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Abstract: This paper develops a CRITIC-TOPSIS “multi-criteria decision-making” method under a neutrosophic
environment. The neutrosophic set is a generalized version of the fuzzy and “intuitionistic fuzzy set”. The purpose
of this paper is the extension of the CRITIC-TOPSIS method using neutrosophic sets to create a more accurate and
efficient decision support system for selecting a very light business jet (Bizjet). It provides the ranking to the selected
number of Bizjets based on some pre-defined criteria under the neutrosophic CRITIC-TOPSIS method. The results of
this study are obtained from the extended version of the previous study on decision-making for the selection of Bizjets.
This study obtains results under the neutrosophic environment with a more realistic scenario.
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1. Introduction

Early in the 1950s, the first business jets were created and flown. Over the past few decades, the demand for
bizjets increased, and this industry has expanded a lot. Moreover, small business aircraft is used mainly by government
officials, Celebrities, and entrepreneurs to cover many destinations in a single day along with their luxurious features.
Nowadays, there is a lot of competition in various airplane manufacturing companies to fulfill the rising demand
for small business jets. As a result, designers and manufacturers are constantly improving a few factors, such as
aerodynamic features, fuel efficiency, time savings by reducing flight duration, and comfortable surroundings. All
these factors are directly or indirectly related to aircraft performance, ultimately enhancing the overall experience
of passengers and also improving operational efficiency [1-2]. MCDM methods provide decision-makers with tools
and techniques to assess and compare alternatives based on different criteria, taking into account the preferences and
priorities of the decision-maker. In multi-criteria decision-making (MCDM), the CRITIC method is a scientifically
supported method for calculating the relative weights or importance of criteria based on their correlations. It makes use
of statistical methods to examine the correlation matrix, which represents the relationships between pairs of criteria. The

Copyright ©2023 Arunava Majumder, et al.

DOI: https://doi.org/10.37256/cm.4420232963

This is an open-access article distributed under a CC BY license
(Creative Commons Attribution 4.0 International License)
https://creativecommons.org/licenses/by/4.0/

Contemporary Mathematics 1180 | Arunava Majumder, et al.


http://www.wiserpub.com/
http://ojs.wiserpub.com/index.php/CM/

CRITIC method determines the criteria weights through calculations by assessing the magnitude and direction of these
correlations. By incorporating statistical analysis, the CRITIC method provides decision-makers with a quantitative
measure of criterion importance, reducing the potential for subjective biases. The Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) is a widely employed method within the field of multi-criteria decision-making
(MCDM) [3-4]. It offers a scientific approach for evaluating and ranking alternatives based on their proximity to an
ideal solution. TOPSIS incorporates both positive and negative ideal solutions to assess the relative performance of
alternatives across multiple criteria [5-6]. The motivation for this study lies in the limitations of existing approaches.
Many research works have been carried out regarding TOPSIS with crisp, fuzzy, and intuitionistic fuzzy data, whereas
TOPSIS with a neutrosophic environment was rarely initiated. In real-life situations, uncertainty is unavoidable, and it is
difficult for crisp set theory to handle vagueness and uncertainty. The problem of ambiguous and imprecise information
present in real-world decision-making problems can be resolved by using fuzzy TOPSIS [7-9]. Neutrosophic TOPSIS
is a valuable tool for decision-makers to manage uncertainties and imprecisions inherent in neutrosophic information
effectively. This method systematically incorporates neutrosophic sets and employs suitable distance measures to
establish a decision-making framework specifically designed to address situations involving indeterminacy and
contradiction. Neutrosophic TOPSIS enables decision-makers to analyze and evaluate alternatives by considering the
unique characteristics of neutrosophic information, ensuring a comprehensive and accurate decision-making process.
Our paper proposes a framework for evaluating and recommending the best alternative by utilizing the CRITIC-TOPSIS
approach in a single-valued neutrosophic environment. The main objectives of this paper can be summarized as follows:

* A framework is proposed that provides the best choice of the bizjet from a list of some predefined alternatives
using the neutrosophic MCDM approach.

* A systematic approach is proposed for selecting the essential features and for converting the crisp data into the
single-valued neutrosophic set.

* Neutrosophic TOPSIS for performance evaluation and ranking is used to combat vagueness, indeterminacy,
inconsistency, and subjectivity in decision-making.

* A case study using the data of aircraft is presented in which objective weights of criteria are calculated under the
CRITIC method and ranking of Bizjets is done using the TOPSIS method using neutrosophy.

2. Literature review

Several kinds of research have been done in the last decade to incorporate the ambiguity and vagueness of the
initial information into multi-criteria decision-making (MCDM) methods for the solution of complex nature practical
problems [10-12]. Fuzzy set theory is the most important tool used to solve decision-making problems that involve
uncertainty and vagueness. Zadeh [13] introduced fuzzy set as a class of objects with a continuum of grades of
membership. Bellman and Zadeh [14] has used fuzzy set in decision-making problems in 1970. Using fuzzy sets, they
managed multistage decision processes where either stochastic or deterministic systems are controlled.

Atanassov [15-16] introduced the degree of non-membership/falsehood and defined the intuitionistic fuzzy set.
Daneshvar et al. [17] proposed the intuitionistic fuzzy TOPSIS method for the green supplier selection problem. Beskese
et al. [18] has done evaluation of wind turbine using the hesitant fuzzy AHP-TOPSIS method. They demonstrate the
proposed method through a case study in Turkey. Zeng et al. [19] proposed the new intuitionistic fuzzy aggregation
method for an assessment of digital reforms of the manufacturing industry in China. Akram et al. [20] suggested two
novel modified techniques, the Pythagorean fuzzy hybrid ELimination and Choice Translating REality / (PFH-ELECTRE
I) method and the Pythagorean fuzzy hybrid Order of Preference by Similarity to an Ideal Solution (PFH-TOPSIS)
method, to measure risk rankings in failure modes and effects analysis (FMEA). These approaches are intended to
address the drawbacks and limitations of conventional crisp risk priority numbers and fuzzy FMEA procedures in
risk rankings. Moreover, in recant years many researchers [21-24] have used intuitionistic fuzzy sets to solve several
ambiguous and uncertainty-based MCDM problems. In 1998, Smarandache [25] introduced the degree of indeterminacy
as an independent component and defined the neutrosophic set on three components (7, 7, F) = (truth, indeterminacy,
falsehood). Smarandache [26] in 2005 explained that neutrosophic sets are the generalization of intuitionistic fuzzy
sets. He has discussed many examples to show the difference between neutrosophic sets and intuitionistic fuzzy sets.
Nie et al. [27] solved an MCDM problem of solar-wind power station location using an extended weighted aggregated
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sum product assessment (WASPAS) technique with interval neutrosophic sets. Rani et al. [28] proposed single valued
“neutrosophic-CRITIC-MULTIMOORA” model to resolve the problem of selection of multi-criteria food waste
treatment method. In recent research, many researchers have applied the concept of Neutrosophic sets and their
properties to resolve some multi-criteria decision-making (MCDM) based problems [29-35].

3. Notations and abbreviations

The various notations used in this study are described in Table 1.

Contemporary Mathematics

Table 1. Notations and abbreviations

Notation abbreviation

Fy Fuzzy set

1 Intuitionistic fuzzy set

N, Neutrosophic set

NSV Single valued neutrosophic set

cuelU belongs to

g,ug U not belongs to

X-Y set-theoretic difference of sets

Xcvy set inclusion

XCv proper set inclusion

XVYy union of two sets 4 and B

xXny intersection of two sets 4 and B

Xev addition of two sets

X®Y multiplication of two sets

fX->Y function (or mapping) with domain X and range in ¥
P, membership function of fuzzy set 4

Uy, membership function of the intuitionistic fuzzy set '
vy, non-membership function of the intuitionistic fuzzy set F'
.73 hesitation function of the intuitionistic fuzzy set '
Ty, membership function of neutrosophic set N

Iy, indeterminacy function of neutrosophic set N
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Table 1. (cont.)

Notation abbreviation

Fy, non-membership function of neutrosophic set N

Dy (X, Y) separation measure between X and Y

p(4, B) correlation coefficient of two sets A and B

o standard deviation

Cy(4, B) correlation number of two neutrosophic sets 4 and B
(A) informational energy of set 4

i normalized decision value

CC; relative closeness coefficient

4. Preliminaries

In this section, we have presented an overview of MCDM, fuzzy set, Intuitionistic fuzzy set, and single-valued
neutrosophic sets and related definitions.

4.1 Multi-criteria decision-making(MCDM)

Multi-criteria decision-making technique is a handy utility of operations research that is used to provide ranking to
a set of alternatives based on some pre-defined criteria [36-37]. Most of the real-life based problems are based on vague
and imprecise information which gives rise to conflicting criteria. Fuzzy MCDM helps decision makers to resolve such
types of problems and find optimal solutions under fuzzy environment [38]. Many researchers have applied general
MCDM and Fuzzy MCDM to resolve decision-making problems [39-40].

4.2 Fuzzy set

The fuzzy set theory is the most appropriate tool used by researchers for solving problems in MCDM where the
information is vague and imprecise. Fuzzy sets can effectively represent uncertain and imprecise parameters and can
be handled through different operations on fuzzy numbers. Since uncertain parameters are treated as imprecise values
instead of precise ones, the process will be stronger and the results will be more creditable. The concept of the fuzzy
set was introduced by [13] in 1965. He defined a fuzzy set as a class of objects with grades of membership. One way to
identify such a set is by its membership function, which gives each object a membership grade between zero and one.
Mathematically, the Fuzzy set is defined as

Definition 1. Fuzzy set [13]. Let S be the universal non-empty set. The Fuzzy set £ in S is defined as

Fy={(s, op, (s)|s€S) (1)

Whereas, the membership function

op, 1S —[0,1] )
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signifying the degree of association with each element s € S with condition
0<gp <1 3)

4.3 Intuitionistic fuzzy set

In a fuzzy set, every element is associated with membership and non-membership functions. There is always a
relation between the degree of non-membership and the degree of membership. Non-membership functions have degrees
equal to one minus membership degrees. But in real situations, it is not always true. For example, in some particular
location, people want to elect one leader, so the degree of membership will lie between 0 and 1 for those persons who
will elect, but for those who will not elect their non-membership value is not equal to one minus membership value.
This is because there can be few members who will give invalid voting or who don’t want to vote at all.

The intuitionistic fuzzy set was introduced by [15] in 1986 as a way to address the limitations of traditional
fuzzy sets in capturing uncertainty. These sets are the generalization of the fuzzy sets. A fuzzy set is associated with
membership function only whereas in an intuitionistic fuzzy set each element has a pair of membership and non-
membership functions along with a hesitation function. The intuitionistic fuzzy sets are more efficient in dealing with
ambiguity and uncertainty. In recent research, intuitionistic fuzzy set theory has been utilized effectively to resolve some
MCDM problem-based applications.

Definition 2. Intuitionistic Fuzzy set (IFS) [16]. Let S be the universal non-empty set. The Intuitionistic Fuzzy set
I in §'is defined as

I, = {(x, M (x), 92 (x)) |xe S} “4)
such that
oS —>[0,1] and v; 1S —[0, 1] (5)
are the membership function and non-membership function respectively of the element x which satisfy the condition
0<py +vy <1 (6)

The function

7y () =1- g1y (0)-vy (%) (M
is called the hesitant function [41] of the element x.

4.4 Neutrosophic set

Neutrosophic Fuzzy Sets are a kind of fuzzy set that incorporates the concept of neutrosophy and that deals with
indeterminacy, ambiguity, and uncertainty. F Smarandache, provides a framework for handling complex decision-
making problems in which uncertainty, ambiguity, and incomplete information are involved [25, 42]. Neither fuzzy nor
intuitionistic fuzzy sets can deal with indeterminate or inconsistent data properly, but a “neutrosophic set” can deal with
such type of information.

Definition 3. Neutrosophic set [25]. Let S be the universe of the elements, which is an infinite non-empty set. A
neutrosophic set N, in §' is defined as
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N, = s, Ty (). Iy, (s), Fy, (s))|s €S} ®)
where

TNH : membership/truth function

Iy - indeterminacy/neutral/unknown function

F,, : non-membership/falsity

and

Ty, (5):8—-]0, 1, Iy (s):8-]0, 1"[, and Fy (s):§-]0, [
are defined on non-standard subsets of ]0°, 1 '[. Also,
0™ <sup(Ty, ())+sup(Ly, (s)+sup(Fy, ()<3" ©)
here is no restriction on the sum of 7 N, (s), I N, (s), and F’ N, (s) in neutrosophic set.

Definition 4. Single-valued neutrosophic set [43]. Let S be a universe of the elements and s € S. A Single-valued
neutrosophic set NV, s, in S is defined as

NSV :{<S’ TNSV (S)’INSV (s)’FNSV (S)>|SES} (10)

where
Ty, (s): membership function of single-valued neutrosophic set
)

1 N (s): indeterminacy of single-valued neutrosophic set
F N (s): falsity or non-membership of Single-valued neutrosophic set

and
Tyg, (8):8 [0, 1. Iy ():S = [0, 1], and Fyg (5):5 >[0, 1]
Also
0= sup(Tyg, (N+sup(Uyg, (N+sup(Fyg, ()<3. (an

Basically when S comprises single element, it is known as “Single-valued neutrosophic number”.
For Simplification,

Ns, = (s T, (5) I, (), Fivg, (D)5 €S}
can be written as

Ng, =, Iig, (), Ing, (5), Fg, (5)) (12)
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4.5 Set operations on Single-valued neutrosophic set

—_

Let N, and N, be two Single-valued neutrosophic sets in an infinite non-empty set U, then
a. Ny=N, < TNX(S) = TNy(s), [NX(S) = INy(s), FNX(S) = FNy(s).

b. Ny SNy < Ty () < Ty (), 1y, (5) < Iy (5), Fyy, () 2 Fy (5).

(Ny) = (s, Fy (), 1 = Iy (), Ty (s))| s € S}

d. N,\N, = {G, Ty, () A Fy (), Uy () A (1= 1y (9)), Fiy () v FNY(S)> |s €S}

e. Ny NN, = {Gs, TNy )(s) A Fy (), INp)($) A Ly, (5)), (F(Np)($)) A FNy(s)> |s eS8}

f. Ny UN, = {(s, Ty, () v Fy (), Iy, (s) vV Ly (5)), (Fy, (5)) VFNY(S)> |s eS8}

where v denotes maximum value and A denotes minimum value.

i

2. Suppose Ny, Ny, N,, and N, are four single neutrosophic sets in an infinite non-empty set S, then

i. IfN,SN,and N, &N, then N, EN,.

ii. IfN, SN, then NS S N{.

ii. IfNy €N, and N, SN, then N, UN, = N,.

iv. IfNy €N, and N, SN, then N, SN, NN,.

v. IfNy EN,and N, SN, then N, NN, SN, N N,.

Definition 5. Let S be the universe of elements and s € S. A “Single-valued neutrosophic set” N in S is said to be
a universe neutrosophic set if

TNS(s):INS(s):LFNS(s):O VseS (13)

Definition 6. Let S be the universe of elements and s € S. Let NSl = (TSI, ISI, FSI) and st = (Tsz’ ISz’ FSz) be two

“Single-valued neutrosophic numbers”, then the sum of N, 3 and N, s, can be written as

Ng, ® Ng, = (T5, (5) + T, () =I5, ()T, (5), L5, ()5, (), F, (5)F5, (s)) VseS (14)

Definition 7. Let S be the universe of elements and s € S. Let NSl = (TSI, ISI, FSI) and st = (Tsz’ ISz’ FSz) be two

“Single-valued neutrosophic numbers” , then the product of NSl and N, s, can be written as
]\’S1 ®NS2 = (TSI (S)'TS2 (S), ISI (S)+[S2 (S)—II(S)'ISZ (S), FSI (S)+FS2 (S)—
FS] (s)-FS2 (5))VseS (15)

Definition 8. Let N, = (T, I, F) be a “Single-valued neutrosophic number”, and ¢ € R is any arbitrary positive
S spdsp L's, g P y Iy p

real number then
Z]VS1 :1—(1—TS1t,1S1t,FSlt), f>0 (16)

Definition 9. Let U be the universe of elements. Let X = (X, X,, X;, ... X)) and Y = (¥}, ¥,, Y5, ... V) be two
“Single-valued neutrosophic sets”, then the separation measure between X and Y is defined as
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Dy(X.7)= \/52[(& ()= Ty @) + (L @) = Iy )+ (Fy ()= Fy ) | a7)

i=1

This separation measure is based upon the formula of normalized Euclidean distance.
Definition 10. Let Ny = (T, I, Fg) be a “Single-valued neutrosophic number”, then the score function 6(Ng) : Ny —
[0, 1] is defined as

(T =21 — F; +3)
4

S(Ng)= (18)

Definition 11. Correlation coefficient of two neutrosophic sets [44] Let N&/1 and NMM/2 be two neutrosophic sets

defined in a universe finite space X = {x,, x,, x5, ... x, } such that

Nog =40x, Ty (0, Iy (%), Fy () | x € X} (19)
and

Noog = (%, Tog (%), L5 (x), Flog (X)) | x € X} 20)

then Correlation coefficient of neutrosophic sets N»% and NM2 is written as

Cn(Nogs Nos)
PN Nos) = ——2 Q1)
b VW) V(N )
where
CN(NM’ N%) = E[TN%(XI)TN% (xl)+IN@T(xl)IN% (xl)+FNM(xl)FN% (Xl)j| (22)
o[ 2 2 2
V(N%>=§[TN LT G0 EY ()] 23)
and
[ 2 2 2
V(N%) :Z’[TN% (xi)+IN% (xl»)+FN% (xl»)} (24)
Some important results
1.If NM1 and N&/2 are two neutrosophic sets, then
CN(%,N%)=CN(N%,N%) (25)
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and so
PN Nos) = P(N o5 N o) (26)

2.If NM1 and N&/2 are two neutrosophic sets then

5. Methodology

The goal of this work is to build an efficient ”multi-criteria decision support system. Through the use of the
correlation coefficient, this system determines first the weights of criteria by using the CRITIC-TOPSIS approach, and
then it calculates the rank of the considered alternatives. The case study discussed here is using the data set of [2] in
which ranking of considered bizjets was done using CRITIC-TOPSIS method under crisp set data.

5.1 Neutrosophic Criteria Importance Through Inter Criteria Correlation (N-CRITIC) method

CRITIC METHOD

Determine the set of

Criteria

v

Determine the set of

alternatives

)

Create a normalized

decision table

)

Convert each criterion

value to neutrosophic set

v

Calculate the variance and

covariance of each pair of Criteria

v

Determine correlation

coefficient table

v

Determine Measure of

conflicts and weightage

Figure 1. Various steps involved in CRITIC method
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To determine inconsistency and indeterminacy, Smarandache [25] introduced the concept of a neutrosophic set. In
any MCDM problem, the ranking of alternatives is entirely depending upon the choice of some suitable criteria. Each
Criterion has its own importance. The Importance of Criteria can be determined by providing weights to them. One of
the weighing approaches for determining objective weights for criteria is the CRITIC (CRiteria Importance Through
Intercriteria Correlation) method. Diakoulaki et al. [45] proposed the CRITIC method in 1995. This method identifies
the contrast strength of each criterion using standard deviation. A criterion with a higher contrast strength or standard
deviation is allocated a higher weight. It employs correlation analysis to determine the variations between criteria. In
this method, the normalized decision matrix is determined and correlation coefficients of all possible pairs of columns
are used to calculate the criteria contrast [28, 46]. In this research, the CRITIC method is used under neutrosophic
environment. The various steps involved in this method are shown in Figure 1.

5.1.1 Step 1: Determine the table for selection Criteria

The Decision maker determines the set of selection criteria and set of alternatives for which ranking is to be done.
The table of selection criteria is demonstrated in Table 2.

Table 2. Table for Selection criteria in crisp values

Selection Criteria

Alternatives

¢ & G G
A IS I L Yim
A & I I e Lom
4 &3 5Y) 33 e L
‘Q/n ;)‘11 L2 Fn} e an

5.1.2 Step 2: Determine the normalized neutrosophic decision table

Table 3. Normalized decision table

Selection Criteria

Alteratives favorable favorable Non-favorable Non-favorable favorable

A ny Ny, N3 .. Ny
A ny oY) N3 e Wom
A "3 N3 N33 .. N3
‘% nnl n2 nn3 nm

Volume 4 Issue 4/2023| 1189 Contemporary Mathematics



The normalized decision value denoted as ﬁij can be determined by using the formula given by equation 28 and is
demonstrated in Table 3.

Hij — ( Fij _(Pij )worst

;1<i<m, 1< j<n (28)
xij )best _(xij )worst

Here the (;l.j)worst and (xij)bm values can be calculated after segregating selection criteria into favorable and non-

favorable criteria. For favorable criteria, a larger value is better and for non-favorable criteria, a smaller value is better.
Now each crisp value can be converted into Neutrosophic sets demonstrated in Table 4.

Table 4. Normalized neutrosophic decision table

Selection Criteria

Alternatives favorable favorable Non-favorable Non-favorable favorable
4 <, A . <,
4 <TE”>]EH7 F'711> <Tﬁ]2= I Fﬁlz> <Tﬁ|3= G FE”) <T51m’ I Fﬁ]m>
% T Ly Fry) Tap Iy B (T30 I s FR ) “e T, I, Fr,)
4 T b By T i B ) T Iy 5 F5) . TG, 15 Fa )
% <Tﬁnl’ 1’7»11’ FEm) <Tﬁn2’ 1’7"2’ F’7nz> <T;n3, I7'n3’ F7'n3> T <T?‘nm’ Mo anm>

5.1.3 Step 3: Determine the correlation formula and Variance of pairwise criteria

In the case of neutrosophic sets, the Correlation coefficient cannot be determined in a single step formula for all
criteria [47]. Pairwise analysis has to be done for calculating the overall correlation coefficient table.

5.1.4 Step 4: Determine the correlation coefficient table

The correlation coefficient table generated by taking values of all possible pairs of pre-defined criteria is
demonstrated in the Table 5.

5.1.5 Step 5: Determine the measure of conflicts and objective weights to criteria

This step determines the value of measure of conflicts (1 — C[,-) for each criterion and then determine the index
value (C)) given by

n
Ci=o)(1-Cj) j=1,2 ..on (29)
i=1

In this equation C;; represents the criterion value for i" alternative and jth criterion and o represents the standard
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deviation which is a measure of the amount of variation or dispersion of a set of values.
Objective weights of each criterion can be determined by formula written as

G
w;=— ;7=12,...n

.G

=

(30)

Table 5. Correlation coefficient table

Selection Criteria

Attributes favorable favorable Non-favorable Non-favorable favorable
Z 4 £, . Con
=4 “u ‘12 %13 - Cim
A 23 © 28 Com
=4 %3 3 T3 . T
2, ‘o ‘i Co3 Com

5.2 The Neutrosophic TOPSIS method

With Neutrosophic TOPSIS, several externally determined alternatives can be ranked and selected using distance
measurements. Using this approach, it is assumed that the specified alternatives are closest to the “positive ideal
solution” and farthest from the “negative ideal solution”. The “ideal solution” is one that maximizes the benefit criteria

and minimizes the cost criteria. Let &7 = {&F, .24, %4, ..., 27}, n > 1 be the set of alternatives and ¢'= {¢€), €,, €5, ...,
<, ), m > 2 be the set of criteria. A neutrosophic TOPSIS method involves the following steps:
5.2.1 Step 1: Construction of normalized neutrosophic decision table

The normalized decision table for various alternatives under pre-selected criteria is given in Table 4 as discussed in
the CRITIC method.

5.2.2 Step 2: Construction of weighted normalized neutrosophic decision table

The weighted normalized neutrosophic decision table is given by Table 6. where

—w; Wi w; wj . .
iy _(1—(1—%) yEN J,wj>0,1£l£n,1£1£m 31)

here the weights w; for each criterion are determined by the CRITIC method as given by relation 30.
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Table 6. Weighted normalized neutrosophic decision table

Selection Criteria

Alternatives
favorable favorable Non-favorable Non-favorable favorable
—w —wy —ws —Wp,
A ny ny; n3 M
—w —Wwy — W3 7”’771
A ) Ty, 3 .. Mm
Py ) 773 2 Wm
A 131 n3; 33 e M3
—wW —Wy —WwW3 Wy
"Q/n nnl nnZ nn3 e nnm

5.2.3 Step 3: Establish the neutrosophic relative positive ideal solution and negative ideal solution

The “positive ideal solution” and “negative ideal solution” are calculated after deciding which criterion will be
considered as a favorable criterion and which one will be considered as non-favorable criterion.

Let us assume

V,: set of benefit criteria

V,: set of non-benefit criteria

VAJ; : “neutrosophic relative positive ideal solution”
and

Vy: “neutrosophic relative negative ideal solution”

then
vi = m, L (32)
where
—wt wh o owt wt .
mY = I FY ) 1< j<m (33)
and
T - {(max{fz-}v Hje Vlj, (m_in{Ty-wf Hje Vz)} (34)
1 1
+ . Wj . W/ .
[j = m}n{]l]- Hie ), mgx{]l-j Hjevs (35
1 1
Py ={(m,in{F,§” g en ). (maxiry” }ljeVz)} (36)
1 1
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and ¥, can be written as

Vv {ﬁlw,ﬁgv, ﬁf} (37)
where
Y :<TJ.W T >,1£j£m (38)
and
woo_ . w; . wij .
T/ =y min{Z; /3 j eV |, | max{T; '}l jeV, (39)
1 1
wo Wiy s . Wiy s
[ =1l max{l;/}l jeW |, | min{Z;”}| j eV, (40)
1 1
FY ={max{F, "}l jeW |, | min{F, "}l jeV. (41)
i = : ij J 1) ; if J 2

5.2.4 Step 4: Establish the distance of each alternative from the neutrosophic relative positive ideal solution and the
neutrosophic relative negative ideal solution
. . . . Wi Wi W
The normalized Euclidean distance of each alternative (T;;/, ;7 , F;/
+ + +
ideal solution (Tjw ,I;“ , Fjw y for 1 <i<nand 1 <j<m can be described as

y from the neutrosophic relative positive

Dy (" 7)) = Jﬁz {(Ti}” T =T} @)+ )= 1Y ) +(Fy T —F) (u,-»z)} 42)
j=1

w

Similarly, the formula for normalized Euclidean distance of each alternative (Tl;vj v ;} J R F}j J ) from the neutro-

sophic relative negative ideal solution (T jwi , I;f ,F jwi) for 1 <i<mnand 1 <j<m can be described as

Dy (" 7} ) = Jﬁz[@;ﬁ W) =T} @) + (0 ) =1} ) + (57 = F} ))%} (43)
i=1

5.2.5 Step 5: Establish the relative coefficient of closeness to the neutrosophic ideal solution

The relative coefficient of closeness CC, of each alternative .o/ to the neutrosophic relative positive ideal solution
VJJ is given as:
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oWy

1

w + w - (44)
. W _ T
Dyy (g’ 0} )+ Dy (my” 1)

5.2.6 Step 6: Calculate the rank of each alternative

The ranking of each alternative is identified by using the value of the relative coefficient of closeness. The larger
the value of CC; more is the importance of alternative o7, i =1, 2, 3, ..., n.

6. Numerical analysis

The approach of neutrosophic CRITIC-TOPSIS can be analyzed by using the case study of [2] in which the five
alternatives are {24, 24, 4, <7, 24} = {“Honda Jet HA-420, Cessna Citation Jet M2, Embraer Phenom 100, Eclipse
550, Cessna Citation Mustang”} and the six criteria are {€), €5, €3, €4, €5 €55 = 15peed, Range, Gross weight, Cost,
Aesthetics, Comfort}. Out of these criteria, &), €,, ¢5 and &, are considered as favorable criteria whereas ¢ and <

are considered as non-favorable criteria. Based on the proposed neutrosophic CRITIC-TOPSIS approach discussed in
section 5.1, the various steps involved to solve the well-chosen problem are following:

6.1 Determination of Criterion’s weights and ranking of light Bizjets using neutrosophic CRITIC-
TOPSIS method

6.1.1 Step 1: Determination of selection criteria table

The selection criteria table based on the paper of is given by Table 7.
Single-valued neutrosophic numbers associated with Linguistic Variables are given by Table 8.

Table 7. Table for selection criteria

Attributes favorable  favorable Non-favorable Non-favorable favorable  favorable
Bigiet Notafi Speed Range Weight Cost Aesthetic ~ Comfort
izje otations g] <, 4 ‘, <, <,
Honda Jet
HA-420 oA 0.63 2,661 4,854 5.3 10 10
Cessna
Citation -4 0.61 2,871 4,853 4.7 5 5
Jet M2
Embraer
Phenom 574 0.7 2,183 4,800 4.25 8 8
100 i
Eclipse o 0.59 2,084 2,737 27 5 3
550 4 : ’ > :
Cessna
Citation K4 0.63 2,161 3,930 3.2 7 5
Mustang
Best 0.7 2,871 2,737 2.7 10 10
Worst 0.59 2,084 4,854 53 5 3
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Table 8. Single-valued neutrosophic numbers associated with Linguistic Variables

Single-valued Single-valued

Linguistic Variables Points neutrosophic numbers Linguistic Variables Points neutrosophic numbers
Extremely high (EH) 10 (1.00, 0.00, 0.00) Very Medium (VM) 4 (0.40, 0.60, 0.65)
Very very High (VVH) 9 (0.90, 0.10, 0.10) Low (L) 3 (0.30, 0.70, 0.75)
Very good (VG) 8 (0.80, 0.20, 0.15) Very low (VL) 2 (0.20, 0.80, 0.85)
Good (G) 7 (0.70, 0.30, 0.25) Very very low (VL) 1 (0.10, 0.90, 0.90)
Fair (F) 6 (0.60, 0.40, 0.35) Extremely Low (EL) 0 (0.00, 1.00, 1.00)
Medium (M) 5 (0.50, 0.50, 0.50)

6.1.2 Step 2: Determination of neutrosophic normalized Decision table

The neutrosophic normalized decision table for alternatives in terms of crisp values is given by Table 9. This table
is generated by using equation 28.

Table 9. Neutrosophic normalized decision table for alternatives

Attributes favorable favorable Non-favorable Non-favorable favorable favorable
Bigiet Notati Speed Range Weight Cost Aesthetic Comfort
izje otations {1 P P Z, <, <,
H}(I)X(_iizjgt oA (0.36,0.11,0.75)  (0.73,0.35,0.19)  (0.50,0.37,0.82) (0.67,1.00,0.78)  (1.00, 0.00, 0.00) (1.00, 0.00, 0.00)
Cessna
Citation -4 (0.18,0.83,0.45) (1.00,0.78,0.35)  (0.99, 0.01,0.10) (0.89, 0.05,0.20)  (0.50, 0.50, 0.50)  (0.50, 0.50, 0.50)
Jet M2
Embraer
Phenom -4 (1.00, 0.82, 0.53)  (0.13,0.25,0.35) (0.03,0.97,0.30) (0.40,0.10,0.10) (0.80, 0.20,0.15)  (0.80, 0.20, 0.15)
100
ECS';%S"* o (0.00,0.98,0.32)  (0.00,0.27,0.40)  (0.10,0.25,0.50) (0.51,0.10,0.25)  (0.50, 0.50,0.50)  (0.30, 0.70, 0.75)
Cessna
Citation -4 (0.36,0.43,0.87)  (0.10,0.38,0.40) (0.44,0.89,0.45) (0.81,0.15,0.20) (0.70, 0.30,0.25)  (0.50, 0.50, 0.50)
Mustang
Best (1,00, 0.98,0.87) (1.00,0.78,0.40) (1.00,0.97,0.82) (1.00,1.00,0.78) (1.00, 0.00,0.00) (1.00, 0.00, 0.00)
Worst (0.00,0.11, 0.32)  (0.00,0.25,0.19) (0.03,0.37,0.10) (0.23,0.10,0.10)  (0.50, 0.50, 0.50)  (0.30, 0.70, 0.75)

6.1.3 Step 3: Determination of pairwise correlation coefficient tables

There are six pre-defined criteria as Speed, Range, Gross weight, Cost, Aesthetics, and Comfort. The pairwise
correlation coefficient determines how any two criteria are related to each other. The pairwise correlation coefficient
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between speed and range for all alternatives is given by Table 10.
The correlation coefficient of two neutrosophic sets is calculated using the formula in equation 21.

Table 10. The Correlation coefficient table between Speed and Range

Altenatives  T,.-T,, 11, F, 1, T’ I F; T; 1; F,
oA 0.2628 0.0385 0.1425 0.1296 0.0121 0.5625 0.5329 0.1225 0.0361
£ 0.18 0.6474 0.1575 0.0324 0.6889 0.2025 1 0.6084 0.1225
o 0.13 0.205 0.1855 1 0.6724 0.2809 0.0169 0.0625 0.1225
o, 0 0.2646 0.128 0 0.9604 0.1024 0 0.0729 0.16
§-7A 0.036 0.1634 0.348 0.1296 0.1849 0.7569 0.01 0.1444 0.16
SUM 0.6088 1.3189 0.9615 1.2916 2.5187 1.9052 1.5598 1.0107 0.6011

Here the value of correlation coefficient for speed (#) and range (<) is calculated as

Therefore

2.8892

C , (4, 5)=0.6088+1.3189+0.9615 = 2.8892

V (4 4)=12916+2.5187+1.9052 =5.7155

V (4, ) =1.5598+1.0107+0.6011=3.1716

Py (& 5)= J5.7155%3.1716

=0.6786

(45)

(46)

47

(4%)

Similarly, all other values of neutrosophic correlation coefficients for each possible pair of criteria are calculated.

6.1.4 Step 4: Determination of correlation coefficient table

Combining all values of pairwise correlation coefficients of different criteria with respect to all alternatives are

given in Table 11.
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Table 11. Pairwise Correlation coefficient table

Attributes Speed (£)) Range (¢)) Weight () Cost (¢7) Aesthetic (¢5)  Comfort (£5)

Speed (£)) 1 0.6786 0.7330 0.5149 0.7214 0.8296
Range (&) 0.6786 1 0.7660 0.5323 0.7504 0.7894
Weight (£5) 0.7330 0.7660 1 0.7134 0.6871 0.6941
Cost (¢3) 0.5150 0.5324 0.7135 1 0.6737 0.5869
Aesthetic (&%) 0.7214 0.7504 0.6871 0.6737 1 0.9670
Comfort (£5) 0.8296 0.7894 0.6941 0.5869 0.9670 1

6.1.5 Step 5: Determination of measures of conflicts and weights of criteria

The measure of conflicts and index values are calculated by using the equation 29 and weights of criteria are
calculated by using the equation 30. Measures of conflicts and weights of criteria are summarized by Table 12.

Table 12. Measures of conflicts and weights of criteria

Speed ({1) 0 0.3215 0.267 0.4851 0.2786 0.1704 1.5226 3.6401 0.1954

Range (45) 0.3215 0 0.234 0.4677 0.2496 0.2106 1.4834 3.7109 0.1992

Weight (£7) 0.267 0.234 0 0.2866 0.3129 0.3059 1.4064 2.5047 0.1345

Cost (£}) 0.4851 0.4677 0.2866 0 0.3264 0.4131 1.9789 4.0478 0.2173

Aesthetic (&%) 0.2786 0.2496 0.3129 0.3264 0 0.033 1.2005 2.5025 0.1343

Comfort (&) 0.1704 0.2106 0.3059 0.4131 0.033 0 1.133 2.221662 0.1193
Z;;C,- =18.62766 1

6.1.6 Step 6: Determination of neutrosophic normalized weighted decision table

To determine the weighted decision table , the weights of each criterion get multiplied with corresponding
neutrosophic set of Table 9. The weighted decision table is given by Table 13.
The first neutrosophic weighted normalized value of the decision table for speed (£))
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Table 13. The Neutrosophic normalized weighted decision table

favorable favorable Non-favorable Non-favorable favorable favorable
Alternatives - -
Speed Range Weight Cost Aesthetic Comfort
o (0.0836, 0.6497, (0.2296, 0.8113, (0.0891, 0.8749, (0.2141, 1, (1.0000, 0.0000, (1.0000, 0.0000,
1 0.9454) 0.7184) 0.9737) 0.9475) 0.0000) 0.0000)
4 (0.0381, 0.9642, (1.000, 0.9518, (0.2324, 0.9638, (0.0553, 0.7399, (0.0889,0.9112, (0.0794, 0.9207,
0.8556) 0.8113) 0.7337) 0.7049) 0.9112) 0.9207)
o (1.000, 0.9620, (0.0274, 0.7587, (0.0041, 0.996, (0.1051, 0.6064, (0.1944, 0.8057, (0.1747, 0.8254,
3 0.8834) 0.8113) 0.8505) 0.6064) 0.7751) 0.7975)
o (0.000, 0.9960, (0.000, 0.7705, (1.000, 0.9476, (1.000, 0.6064, (0.0889,0.9112, (0.0417, 0.9584,
4 0.8004) 0.8332) 0.8982) 0.7399) 0.9112) 0.9663)
oA (0.0836, 0.8480, (0.0208, 0.8247, (0.0751, 0.9845, (0.303, 0.6622, (0.1493, 0.8508, (0.0794, 0.9207,
S 0.9732) 0.8332, 1) 0.8982) 0.7049) 0.8302) 0.9207)
w.r.t alternative .o/ is calculated by using equation 31 and is given as
= (" M M
11 mp Ay
_ Mow ow
_(1 (1 Tﬁ“) ,In“,Fn“)
=(1-(1- 0.36)0'1954 , (0.1 1)0.1954’ (0'75)0.1954)
=(0.0836, 0.6497, 0.9454) (49)

Similarly, all other values are calculated.

6.1.7 Step 7: Determination of neutrosophic relative positive ideal solution and neutrosophic negative ideal solution

The neutrosophic relative positive ideal solution and neutrosophic negative ideal solution are calculated on the
basis of type of criteria i.e., benefit type or non-benefit type by using equations 32 to 41 and given by Table 14 where

' =<le+,1f”+,ﬂw+>,1sJ'Sm (50)
and

7" = max{0.0835, 0.0380, 1, 0, 0.0835} = 1

Contemporary Mathematics 1198 | Arunava Majumder, et al.



Ilw+ =min{0.6497, 0.9642, 0.9620, 0.9961, 0.8480} = 0.6497

R

=min{0.9453, 0.8555, 0.8833, 0.8004, 0.9732} = 0.8004

Table 14. Neutrosophic relative positive ideal solution

Criteria

Type of criteria set

V. (NRPIS)

%

2

A

A

&z

“

favorable

favorable

Non-favorable

Non-favorable

favorable

favorable

(1.0000, 0.6497, 0.8004)

(1.0000, 0.7587, 0.7183)

(0.0041, 0.9960, 0.9737)

(0.0552, 1.0000, 0.9474)

(1.0000, 0.0000, 0.0000)

(1.0000, 0.0000, 0.0000)

and other values can be calculated on the same way. Similarly, values of ¥, can be calculated and the table representing

values of neutrosophic negative ideal solution for each criterion is given by Table 15.
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Table 15. Neutrosophic relative negative ideal solution

Criteria

Type of criteria set

¥, (NRPIS)

4

©

A

s

favorable

favorable

Non-favorable

Non-favorable

favorable

favorable

(0.0000, 0.9960, 0.9732)

(0.0000, 0.9518, 0.8331)

(1.0000, 0.8749, 0.7337)

(1.0000, 0.6063, 0.6063)

(0.0889, 0.9111, 0.9111)

(0.0416, 0.9583, 0.9663)

(51

Contemporary Mathematics



where
" :<T1W_,I;"_,Flw_>,1£j£m (52)

and

7Y =min{0, 0, 1, 1, 0.08889, 0.04166} = 0.0000

Ilw_ =max{0.9960, 0.9517, 0.8748, 0.6063, 0.9111, 0.9583} =0.9960

A" =max{0.9732, 0.8332, 0.7336, 0.6063, 0.9111, 0.9663} = 0.9732

6.1.8 Step 8: Determination of neutrosophic normalized Euclidean distance and relative closeness coefficient

Measures of neutrosophic normalized euclidean distance as described in equation 42 and equation 43 are used
to determine the euclidean distance of each alternative form the neutrosophic relative positive ideal solution and the
neutrosophic relative negative ideal solution and finally relative closeness coefficient is calculated by using Equation 44
and shown in Table 16. The maximum value of the relative closeness coefficient

Table 16. Relative Euclidean distance and relative coefficient closeness

Alternatives DEU Dy, CcC, Ranking
o 0.6151 0.5891 0.4892 4
574 0.2892 0.5455 0.6536 1
K- 0.5937 0.5805 0.4944 3
o, 0.5398 0.5553 0.5071 2
o 0.726 0.5931 0.4497 5

indicates that .24 is the most efficient and desirable alternative.

7. Conclusions

The present study of this paper described a novel CRITIC-TOPSIS method under a neutrosophic environment.
The neutrosophic set extends the general intuitionistic fuzzy set where membership, non-membership, and hesitation
simultaneously can vary between 0 and 1. This generalization makes the intuitionistic fuzzy set more flexible. The
CRITIC-TOPSIS method is analyzed with a neutrosophic environment and a numerical analysis was performed. The
same data from several aircraft from the previous studies were used in this paper. The results show that Cessna Citation
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Jet M2 was chosen as the most preferable aircraft based on the criteria considered in this study. Meanwhile, Cessna
Citation Mustang was selected as the least preferable aircraft. Rank-wise arranged aircraft are summarized as Cessna
Citation Jet M2, Eclipse 550, Embraer Phenom 100, Honda Jet HA-420, and Cessna Citation Mustang. The CRITIC-
TOPSIS (Criteria Importance Through Intercriteria Correlation and Technique for Order of Preference by Similarity to
Ideal Solution) method is a multi-criteria decision-making (MCDM) technique used to evaluate alternatives based on
multiple criteria. In addition to its merits, it has some limitations worth considering. Here are a few key limitations of
this study.

* The CRITIC-TOPSIS method assigns weights to criteria based on their relative importance. In reality, the
decision-maker’s preferences and biases often affect the determination of these weights.

* In order to properly analyze the CRITIC-TOPSIS data, it must be normalized first to a common scale. There can
be a significant impact on the final ranking and outcome based on the choice of normalization technique. There is no
universally accepted approach to normalization, so different methods may produce different results.

* No comprehensive sensitivity analysis is provided for CRITIC-TOPSIS to assess the robustness of its results. It
fails to assess how alternate rankings or changing the weights of the criteria would affect the outcome. This limitation
makes it challenging to understand the stability and reliability of the decision-making process.

* For large-scale decision problems with lots of criteria and alternatives, the CRITIC-TOPSIS method can become
time-consuming and computationally intensive. As the number of criteria and alternatives increases, the analysis
becomes more complex, which could render it challenging to use in such situations.

7.1 Future scope

While neutrosophic fuzzy sets are helpful in handling complex decision-making problems, challenges exist in
terms of computational complexity and the interpretation of the indeterminacy function. Further research is needed to
develop efficient methods and algorithms for effectively applying neutrosophic fuzzy sets in various domains such as
healthcare and medical diagnosis system, data analysis and data mining, Internet of Things (IoT), and control systems.
The current study can also be extended by using spherical fuzzy information [48-50].
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