluation of unit canteen suppliers based on Entropy method and AHP
Mohamad et al. (2021) Mobile school canteen food ordering system

Table 2. Studies on Canteen site selection in educational institute

Author Application Area

Evaluated the canteen amenities in educational institutions with the help of

Sholihah et al. (2019
( ) Force Field analysis process

Jannah and Rahayu Application of canteen selection for Bunga Bangsa Cirebon students
(2023)
Navelkar et al. (2022) Canteen management system
Wyse et al. (2019) Application of an online canteen ordering process in Australian primary schools
Schneider et al. (2021) Apply of the environmental intervention in a university canteen

2.2 Background of Mathematical tool

Here, we use the Triangular Neutrosophic Number (TNN) (Edalatpanah, 2020) to obtain an accurate
presentation of this study in the fuzzy environment throughout the decision-making process. Even in an uncertain
environment, it is feasible to effectively convey ambiguity and uncertainty by exhibiting decision-making ability in
various contexts and for various reasons (Hussain and Ullah, 2024; BoZanic et al., 2023). There are many numerous
fields where fuzzy sets are used, such as, solving integral equations, solving differential equations, series solutions
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and many more. Fuzzy numbers and neutrosophic numbers are also applied to solve differential equations,
difference equations, integral equations and many more computational problems (Alamin et al., 2025; Gazi et al.,
2024; Singh et al., 2024a; Singh et al., 2024b; Singh et al., 2024c). A brief literature review on fuzzy numbers and
triangular fuzzy numbers (TFN) is described in Table 3.

Table 3. Literature review on fuzzy numbers, triangular fuzzy numbers

Author Fuzzy environment Application Area
Pathinathan et al. . . .
(2015) Pentagonal fuzzy numbers Various types of fuzzy numbers and its properties

Kumar et al. (2022)
Gani and Assarudeen
(2012)

Arora and Naithani
(2023)

Mondal et al. (2019)
Mondal and Roy (2015)
Wang et al. (2016)
Gazi et al. (2025)
Singh et al. (2024c)

Alamin et al. (2025)

Generalized fuzzy numbers

Triangular fuzzy number

Triangular fuzzy number

Nonlinear triangular

intuitionistic fuzzy numbers
Triangular intuitionistic fuzzy

number

Triangular fuzzy number

Pentagonal fuzzy number

Fuzzy sets and fuzzy numbers

Fuzzy sets

Applications of generalized fuzzy numbers

Apply on fuzzy linear programming Problem
Application on distance measures

Application in linear integral equation

Application of the system of differential equation
with initial value
Knowledge management performance evaluation
(KMPE) problem is solved by systematic method
Apply to find the most important criteria in
women’s empowerment for sports sector
Apply to find the solution of a fuzzy system of the
linear equation under several fuzzy difference
Apply to solve the first order non-homogenous
fuzzy difference equation

In this portion, we describe the short literature review on several types of fuzzy numbers, which are very helpful
for this work. The clear review of neutrosophic numbers and triangular neutrosophic numbers (TNNs) are also

discoursed in Table 4.

Table 4. Literature review on neutrosophic numbers (NNs) and TNNs

Author Fuzzy environment Application Area
Muthulakshmi et al. . . .
(2022) Neutrosophic numbers Describe the properties

Bhowmik and Pal (2009)

Chakraborty (2020)
Smarandache (2014)

Hamza et al. (2021)

Edalatpanah (2020)

Mohamed et al. (2017)

Intuitionistic sets and
neutrosophic sets
Pentagonal neutrosophic
Numbers
Neutrosophic set statistics
Triangular neutrosophic
Sets
Triangular neutrosophic
Numbers

Triangular fuzzy number

Some explanation about Intuitionistic
Neutrosophic Set
Application in networking problem with new
score function
Description of neutrosophic statistics

Triangular Neutrosophic Topology

Application on linear programming

Application on the critical path Problem
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2.3 Literature on MCDM methodologies

Multi-criteria decision-making (MCDM) is the process of making decisions when faced with various conflicting
criteria (Madic¢ et al., 2024). It is actually finding the criteria weight and ranking the alternatives for solving the
given problem. The ideal method for handling the uncertain environment in this decision-making procedure is to
apply the MCDM method (Tesi¢ and Khalilzadeh, 2024). It utilized the complete decision-making problems very
useful manner, like Girl's hostel site selection in an educational institute by Biswas et al. (2025a), build a restaurant
beside highway considering their specific needs by Biswas et al. (2025b) and so on. We apply the Criteria
Importance Through Intercriteria Correlation (CRITIC) (Kamali Saraji et al., 2021) and he complex proportional
assessment method (COPRAS) (Mishra et al., 2022) to select the ideal site for a university canteen in this work.
Fuzzy CRITIC is used to address ambiguity in the given weights and calculate alternatives. Besides, COPRAS is a
Ranking MCDM method. We give a brief overview of some relevant research work for CRITIC and COPRAS
processes in different fuzzy environments below Table 5.

Table 5. A literature review on neutrosophic numbers (NNs) and TNNs

, MCDM L
Author Uncertainty Application Area
methods
Application on evaluating the challenges to
Kamali Saraji et al. CRITIC & . PP . g g
Fermatean fuzzy set industry 4.0 and adoption for a sustainable
(2021) COPRAS . i
digital transformation
SWARA, . . . .
. Pythagorean fuzzy Calculating the barriers to developing business
Saraji et al. (2021) CRITIC & . . L
number model innovation for sustainability
COPRAS
. Delphi, I . o
Ahmadsaraei et al. Application on sustainable supply chain risk in
(2022) Fuzzy sets CRITIC & food packaging industr
COPRAS backaging y

Apply to extend the COPRAS process

Akram et al. (2022) Fermatean fuzzy Sets COPRAS e . .
Description of neutrosophic statistics
. IV hesitant . . L
Mishra et al. (2022) COPRAS Application in selecting desalination technology
Fermatean fuzzy sets

3. Preliminaries of Mathematical Tools

This section discussed the preliminaries of the mathematical tools in detail. First, we are talking about the fuzzy
set (Gazi et al., 2024) and its properties and then studies on neutrosophic sets (Pamucar et al., 2020) and their
properties.

3.1 Fuzzy sets and fuzzy numbers

Fuzzy set invented by Lotfi A. Zadeh (Zadeh, 1965) in 1965. The definition and basic properties of fuzzy sets are
described as follows:

Definition 1. [Fuzzy Set] (Singh et al., 2024b)
Let us choose, p is an arbitrary element of ] where P is a universal set. Therefore, the fuzzy set J on P is defined
as follows,

J={(p.;®):p € P} (1)
where, the membership value of the element p inJis uj(p)P - [0,1].
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Example 1. Let the reference set of girls in college is Q = {p1, P2, P3, P4, P5}- Using "good" as a fuzzy term, consider
K to be the fuzzy set of "good" girls in college. Then, the required set is,
K ={(p1,0.3), (2,0.5), (3, 1), (p4,0.9), (p5,0.7)}
where, the p; office colleague is young of 0.3 range and so on.
Definition 2. [Fuzzy Number] (Singh et al., 2024a)
The following requirements must be expressed for a fuzzy set [ on the set of real numbers R, such that
l. I need to be the normal fuzzy set, i.e., there exists an element, a € R such that u;(a) = 1.
Il. 2] must be a closed interval for every a € (0,1], where, *I = {a: uj(a) = a}is closed.
. %] needs to be a convex fuzzy set, i.e., uy(Aa; + (1 — A)a,) = max{u;(a,), uj(az)}; Vas,a, € land 1 €

[0,1].
V. I should be bounded support within a specific range.
V. The membership function of [ must be piecewise continuous.

Example 2. Consider that Puja scored "Good" marks in the exam. The word "Good" can not express her exact score
and the term "Good" differs from person to person. So, we can apply the fuzzy number concept by selecting this
as an object. Therefore, from 0 ("Not good in fuzzy concept) to 1 ("Good" in fuzzy concept) is the membership
function of the mentioned object.

3.2 Neutrosophic sets and Neutrosophic numbers

The neutrosophic set was first introduced by Florentin Smarandache (Smarandache, 2005) in 2005. In the
neutrosophic set, there are three membership functions, whereas the fuzzy set has only one. The definition and
basic properties are discussed as follows:

Definition 3. [Neutrosophic Fuzzy Set] (Mishra et al., 2024)

Let us choose X be a universal set of discourse and a single valued neutrosophic fuzzy set B defined as,

B={(augz(@),vza),wz(a)aeX} (2)
where u z(a), v 5(a) and w 5(a) are the degree of membership, the degree of indeterministic and the degree of
non-membership functions, respectively and uz(a),vz(a),wz(a):X - [0,1] where a € X is an arbitrary
element. The primary condition isthat 0 < u z(a),+vz(a) + wz(a) < 3.

Remark 1. If the single valued neutrosophic logic is (ug(a), vs(a), w§(a)), then

a) If the three components are dependent, then 0 < uz(a),+vz(a) + wi(a) < 1.

b) If the two elements are dependent and the third is independent, then 0 < u 5(a), +v5(a) + wz(a) < 2.

c) If all three elements are independent, then 0 < uz(a), +vz(a) + ws(a) < 3.

Definition 4. [Neutrosophic Number (NN)]
Let, A be a single valued neutrosophic fuzzy set on R, the set of real numbers is said to be a neutrosophic
fuzzy number if it fulfils the following conditions,
(i) Aisnormalif3da, € R, such that uz(ay) = 1, where v;(ay) = w;(ay) = 0.
(i) 4 is convex set for membership function u;(a), such that u;(ya; + (1 — y)a,) = min{u;(a,), u;(ay)};
Va,,a, € Randy € [0,1].

(i) A4 is convex set for indeterministic function wv;(a), such that v;(ya; + (1 —y)a,) <
min{v;(a,),v;i(a,)}; Vay,a, € Randy € [0,1].

(iv) A4 is convex set for non-membership function wj;(a), such that w;(ya; + (1 —y)a,) <
min{w;(a,),w;(a,)}; Va,,a, € Randy € [0,1].

3.3 Triangular Neutrosophic Number (TNN)

This section describes the triangular neutrosophic numbers (TNNs) (Das et al., 2020) and their characteristics
from different viewpoints. TNNs are applied in various fields to capture the uncertainty and vagueness of the
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systems and express the model more specifically. This study considers TNNs as a mathematical tool to deal with
the uncertainty of the system.

Definition 5. [Triangular Neutrosophic Number (TNN)]
A single valued Triangular Neutrosophic Number (TNN) T =
< (a, uz(a), vi(a), WT(a)); (dy,d,, ds; Xy, Yy, Zy) > is a subset of neutrosophic fuzzy number in R with the

base of convex membership (uf(a)), indeterministic (vf(a)) and non-membership (wf(a)) functions which is
denoted by,

a—d
Ndz—dll ; where d;<a<d,
u (a) _ XN ;Where a=d, (3)
T - dz—a
X ;where d,<a<d
NG —a, 2 3
0 ; otherwise

(—(dz_a)+(a_d1)YN ; where di<a<d,

dy—dq
B YN ; where a=d,
vr(@) =1 eaprtagary !
o ; Where dy<asds
0 ; otherwise
and
i ; where di<a<d,
_ Zn ; where a=d,
Wi (@ =\ @aprasazy o i
Tamdy ywhere d;<asds
0 ; otherwise

where 0 < ujz(a) + vy(a) +wyp(a) <1,dy <d, <d3, 0 < Xy,Yy,Zy <landa€R.
Example 3. Consider two TNNs define on a set of universal set R and describe as §; =

< (a, us, (@), vs, (@), ws, (a); (6,9,11; 0.65,0.05,0.25)) > and§, =

< (a, uz, (a), vs, (@), ws, (a); (14,16,19; 0.60,0.15,0.20)) >. Then the TNNs S; and S, defined on R and the
membership functions are ug (a) and ug,(a), indeterministic functions are vg (a) and vs,(a) and non-
membership functions are wg (a) and wg, (a), respectively.

The geometric structure of the triangular neutrosophic number (TNN) is presented in Figure 1.
Hp

’ Indeterministic Function (vg) |

Xy
\ Membership Function (ug)
R
T | i
(0,0) a, d, dy

Figure 1. Graphical structure of triangular neutrosophic number (TNN)
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Definition 6. [Arithmetic operations on TNNs]

Consider two single valued triangular neutrosophic numbers (TNNs) defined on a universal set of discourse R
and define as P =< (a, us(a),vs(a), W,s(a)); (dy,dy, d3; Xpy, Yo, Zy) >and Q =
< (a, Us (a), Vg (a), 1 (a)); (e1,e5,e3; Xy, Yy, Zy) >. Further, assume A(> 0) be a scalar. Then, the arithmetic
operations on TNNs P and @ are described as

A. Addition of two TNNs:

P®Q =< (aup(a),vs(a),ws(a)); (dy,dy, dz; Xny, Y, Zyy) >

B< (a, ug(a), vé(a),wé(a)) i (eq, e, 63 Xy, Y, Zy) >

=< (@,upeg(@), vpeq (@), Wpeq(@))
(di + eq,d, + ey,ds + e3; max{X,y,, Xy}, min{Yy,, Yy}, min{Z,,, Zy}) > (6)
B. Subtraction of two TNNs:
Po Q =< (a, up(a), vs(a), Wﬁ(a)); (dy1,dy, d3; Xy, Yi, Zy) >
O< (a,u4(a),v4(@), wg(@); (1, €2, €3 Xy, Y, Zy) >

=< (a, Upe5(a), vpgg(a), Wﬁe()(a));
(dy — e3,d; — €3,d3 — e;; min{Xy, Xy}, max{Yy, Yy}, max{Zy, Zy}) > (7)
C. Scalar Multiplication of TNN:
AP =2Ax P =2Ax< (a,up(a),vp(a), ws(@)); (dy, da, dz; Xps, Yar, Zp) >
=< (a,u35(a), v35(a), wy5()); (Ady, Ady, Ads; Xag, Yag, Zay) > (8)
where A(> 0) be a positive scalar number.
D. Multiplication of two TNNs:

F) ® Q =< (al uﬁ(a)' Vﬁ(a)' Wﬁ(a)): (d1; dZI dB;XM; YM; ZM) >
®< (a, ug(a),vg (a),WQ(a)) i (e1, e, €3, Xy, Yy, Zy) >
=< (2. upgg(@), vrgg(@) Wree(a));
(dye;,d,e,, dses; max{Xy, Xy}, min{Yy, Yy}, min{Z,,, Zy}) > (9)

3.4 De-neutrosophic method

The de-neutrosophic method is the method of evaluating a single number from the input of a combined
neutrosophic number. Its main benefit is to transform the outcomes of neutrosophic estimation into a crisp output
since there are no order relations in the fuzzy or neutrosophic numbers. For a given triangular neutrosophic
number (TNN), various de-neutrosophic processes may provide various de-neutrosophic values. Different kinds of
de-neutrosophic techniques exist, but here we propose a Removal Area (RA) method.

Definition 7. Let us choose § =< (a, ug(a),vg(a),wg (a)); (e1,€5,e3; Xy, Yy, Zy) > be a TNN define on R.

Then, the proposed de-neutrosophic value of the TNN Q by total area covered method is denoted by D(()) and
defined as

~ e;+2Xe,+e
D(Q)=[1 52 3]><(3><XN—YN—2><ZN)
= —91+2X5€2+e3] (3XN - YN - ZZN) (10)

Example 4. Consider, two TNNs 4; = {6,9,11;0.65,0.05,0.25} and 4, = {14,16,19;0.60,0.15,0.20} define on

the universal set of discourse R. Therefore, the de-neutrosophic values of A; and A, are determined as

. 6+2x9+11
D(4,) = [f] x (3% 0.65 —0.05 — 2 x 0.25)
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_® x (1.4)

== _

=9.8

and
- 14+2%x16+19
D(4,) = [ = ] X (3 % 0.60 — 0.15 — 2 x 0.20)

65

=16.25

4. Proposed methodology

This section discussed the mathematical procedure of the two used Multi-Criteria Decision-Making (MCDM)
methods, namely CRITIC and COPRAS, in triangular neutrosophic number (TNN) environments. MCDM (Momena
et al., 2024) is a popular optimisation technique for dealing with multiple conflicting criteria and sub-criteria. First,
describe the CRITIC methodology (Kamali Saraji et al., 2021) to evaluate the weight of criteria and further express
the COPRAS methodology (Akram et al., 2022) to calculate the ranking of the sites.

4.1 Weight calculation method: Criteria Importance Through Inter-criteria Correlation (CRITIC) method

In 1995, Diakoulaki et al. (1995) first represented the Criteria Importance Through Inter-criteria Correlation
(CRITIC) method. It is an objective technique for analysing the weights of factors. With this important process, we
may determine the mutual relevance of criteria and the correlations between them. When ambiguity occurs,
Criteria Importance Through Inter-criteria Correlation (CRITIC) plays an important role in decision making in the
MCDM process. The flowchart of the CRITIC technique is formulated in Figure 2.

Construct the decision

matrices

Aggregate the
decision matrices

Normalized the modified

De-neutrosophic the i ;
decision matrix

decision matrix

Evaluate the

Determine the correlation
performance value

coefficients

Calculate the weight of
the criteria

Figure 2. Structural flowchart of the CRITIC method

In this paper, we choose the number of criteriais y and for every criterionn (n = 1,2, ..., y), there is k,, number
of sub-criteria connected. Moreover, § number of alternatives are considered here for ranking. And, d number of
decision makers (DMs) gave their valuable and wise opinions based on these. Here, the decision matrix is formed
by arth decision maker and it is based on their decision, which is defined by D, where a = 1,2, ..., d. The following
steps are discussed for the CRITIC method, as follows:

A. Formulation of a decision matrix in terms of the Double Parametric form of Triangular Neutrosophic
Numbers:
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Every decision maker gives their decision in terms of linguistics and after that, it is converted to TNN. So, the
decision matrix (ﬁa) for the selected criteria is denoted as follows,

((Bu), (Bi2), ~ (Bin), - (By),]
(321)a (Bzz)a (BZn)a (Bzy)a
D= _ : _ : e ~ : (11)
P (Bml)a (BmZ)a (an)a (Bmy)a
| (Bs1), (Bs), - (Bon), - (Bs),)
where each entry is a TNN element that perhaps in comparison matrices Ea.
Equation (11) can also be described as bellow,
505 = [(Emn)a] (12)

9%
Where Ea isd X y order matrixandn = 1,2, ...,y; m = 1,2, ..., 8. The is a linguistic phrase (an)a , that given
by 6th DMs, which converts into TNN. These terms are given on the basis of mth alternative and nth criteria.
By the similar way, the decision matrix (5;”) for sub-criteria for every criterian wheren = 1,2, ...,y is define

as,
[ (Bi1,), (Biz,), -~ (Bis,), - (Bi),]
(Bar,), (Baz,), - (Bas,), - (Ba),
ﬁSn: 5 5 o B (13)
©|Bny), Bmz), o (Bms), - (B,
| (Bo), By o (Bn)y o Boed )
Here, each entry is also a TNN element that perhaps in comparison matrices 5;".
The Equation (13) can also be described as follows,
Eén = [(Emsn)a] (14)

OXKp
Here, for every criterian; s, = 1,,2,, ..., kp, m=1,2,...,6,a = 1,2,...,d and 5;” isa d X i, order matrix.
Then, in Table 6 ath DMs are given the input (Emsn)a on the basis of mth alternative and s,,th criteria and it

shows as,
(Emsn)a = {(dl'dZvd3;XN:YNvZN)msn}a

= {(dl)gnsn' (d2) s, (d3)ms, s Xn) s, (Wn) s, (ZN);Znsn} (15)
B. Aggregate the above mentioned decisions matrices:
In this step, all decision matrices are aggregated and it is converted into a single decision matrix. The aggregated
matrix is

D, = [(an)]gxy
= [(ledZJd3;XNJYNJZN)mn]6><y

= [(([dD)mn [@2)mn (d3)mn; Xn)mns Yn)mns (ZN)mn)]5xy (16)
whenm =1,2,..,8,n =1,2, ...,y and each entry of Equation (16) can simplify by the following way, i.e.,
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— : a
(dl)mn—a:rf%’r}wd(dﬂmn

(dz)mn:d1/Hg:1(d2)?nn

(dB)mn:aszzi’)f”d(dQ?nn (17)
_ 3 a
XN)mn=, min (XN)mn

Yn) a
= Y
mn=_ max 4N mn

\ZN)mn=_ max (Zn)imn

For perfect numerical analysis, choose this decision matrix only for criteria. Similar numerical computations are
evaluated to find the sub-criteria weight as usual.

C. De-neutrosophic the aggregated decision matrices:

Compute the de-neutrosophic aggregated comparison matrix (D) from the considered aggregated comparison
matrix (5) So, the value of de-neutrosophic aggregated comparison matrix D is denoted bellow,

D = [(an)](Sxy (18)
where, the de-neutrosophic value of TNN is B,,,, and B,,,, evaluated by de-neutrosophic formula mentioned in
Equation (10)andm =1,2,...,6,n =1,2,...,7.

D. Normalization of the considered Decision Matrix:

We calculate the Normalized decision matrix (ﬁnr) from the de-neutrosophic valued decision matrix (D). For

this, we apply the formula given below,
D/ — Emn_E;'{mTSt
an - Egest_gx/orst (19)

In Equation (19), we show that,

Bbest = max B

n m=1,2,..,6 mn
Eworst — min E

n m=1,2,...6 mn

E. Computing the Standard deviation of each criteria:
For each criteria, the standard deviation g, is developed by using the Equation (20), as follows,

o = (Famlain) (20)

In the above equation, E_n is the population mean; y is the size of the population, which is also known as the
number of criteriaandn = 1,2,...,7.

F. Finding the linear Correlation coefficient (8,,,,') between the criteria c, and criteria c,,’:

Now, we will consider the symmetric matrix of y X ¥ order with the elements B,,. It is the linear correlation
coefficient between the vectors B,, and B), and the required Correlation coefficient between the criteria c,, and
¢, which is denoted by 8,,,,/.

G. Determine of the conflict created by the criteria:

Using the below given formula, we find the conflict (E’n) created by the criteria n with regard to the choice
scenario defined by the remaining criteria, i.e.,

En = z:1/1’=1(1 - gnn') (21)

H. Measuring the information quality:

We determine the quality of the information (@,,) in relation to each criteria by applying the formula given as,

Qn = 0n X By, (22)
where g, is the Standard deviation of criterianandn = 1,2, ...,y.

I.  Determining the weights of the objects:

The weight of nth criteria is denoted by Q4" and defined as,
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w = o (23)

n - Z‘rylzl Qn
Thus, we can evaluate the weight of each criterion forn = 1,2, ...,y.
The above mentioned Equation (23) gives the local weight Q% for the criteria, wheren = 1,2, ...,y and (Q%")

be the local weight of the sub-criteria for s,, = 1,,2,, ..., k,, respectively. Therefore, we compute the global
weight (Qy") of the criteria and global weight (Q5") of the sub-criteria defined as follows,

Qs = QR x Q& (24)
and
n =T Q8 (25)

wheren = 1,2,..,yands, = 1,,2,, ..., k.

4.2 Ranking MCDM method: Complex Proportional Assessment (COPRAS) method

The Complex Proportional Assessment (COPRAS) method was introduced by Zavadskas et al. (1994) in 1994.
The fuzzy set integrated with the COPRAS method can make the model more reliable and evaluate the result
optimally. This integrated method is used in various real life applications, including the manufacturing sector
(Kamali Saraji et al., 2021), upgrade business model (Saraji et al., 2021), adapting technology (Mishra et al., 2022),
etc. This study considers the COPRAS method in a neutrosophic environment to express the ambiguity of the
system and data set. The neutrosophic COPRAS method has been used in several studies, like upgrading safety in
a construction project by Wei et al. (2021), renewable energy production technologies by Hezam et al. (2023) and
choosing an Air Carrier for the Hazardous Goods transportation by Boz et al. (2024). The structural flowchart of
the COPRAS method is presented in Figure 3.

Formulate the decision matrices

Aggreage the decision matrices

Assigned criteria and sub-criteria weights in decision
matrix

De-neutrosophic the updated decision matrix

Normalized the modified decision matrix

Evaluate the weighted sum of beneficial and non-
banificial criteria

Calculate the relative ratio of the alternatives

Determine the alternatives ranking

Figure 3. Diagrammatic framework of the COPRAS methodology

This study considers y number of criteria and for every criterion n, (n = 1,2, ..., y) there is k,, number of sub-
criteria associated. Further, § number of alternatives are taken for ranking and d number of decision makers (DMs)
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given data for numerical computation. Therefore, the decision matrices for criteria is § X y order and for sub-
criteriais § X (kq + Ky + -+ + k;,) order. Additionally, ath decision makers (@ = 1,2 ..., d) given data in decision
matrix is denoted as D,,. The following steps are included in the COPRAS procedure, as follows:
l. Design the decision matrix with TNN by the decision of DMs. They allocate linguistic terms with the help
of the factor.
Il After integration, Equation (17) is used to aggregate the point of view of d number of decision makers
with the help of the operator.
Il In this step, we construct the weighted normalized matrix with the help of the product of the criteria
weight using TNN s.t., Q;?W from Equation (24) and finally the normalized matrix is,

Upp = gw X Er’nn (26)
where,n =1,2,..,yandm = 1,2, ..., 6.
V. Computation of beneficiary criteria (BC) and non-beneficiary criteria (NBC); these are defined as BC™ and

NBC~, respectively, i.e.,
BC+ = { gl=1((d1)ﬁmn)n ’ Zgl=1((d2)amn)n ) ZZ=1((d3)ﬁmn)n H

2 (X)), 2 (W), Eeei (D), ) (27)
and
NBC™ = {Zz=q+1((d1)ﬁmn)n 4 z:]7/l=q+1((dZ)ﬁmn)n ’ Z:]1’/l=q+1((d3)ﬁmn)n ;
ZZ:q-p.l((XN)ﬁmn)n ’ Z]T/l=q+1((YN)ﬁmn)n ’ Z]T/l=q+1((ZN)ﬁmn)n} (28)

where, Equation (26) gives the value of ((dl)ﬁmn)n' ((dz)ﬁmn)n, ((d3)ﬁmn)n' ((XN)ﬁmn)n, ((YN)ﬁmn)n
and ((ZN)ﬁmn)n. Among all the alternatives, the beneficial attributes and the non-beneficial attributes

aredenotedbyn =1,2,...,qandn =q + 1, ..., y, respectively.
In a similar way, we calculate the beneficiary and non-beneficiary sub-criteria for further calculation
process.

V. The de-neutrosophication of TNN is done by the process of Equation (10). For the beneficial attributes,
the value is S;, and for the non-beneficial attributes, the value is S;;, which is evaluated in this step where

m=12,..,6.
VI. Now, computation the below given equation,
H. =S+ an:l(sr_n)xsr_nin (29)
m am=1om) " Smin

where, § be the alternatives and S,;,, = min{s,;:m = 1,2, ..., §}.
VII. Finally, the required value of K,,, is,
K = 2= x 1005 (30)

max
In this equation, Hypqy = {Hp:m = 1,2, ..., 8} and the rank of the alternative comes by depending on the

value of K.

5. Criteria Selection for Canteen in a University Campus

This section describes the short description of every criterion and sub-criteria. The selection of the location for
the canteen in an educational institute is dependent on multiple criteria and sun-criteria. Those criteria and sub-
criteria are selected from the detailed literature studies on canteen location selection studies (Sholihah et al.,
2020; Jannah and Rahayu, 2023; Navelkar et al., 2022; Wyse et al., 2019; Schneider et al., 2021) and opinions taken
from the decision makers (DMs). Figure 4 graphically represents the criteria and sub-criteria of the canteen site
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selection in the university campus problem. There are five criteria and fourteen sub-criteria are considered for
this site selection. The brief discussion on these criteria and sub-criteria are mentioned as follows:

Canteen Site Selection
in a University
Space and Infrastructure and Safety and Env1ronmental
Layout (D) Utilities (D3) Compliance (D,) Factors (Ds)

Water Supply Fire Safety Water quallty
(D1a) (Ds4)
Accessﬂnhty Ventllatlon and Hygiene Standards Noise Pollutum
Lighting (D2p) Electricity (D3p) (Dsp)
Restroom [Waste Management .
Tecilifes () Security (Dac)

Internet
(Connectivity (Dsp)

Location (D;)

Proximity to
Students (Dy4)

Figure 4. Criteria and sub-criteria of the Canteen site selection study

5.1 Location (D;)

The site of the canteen should be selected purposively such that students, facilities and all staff can easily access
it. The canteen should be located near the academic buildings, library and administrative building for convenience
and minimizing duration to reach over there. And more importantly, the canteen must be visible from most parts
of the university campus so that customers can easily locate it.

A. Proximity to Students (D ,4):

It is an important point to be noted while choosing the site for the canteen in a university as it makes
accessibility easy and certain to the pupils. It needs to be positioned close to the educational sector, dormitories
as well as common rooms. This will guarantee the maximum use and with enhanced foot traffic. This must ensure
to fulfil the student's dietary requirements, increased inter-communication and secure a overall contentment with
the features of campus.

B. Accessibility (D;5):

It is a vital factor for opting the place for food court within the university premises. It needs to ensure that all
the pupils including the ones with challenges in mobility and other impairment can easily approach the area.
Exclusivity, perfection and a sound patronage needs to be certified with smoothly reachable walkways,
communication and ramps. The overall welfare of the student's mass can be ensured with a mindful site selection
and nature friendly surroundings.
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5.2 Space and Layout (D,)

There should be plenty of space for sitting especially during lunch. The layout should provide clear paths for
students to travel inside the canteen. The presence of natural light and well maintained ventilation is also
important for comfort.

A. Size (Dyy):

It is another crucial feature to be taken into consideration as it ensures proper seating arrangement and service
management to fit in enough pupils. A canteen with enough space can effectively control meal distribution times
at their peak levels. A spontaneous service providing system can be ensured with various food options to create
nurturing surroundings. An enormous potentially varying mass of students can be satisfied with the guarantee of
decreased waiting time for the service, swift operations and all together enhanced meal time experiences.

B. Ventilation and Lighting (D,p):

Circulation of fresh air light is a major factor to focus on as it delivers overall comfort and feasible ambience. To
prevent odour and heat build, a tolerable environment must be created that can be eliminated through proper
ventilation and temperature management. The light should pass in a sufficient amount to ensure the safety and
congenial place to eat. Fresh air and light provide both health and security as well as build a satisfying environment
altogether.

C. Restroom Facilities (D,):

Washroom facilities are an important thing that contributes to the students' hygiene and comfort. Clean and
well maintained restrooms provide solace to the pupils while devouring. This will elevate the foot traffic as well
as foster better sanitary conditions for them. This aligns with affirmative and structured canteen management
giving a realistic and gratified food abode.

5.3 Infrastructure and Utilities (D3)

Satisfactory utilities and arrangements must be present in the canteen side. This should include plenty of water
supplies, proper electricity and an organised disposal system of waste. There also should be enough kitchen space
to cook a lot of food items.

A.  Water Supply (D3y4):

Water supply is an essential accessory to maintain a canteen as it is a necessity for the preparation of food,
cooking, cleaning and sanitization. Proper availability of fresh water certifies the good quality of food and hygiene.
It also ensures the continuation of the operations of the canteen without any retardation.

B. Electricity (D3p):

Unswerving electric supply is an important part to be aware of, as it supplies the energy in cooking appliances,
e-payment systems, illuminations, and cold storage equipment. Proper electric supply certifies swift flow of work,
convenient storage system along with provides work worthy and well lit surroundings for employees and pupils.

C. Waste Management (Ds():

Waste management is vital in the canteen's site selection as it contributes to maintaining cleanliness, decreases
environmental pollution as well as averts problems such as irksome doors or pests. An appropriate disposal system
with the adoption of waste refusal gives a welcoming and sterile environment in which to dine.

D. Internet Connectivity (D3p):

It enables rapid technological solutions through the internet and is also helpful in providing streamlined
functioning and efficiency improvement. Online order and payment systems, display of digital bills and menu,
point of sale systems and different other operational features can be satisfied through the usage of technical
advances.
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5.4 Safety and Compliance (D,)

There should be proper safety in the canteen. This consists of flame-proofed surroundings, high hygienic
standards and overall security. The canteen should be full of security procedures to shield purchasers and staff.

A. Fire Safety (D44):

Flame-proofed surroundings are crucial to provide protection both to the pupils and the workers in case of a
fire emergency. Approachability to fire safety services and strict fire safety principles, including fire alarms and
extinguishers, reduce risks and zero compromise with safety levels insures regular canteen operations. It
contributes to overall safety and security for everyone.

B. Hygiene Standards nearby (D,p):

High hygienic standards are essential for choosing the site of the canteen as the quality of food determines the
health benefits gained by the students as well as elevating the goodwill of canteen facilities. Placement in clean
and neat areas, the positions higher hygienic services are maintained that has to attract more students. It prevents
potential health risks and delivers proper sanitation for the preparation and consumption of food materials.

C. Security (D4c):

Safety and security are one of the major things to be taken into consideration for the placement of food services.
Both the patrons and the faculties need to be safe along with the apparatus and raw materials. Thefts and
vandalism can be deduced by choosing a location with several surveillance cameras, lighting facilities and limited
access.

5.5 Environmental Factors (Ds)

There should be consideration of various natural factors considering the surrounding environment. The site of
the canteen must avoid places which are flood prone, noisy environment and unpleasant and unsafe to sit and eat
over there.

A.  Water quality (Dsy):

The quality of water that is being supplied in that area is beneficial while selecting the canteen's position. Water
is mandatory for the composition and consumption of food and along with that, it is needed for cleaning, washing
and drinking purposes. Unsterile water may cause different health issues that will bring down the quality standards
of the canteen. In order to build a satisfying environment for the pupil’s quality of water needs to be maintained.

B. Noise Pollution (Dsp):

Noise pollution is a beneficial factor that needs to be looked after at the time of choosing a place for food court.
Position with retarded noise factors ensures a refreshing and enjoyable eating experience. Students will be able
to devour with limited disruption. Socialising become much more delightful. Along with that, the employees also
need peaceful surroundings to work in, which is to be provided through this. Altogether less noise pollution
delivers a nice environment to the ones giving the service as well as the ones taking the services.

6. Alternative selection and Model structured

This section describes the alternative selection process and model structured procedure in detail. First, the
alternative selection process, i.e., the proposed locations for the canteen on the university campus and brief
details on the sites. Further, describe the model structure procedure of this study.

6.1 Alternative selection

This section discussed the process of the alternative selection process and verified the description of proposed
locations as alternatives. Locations for the canteen in the university campuses were selected based on the
requirements of the students and staff by detailed analysis and seeing the university building structured. Further,
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the proposed locations are verified by the decision experts. The locations for the canteen are geometrically
presented in Figure 5.

Krishnanagar National Highway (NH12) Kolkata
1

Academic
Building
Building

.{b'
Q
B

Site 1: (E,) hd

>
c@&\
Qe

(2]
2
2
3
¢

E
o
<

Workshop Area

Site 3: (E3)

Figure 5. Geometric locations of proposed Canteen sites in the University campus

Three locations are considered for this study as alternatives and the details of the locations are as follows:

l. Spot 1: Near Administrative Building (E;): The administrative building's closeness to the university
canteen gives convenient access mainly for staff and also students to meals and also getting extra
refreshments during the working breaks. It enhances informal encounters between staff and students of
the university, boosting communication. This site makes the canteen more accessible easily to all on
campus. Furthermore, it helps institution visitors easily navigate to find food options easily. Finally, this
proximity can save time for staff who actually need coffee, tea or quick meals during their busy schedule.

Il. Spot 2: Close to Academic Building (E,): Faculty and students may easily get snacks and meals in between
classes as the university canteen is close to the academic building. It enhances focus on academics during
busy schedule. This also provides a social and calm environment where students can discuss various
academic topics outside of class. Additionally, it makes easier for faculties and staff to have casual
meetings or discussions over meals, which helps them bond better. After considering all things, it can be
concluded that it improves campus life by integrating dining options into the academic experience.

Il Spot 3: In proximity to the playground (E3): Students during sports can readily obtain drinks and food
because of the university canteen's proximity to the playground, which helps to recover students' health.
During different sports events, this location provides a convenient spot for spectators and participants to
gather and refreshments. It also gives as a proper meeting point for students before or after using the
playground equipment. This site also fosters an energetic atmosphere and merges social and recreational
activities. And finally, it enhances the overall meal selections more enjoyable with sports and leisure

activities.
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6.2 Model structured

The model formulation of this study is formulated in this section. The five criteria and fourteen sub-criteria are
considered for this study, which are described in Section 5 and three alternatives are selected in the university
campus, which is covered in Section 6.1, respectively. The ambiguity capturing mathematical tool, the Triangular
Neutrosophic Numbers (TNNs), is discussed in Section 3 and the MCDM based optimization techniques are
theoretically presented in Section 4. Further, the decision matrices are formulated with 3 X 5 order and
3% (2+3+4+ 3+ 2)=3x 14 order for the criteria and sub-criteria, respectively. The structural flowchart of
the proposed model is presented in Figure 6. All the data are collected by two decision makers (DMs) or decision
experts who are experienced, well knowledged and unbiased in their opinions. The DMs are

(DM 1) A professor from the Civil engineering department with 10 years of experience

(DM 2) A university nominated government officer with 15 years of experience

» Canteen sites selection in
University campus

+ Evaluate criteria & sub-criteria weight
Process + Rank the alternatives (Sites)

e

Methods

2

* CRITIC
* COPRAS

* Triangular Neutrosophic Number
(TNN)

Environment

Figure 6. Hierarchical structure of the proposed model

7. Data collection

In this section, we mainly focus on the wise decisions of two decision makers (DMs). They give their right
decision of the site selection for canteen in a university campus. We convert this term into a mathematical term
with a Triangular Neutrosophic Number (TNN) that is shown in Table 6. The linguistic term of Table 7 is used for
the decision matrix, i.e., Criteria vs Alternative and Table 8, Table 9, Table 10, Table 11 and Table 12 represent the
decision matrix between criteria vs sub-criteria of the criteria Location (D, ), Space and Layout (D), Infrastructure
and Utilities (D3), Safety and Compliance (D,) and Environmental Factors (D), respectively.

Table 6. Comparison table between linguistic terms and the set of considered numbers of TNN

Linguistic Terms Triangular neutrosophic number (TNN) De-neutrosophic Value
Absolutely Crucial (AC) {13,15,17;0.60,0.15,0.20} 15.0
Strongly Crucial (SC) {11,13,15; 0.60,0.15,0.20} 13.0
Very Crucial (VC) {9,11,13; 0.60,0.15,0.20} 11.0
Equally Crucial (EC) {7,9,11;0.60,0.15,0.20} 9.0
Weakly Crucial (WC) {5,7,9;0.60,0.15,0.20} 7.0
Low Crucial (LC) {3,5,7;0.60,0.15,0.20} 5.0

Poorly Crucial (PC) {{1,3,5;0.60,0.15,0.20} 3.0
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Table 7. Decision matrix in linguistic terms of criteria and alternatives given by two DMs

Safety and .
Criteria vs Alternatives Location (D) Space and  Infrastructure c i Environmental
iteria v iv i mplian
1 Layout (D,) and Utilities (D) © (ZI) ce Factors (Dg)
4
t1:N Administrati
Spo e'ar' dministrative sc Ve EC sc Ve
Building (E;)
— Spot 2: Close to Academic
> e AC AC SC SC VC
o Building (E,)
Spot 3: In proximity to the
EC EC WC LC EC
playground (E3)
. Safety and .
Criteria vs Alternatives Location Space and Infrastructure c i Environmental
ompliance
(D) Layout (D,) and Utilities (D3) (Z ) Factors (Ds)
4
Spot 1: Near Administrative
o VC VvC SC SC EC
Building(E,)
N Spot 2: Close to Academic
> e AC SC SC AC VC
o Building (E,)
Spot 3: In proximity to the
EC VC WC LC PC

playground (E3)

Table 8. Decision matrix between sub-criteria of Location (D,) and alternatives by DMs

Sub-Criteria vs Alternatives

Proximity to Students (D;4)

Accessibility (D;5)

Spot 1: Near Administrative Building (E;) VvC AC
§ Spot 2: Close to Academic Building (E,) AC SC
e Spot 3: In proximity to the playground (E;3) VC EC
Sub-Criteria vs Alternatives Proximity to Students (D;4) Accessibility (D;p)
Spot 1: Near Administrative Building (E;) SC SC
%‘ Spot 2: Close to Academic Building (E,) AC AC
° Spot 3: In proximity to the playground (E5) SC VvC
Table 9. Decision matrix between sub-criteria of Space and Layout (D) and alternatives by DMs
Sub-Criteria vs Alternatives Size (D,4) Ventilation and Lighting (D,5 Restroom Facilities (D)
Spot 1: Near Administrative Building (E;) AC VC AC
% Spot 2: Close to Academic Building (E,) SC AC AC
Spot 3: In proximity to the playground (E3) VC SC VC
Sub-Criteria vs Alternatives Size (D,4) Ventilation and Lighting (D, 5 Restroom Facilities (Dy¢)
Spot 1: Near Administrative Building (E;) AC SC e
% Spot 2: Close to Academic Building (E,) SC VC AC
Spot 3: In proximity to the playground (E3) SC VC EC
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Table 10. Decision matrix between sub-criteria of Infrastructure and Utilities (D3) and alternatives by DMs

Water . Waste Internet
L . Electricity .
Sub-Criteria vs Alternatives Supply (Da) Management Connectivity
(D34) °F (Ds¢) (Dsp)
Spot 1: Near Administrative Building (E;) EC AC SC AC
—
g Spot 2: Close to Academic Building (E,) vC SC VC SC
Spot 3: In proximity to the playground (E3) WC EC LC VC
Water . Waste Internet
L . Electricity L.
Sub-Criteria vs Alternatives Supply (Da) Management Connectivity
(D34) °F (Ds¢) (D3p)
Spot 1: Near Administrative Building (E;) wC SC VvC AC
o
g Spot 2: Close to Academic Building (E,) SC AC EC AC
Spot 3: In proximity to the playground (E3) LC EC PC EC

Table 11. Decision matrix between sub-criteria of Safety and Compliance (D,) and alternatives by DMs

Fire Safet Hygiene Standard b
Sub-Criteria vs Alternatives Ire Sarety yBIene standards hearby Security (Dy¢)
(D4a) (Dyp)
Spot 1: Near Administrative Building (E;) SC SC VC
—
g Spot 2: Close to Academic Building (E,) AC VC AC
Spot 3: In proximity to the playground (E3) EC LC PC
Fire Safet Hygiene Standard b
Sub-Criteria vs Alternatives Ire Sarety yBIene standards hearby Security (Dy¢)
(D4a) (Dyp)
Spot 1: Near Administrative Building (E;) AC VC VC
o
% Spot 2: Close to Academic Building (E,) AC EC SC
Spot 3: In proximity to the playground (E3) wC PC LC

Table 12. Decision matrix between sub-criteria of Environmental Factors (Ds) and alternatives by DMs

Water qualit
Sub-Criteria vs Alternatives q ¥

Noise Pollution (Dsg)

(Ds4)
Spot 1: Near Administrative Building (E;) VC AC
—
E Spot 2: Close to Academic Building (E,) SC EC
Spot 3: In proximity to the playground (E3) wcC LC
Wat lit
Sub-Criteria vs Alternatives ater quality Noise Pollution (Dsg)
(Dsa)
Spot 1: Near Administrative Building (E;) VC SC
o
g Spot 2: Close to Academic Building (E;) VC EC
Spot 3: In proximity to the playground (E;3) EC PC
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8. Numerical lllustration and Discussion

In this section, we explain the required numerical results of the canteen site selection problem by MCDM based
methodology and how it varies with three different sites numerically. This decision-making method is used to find
criteria weights of the criteria and sub-criteria. It also calculates the rank of alternatives. CRITIC and COPRAS
methods are used to evaluate this weight and rank, respectively.

At first, we computed the weight of the criteria in Table 13 and the local and the global weight of the sub-

criteria in Table 14 with CRITIC methodology, discussed in Section 4.1. The data sets from Section 7 are used to
solve this site selection problem.

Table 13. Criteria weight evaluated by CRITIC method
Factor of the Canteen Site Selection

in a University Campus Weight
Location (D4) 0.1252

Space and Layout (D,) 0.3571
Infrastructure and Utilities (D3) 0.1007
Safety and Compliance (D,) 0.2138
Environmental Factors (Ds) 0.1732

Remark 2. We notice that Space and Layout (D) criteria are the most weighted and Infrastructure and Utilities
(D3) are the less weighted criteria in Table 13 and Figure 7. Safety and Compliance (D,), Environmental Factors
(Ds) and Location (D) get the second, third and fourth weighted criteria, respectively.

Environmental Factors (D5)
17%

Location (D1)

Infrastructure and Utilities (D3)
10%

Space and Layout (D2)
36%

Figure 7. Criteria weight evaluated by CRITIC weighted technique
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Table 14. Weight of the sub-criteria determined by CRITIC procedure

Sub-criteria Local Weight Global Weight
Location (D,)
Proximity to Students (D;4) 0.5 0.0626
Accessibility (D;p) 0.5 0.0626
Space and Layout (D)
Size (Dy,4) 0.386207 0.1379
Ventilation and Lighting (D,5) 0.428221 0.1529
Restroom Facilities (D,) 0.185572 0.0663
Infrastructure and Utilities (D3)
Water Supply (D34) 0.42618 0.0429
Electricity (Ds5) 0.14129 0.0142
Waste Management (D) 0.23721 0.0239
Internet Connectivity (D3p) 0.19531 0.0197
Safety and Compliance (D,)
Fire Safety (D,,) 0.172319 0.0420
Hygiene Standards nearby (D,g) 0.496994 0.1212
Security (D,¢) 0.330687 0.0806
Environmental Factors (D)
Water quality (Dg4) 0.5 0.0866
Noise Pollution (Dgp) 0.5 0.0866

Remark 3. Table 14 represents the sub-criteria weight based on the local and global. Proximity to Students
(D14) and Accessibility (D;g) be the same weighted sub-criteria of Location (D;). And, the same thing happened
with Criterion five, i.e., Environmental Factors (Ds). Ventilation and Lighting (D,5), Water Supply (D34), Hygiene
Standards nearby (D,p) are the highest sub-criteria among the sub-criteria of the criteria Space and Layout (D),
Infrastructure and Utilities (D3), Safety and Compliance (D,), respectively. The Pi diagram of the global weight of
sub-criteria is presented in Figure 8 graphically.

Criteria
m Location (D1)
= Space and Layout (D2)
= Infrastructure and Utilities (D3)
Safety and Compliance (D4)
m Environmental Factors (D5)

Sub-criteria

= Proximity to Students (D1A) = Accessibility (DI1B )

u Size (D2A) Accessibility (D2B )

= Ventilation and Lighting (D2C ) = Water Supply (D3A)

u Electricity(D3B) = Waste Management (D3C)
m Internet Connectivity(D3D) m Fire Safety (D4A)

m Hygiene Standards nearby (D4B )  m Security (D4C )

= Water quality (D5SA) = Noise Pollution (D5B )

Figure 8. Pi diagram of the criteria and sub-criteria weight
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Three distinct locations are selected as choices in order to verify and consider the best site for a canteen in a
university campus. We use the COPRAS method of MCDM methodology described in Section 4.2. We present the
rank of the selected alternatives in Table 15 with the COPRAS technology to realise the difference between the

best and worst site for the canteen based on the weighting of different criteria and sub-criteria in Table 13 and
Table 14, respectively.

Table 15. Ranking of the alternatives and their associated values by COPRAS method

Alternative Sh Sm H,, K Ranking
Spot 1: Near Administrative Building (E;) 15.3869 1.9321 16.3508 92.9166 2
Spot 2: Close to Academic Building (E,) 16.4642 1.6437 17.5973 100 1
Spot 3: In proximity to the playground (E3) 9.9186 0.8128 12.2101 69.3859 3

Smin = min{S;, :m =1,2,...,6} = 0.8128

Remark 4. According to the two DMs' decision, it is easy to say that Spot 2: Close to Academic Building (E,) is
the most ideal and Spot 3: In proximity to the playground (Ej) is less ideal site for this site selection problem.

And, Spot 1: Near Administrative Building (E;) be the medium place for structuring it. Figure 9 shows the ranking
of the sites as alternatives using a Bar diagram.

m Spot 1: Near Administrative Building (E1) ™ Spot 2: Close to Academic Building (E2) = Spot 3: In proximity to the playground (E3)
Figure 9. Ranking of the different proposed canteen sites using the COPRAS process
9. Sensitivity analysis

The sensitivity analysis of this research is presented in this section. There are four cases considered in this study.

Further, the rankings of the alternatives are comparatively analysed by the main results. The following cases are
described as follows:

9.1 Case 1: Remove criteria Safety and Compliance (D,):

In this case, to evaluate the sensitivity analysis of this site selection problem for the university canteen, we
remove the criteria and sub-criteria of Safety and Compliance (D,). Since the university provides safety
everywhere, the problem is analyzed here without these criteria. Then, based on the two DMs decisions and
considering the rest of the criteria, we notice that Spot 2: Close to Academic Building (E,) is the ideal place for
this problem and the ranking result is the same as our main structured model.

Remark 5. E,, E; and E; get the Rank 1, 2 and 3, respectively, which is expressed in Table 16. Figure 10 explains
this case in a clear way.

209



Journal of Decision Analytics and Intelligent Computing 4(1) (2024) 187-215 Biswas et al.

9.2 Case 2: Remove criteria Environmental Factors (Ds):

We express this case except the criteria and its sub-criteria of Ds, i.e., environmental factors. So, from the
perspectives of the two DMs, we can analyze the remaining categories. Now, Spot 2: Close to Academic Building
(E,) is the perfect and Spot 3: In proximity to the playground (E;3) is the less perfect place for this site selection
problem.

Remark 6. E,, E; and E; hold the Rank 1, 2 and 3, particularly in Table 16. Figure 10 also presents it easily.

9.3 Case 3: Interchange the weights of the criteria and sub-criteria of Space and Layout (D,) and Safety and
Compliance (D,):

We note that Space and Layout (D) and Safety and Compliance (D,) are almost equally important factors in
this problem. So, we interchange the weights of their criteria and sub-criteria. After that, we proceeded to the
problem and found that Spot 2 is the best location for the canteen.

Remark 7. E,, E; and E; occupy Rank 1,2 and 3 individually in this case in Table 16 and Figure 10 expresses it
graphically.

9.4. Case 4: Increase the weight of the criteria Infrastructure and Utilities (D) and associated sub-criteria:

In some cases, we note that the factor Infrastructure and Utilities (D3) plays an important role in the canteen
site selection problem. Here, we increase the weight of this criteria and its' associated sub-criteria. And finally, we
get that Spot 2: Close to Academic Building (E,) is the ideal place for a canteen in the university.

Remark 8. We see that E, holds Rank 1 and E5 holds Rank 3, which is the same as the main model and it is
shown in Table 16. Then, Figure 10 explains this case easily.

Table 16. Ranking of the alternatives by various sensitivity analysis cases

Alternative Case 1l Case 2 Case 3 Case 4 Main Model
Spot 1: Near Administrative Building (E;) 2 2 2 2 2
Spot 2: Close to Academic Building (E,) 1 1 1 1 1
Spot 3: In proximity to the playground (E3) 3 3 3 3 3

1

2

3

Casel Case2 Case3 Cased Main Model

ISpot 1: Near Administrative Building (E1) 4 Spot 2: Close to Academic Building (E2) i Spot 3: In proximity to the playground (E3)

Figure 10. Sensitivity analysis in four several cases

210



Journal of Decision Analytics and Intelligent Computing 4(1) (2024) 187-215 Biswas et al.

10. Research implication

The location selection for a canteen on a university campus has important research implications in a number of
areas, i.e.,

(i) User/ Member Accessibility: Studying the location can reveal how staff and students can easily access the
university canteen, which impacts usage and satisfaction.

(i) Traffic Analysis: This study can focus on the students, staff and others to flow patterns and identify the
optimal places which attract higher foot traffic and making sure that the canteen is frequently visited.

(iii) Health with Safety: Research could assess how site selection affects standards of hygiene and safety
protocols.

(iv) Environmental Effect: Investigating the site’s closeness to garbage elimination, utilities, and natural
resources reduces the impact on the environment and optimizes energy use.

(v) Social and Cultural Factors: The canteen site selection problem may impact students and stuffs
interactions, serving as a social hub that encourages community engagement.

(vi) Infrastructure Encouragement: Construction and maintenance prices may be decreased by selecting a
location with planned or current assistance for energy, garbage management and water services.

(vii) Financial Viability: Research can analyse how proximity to the main university areas, i.e., libraries,
classrooms, etc., affects revenue, operational expenses and overtime sustainability.

(viii) Noise or Disturbance: By reducing noise or disturbance to nearby study spaces, research can compute the
impact of location on the academic surroundings.

(ix) Prospective Growth: Research on location scalability is essential to ensure the canteen can accommodate
expanding student numbers or raised demand over time.

11. Conclusions and Future Research Scope

Selecting the right spot for a university canteen is very significant for enhancing the student and stuff
contentment and campus life. It is more convenient for staff and students to have meals during breaks or in
between classes when a perfect site is provided. A proper location selection can also reduce chaos and ensure
efficient service during busy hours. It also encourages social contact and establishes a common area where
students can relax and work together. Staff can also catch up on unofficial conversations between themselves at
this place. Additionally, locating the canteen near other key facilities like academic buildings, administrative
buildings or playgrounds can promote waking and ease of use. Careful site selection can also encourage
sustainable behaviour such as reducing the need for long-distance travel across campus. A well-placed canteen
not only serves as a place for the meals but becomes an energetic area of campus life and it also contributes to
the overall well-being and sense of belonging to the community. In the end, the canteen's site selection plays the
main role in the university campus experience.

This research work has some limitations or constraints which help to extend this work in future research. The
probable future research scope are discussed as follows,

a) We select five several criteria and the first, second, third, fourth and fifth criteria have two, three, four,
three, two different sub-criteria, respectively. We may consider many other criteria and sub-criteria for
this site selection decision making model formulation in future.

b) More locations on the university campus as alternatives will be taken for future analysis. We may extend
our data set to ensure that the results are accurate.

c) In order to establish the criteria weight and rank the alternatives, many other MCDM techniques can be
used.

d) Different fuzzy numbers, such as triangular, trapezoidal, pentagonal, hexagonal, heptagonal, intuitionistic;
probabilistic linguistic word sets, etc., may be taken into consideration in order to reflect the ambiguity of
the data collection. Moreover, various de-neutrosophic methods can also be considered for de-fuzzifying
the considered fuzzy numbers.
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e) Forthe proposed model's sensitivity analysis, more cases may be taken in future research.
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