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Abstract. A complex single-valued neutrosophic (CSVN) set is a very useful tool to handle the uncertainty,
inconsistency, and ambiguity of knowledge in a periodic framework. The Schweizer-Sklar (SS) t-norm (TN) and
t-conorm (TCN) enhance the flexibility of a procedure for aggregation depending on its parameters, whereas
the power aggregation(PA) operator prevents insufficient impact of excessively high or low arguments on the
results. Based on the idea of Schweizer-Sklar power aggregation operators, this paper aims to propose a number
of aggregation operators such as complex single-valued neutrosophic Schweizer-Sklar power weighted averag-
ing (CSVNSSPWA), complex single-valued neutrosophic Schweizer-Sklar power ordered weighted averaging
(CSVNSSPOWA). Weights determination to solve green supply chain management problems in the single val-
ued neutrosophic context is accomplished through the Simple Multi-Attribute Rating Technique (SMART).
Furthermore, an example is given to show the uniqueness of the proposed operator and the difference between

the proposed work and previous research.

Keywords: Complex single valued neutrosophic set; Power aggregation operator; Schweizer- Sklar operator;

SMART; Green supply chain management.

1. Introduction

Uncertainty is one of the conditions where certainty of knowledge is low or unclear, or when
results and patterns are less identifiable or precise. It is an inherent feature of different areas
of expertise such as sciences, mathematics, economy, and decision-making. In general, the
multi attribute group decision making (MAGDM) helps to handle decision-making problems

as it considers the expert’s opinion and available choices. MAGDM problems deal with the
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identification of the most appropriate choice or set of alternatives regarding some criteria that
reflect the views of the decision maker, which are expressed by certain attribute values. To
address the uncertainty information, Zadeh [1] introduced the extension of the classical set
theory in the form of fuzzy set (FS) theory with the aid of membership degree u, which lies
between 0 and 1.

Atanassov [2] introduced the concept of intuitionistic fuzzy sets (IFS), which defines mem-
bership and non- membership functions with the restriction that the total of membership and
non-membership grades must be < 1. However, it is not able to solve all kinds of uncertain
problems or issues and other real life problems especially when dealing with indeterminate
data, Smarandache [3] defined neutrosophic set (NS) to deal with the information that is in-
determinate or inconsistent in a real environment independently. Mariming Wang et al. [4]
proposed the concept of single valued neutrosophic(SVN) based on the real standard interval
[0,1] for solving the decision-making problems. This set is a generalization of the following
sets; crisp set, fuzzy set(FS), interval-valued fuzzy set(IVFS), intuitionistic fuzzy set(IFS),
interval-valued intuitionistic fuzzy set(IVIFS), etc. Table[l] consists of the comparison of CNS

with existing methods.

TABLE 1. Analysis of CNS against existing sets

Models Truth Indeterminacy Falsity Periodicity

FS v X X X
IFS v X v X
NS v v v X
CFS v X X v
CIFS v X v v
CNS v v v v

Recently, an emerging trend is the use of big data which is often associated with uncertainty
and periodicity. However, F'S, IFS, IVIFS, and SVN sets are applied to handle uncertain data
but cannot address periodical data. To handle this problem, Ramot et al. [5] put forward a
groundbreaking idea and named it complex fuzzy set (CFS) as a synthesis of the other two
concepts: fuzzy set and complex number. The complex fuzzy set still retains the representation
of the uncertainty of information by the amplitude term having a value belonging to the set [0,1]
with addition of phase term. The developed complex fuzzy set is a fundamentally different
from the concept of fuzzy complex number developed by Buckley [6], Nguyen et al [7] and
Zhang et al [8]. Membership functions of complex fuzzy sets have amplitude and phase terms
which exhibit wave characteristics such as interference and periodicity. The interference can be

constructive or destructive based on the phase term. The concept of the complex intuitionistic
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fuzzy set (CIFS) was introduced by Alkouri and Saleh [9]. In order to confer even more
flexibility to decision-makers, it is recommended that the experts provide their preferences in
intervals. In this context, Garg and Rani [10] have presented the concept of complex interval-
valued intuitionistic fuzzy set (CIVIFS), its algebraic operators and aggregation, along with the
development of a model for handling MAGDM. Ali and Smarandache [11] further put forward
the complex neutrosophic set (CNS) improving the prior CFS, CIFS as well as CIVIFS, and
used CNS for signal processing. The CNS is defined from the concepts of complex-valued

truth, indeterminate and falsehood membership functions.

1.1. Literature study

MAGDM is mainly utilized for selecting problems and corresponds to decision space with
limited choice and preference order. A aggregation operator(AQO) is one of the most used
operators in solving multi- attribute decision making problems where its main purpose to
combine multiple values into a single numeric value. Grabisch et al. [12] in the ”Encyclopedia
of Mathematics and its Applications” and Beliakov et at. [13], who has taken work related to
aggregation functions who defined averaging operators for Atanassov’s IFS. A few years ago,
several geometric aggregation operators have been considered by Xu and Yager [14], Wang and
Liu [15], and Xu with Da |16]. Aggregation operators have been studied by various authors; in
particular, Garg and Arora [17] as well as Xia et al. |[18] have focused on Archimedean t-norm
and t-conorm. The single-valued neutrosophic set was later widely used in operational research
to develop multi- attribute decision-making techniques such as TOPSIS [19], COPRAS [20],
VIKOR [21] , WASPAS [22] , EDAS [23] , TODIM [24] and others.

Finally, after some attempts, Ramot et al. [5] discover the new theory called CFS by incor-
porating the phase term into the supporting grade. Rani and Garg |10]established a MADM
method by describing the basic algorithm of CIFS with different power operators. Moreover,
Mahmood and Ali [42] derived the complex single valued neutrosophic set. Deschrijver et
al. [25] and Klement et al. [26] have explored various types of t-norms and t-conorms. In 2010,
Xu and Yager [27] first proposed and defined the abstraction idea of power aggregation. Since
the range of the power aggregation operators has been successfully derived, many people has
applied it in many fields. The Schweizer-Sklar (SS) t-norm and t-conorm theory was developed
by Schweizer and Sklar [28]. This was achieved by adding a parameter p, which is more flexible
and helpful in handling complex situations. The Hamacher and Lukasiewicz t-norm informa-
tion can be obtained easily by using the parameter p = —1. Hence, the theory of TODIM and
Schweizer-Sklar power aggregation operators can be derived respectively by Zindani et al |29].
T-norms, also known as triangular norms, along with their dual counterparts, t-conorms, play
a crucial role in fuzzy systems, particularly in fuzzy sets and its derivatives. Notably, some of

the most well-known t-norms and t-conorms, such as Frank’s, Archimedean, Einstein, Dombi,
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and Algebraic t-norms and t-conorms, as well as the Aczel-Alsina (AA) t-norm, Schweizer-
Sklar, Yager, and others, have been thoroughly investigated by Klir [30]. In addition, given
the interdependency of criteria, it is appropriate to aggregate with a mean function that is
either power, Bonferroni or Heronian. The weights of the attribute have also been another
concern particularly in cases where they are completely unknown. In these instances, the
SMART method can be applied to derive the attribute weights based on the subjective in-
sights of decision experts. Keshavarz-Ghorabaee et al. [44] employed the SMART method for
the computation of the weights of criteria.

The main motive of Green supply chain management(GSCM) is to improve the supply
chain’s environmental capacity sustainability, which has been substantiated in empirical re-
search by a recent review on operations management [33]. GSCM has been widely used as
a preventive technique in enhancing the environmental quality of products and policies that
meet set environmental standards. The choices on both supply management and environ-
mental issues are shifting towards increasing systematic processes globally. This indicates the
need to come up with ways of integrating environmental aspects of supply chain management
analyses. Analyzing the literature where the topic of GSCM was discussed, the author stated
that the amount of research in this area remains rather limited.

The need to adopt the complex neutrosophic model in the area is to accurately solve and
handle uncertainty and ambiguity information within the decision-making of GSCM. The more
inclusive classification also helps to explain to investigators, interpreters and educationalists
the relevance of stating that a more useful methodology is connected to GSCM. Table [2] reveals

a gap in the existing literature on Schweizer-Sklar power aggregation operators.

1.2. Motivation of the paper

Here are the motivations behind the research presented in the Schweizer- Sklar power op-

erators under CSVN information:

(1) Enhancing the accuracy of decision-making processes by introducing Schweizer- Sklar
power operators for handling complex information.

(2) Contributing to the advancement of decision analytics theory by developing and ana-
lyzing new operators within the CSVN framework.

(3) Comparing newly proposed operators with existing ones to validate their effectiveness
and demonstrate their superiority.

(4) Providing practical tools and insights for decision-makers in various domains by show-

casing the utility of Schweizer- Sklar power operators under CSVN sets.

Priyadharshini. S, Mohanaselvi. S, Schweizer-Sklar power aggregation operators based on complex single
-valued neutrosophic information using SMART and their application in green supply chain management.



Neutrosophic Sets and Systems, Vol. 73, 2024 457
TABLE 2. Comparison with the existing Schweizer-Sklar power aggregation
operator with different sets

Author Set Averaging DM Solution Application Weighting | Periodicity
Operators Method Vector Involved
H. Zhang et al Neutrosophic SVNSSMM Ranking Application in Known No
(2019) |36] Set WSVNSSMM Company Investment
D. Zindawi et al | Interval-valued IVIFSSPWA TODIM Material, Personnel, Known No
(2020) |37 Intuitionistic IVIFSSPWG Supplier Selection
Fuzzy Set
A. Biwas, N. Deb | Pythagorean PFSSPA Ranking Selection of Known No
(2021) (38 Fuzzy Set PFSSPWA Best Emerging
PFSSPG Technology Enterprise
PEFSSPWG
Q. Khan et al T-Spherical T-SPHFSSPHEM Ranking Water Reuse Known No
(2021) |39] Fuzzy Set T-SPHFSSGHEM Application
T-SPHFSSPWHEM
T-SPHFSSPWGHEM
U. Khalid Interval-valued IVPFSSPG Ranking Rice Quality Known No
(2023) |40 Pythagorean IVPFSSPA Management
Fuzzy Set IVPFSSPWA
U. Kalsoom et al Complex CIVIFSSPA Ranking Selection of Unknown Yes
(2023) |41] Interval-valued CIVIFSSPOA Green Suppliers
Intuitionistic CIVIFSSPG
Fuzzy Set CIVIFSSPOG
P. Liu et al Complex CA-IFSSPA Ranking Application of an Unknown Yes
(2024) |42 Intuitionistic CA-IFSSPOA Electronic Commerce
Fuzzy Set CA-IFSSPG Distributor
CA-IFSSPOG
Bai Chungsong Cubic CIFSSPWA Ranking Diabetes Care Known Yes
(2024) |43] Intuitionistic CIFSSPWG
Fuzzy Set
Proposed Complex CSVNSSPWA Ranking Green Supply Unknown Yes
Neutrosophic CSVNSSOWA Chain Management
Set (SMART)

1.3. Contribution of the paper

(1) To develop a complex single-valued neutrosophic set model utilizing an application of
the Schweizer-Sklar t-norm and t-conorm.

(2) To derive complex single-valued neutrosophic Schweizer-Sklar power weighted aver-
age (CSVNSSPWA) and complex single-valued neutrosophic Schweizer-Sklar power
ordered weighted average (CSVNSSPOWA) operators.

(3) To examine the key properties of these newly proposed operators.

(4) To formulate a multi attribute group decision making (MADM) method for evaluating
green supply chain management problem using proposed operators complex neutro-

sophic information.
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(5) To illustrate the effectiveness of the proposed methodology by comparing the newly

developed operators with known operators through application example.

1.4. Layout of the paper

This paper is organized as follows: some important definitions are recalled in Section
namely CSVNs, PA operators and several of Schweizer-Sklar operational laws. Section [3] also
presents and discusses the CSVNSSPWA, CSVNSSPOWA operators. In Section[4, a decision-
making approach based on CSVNs is suggested and the procedure to evaluate MADM problems
is described. Section [5| gives a numerical example to illustrate the decision-making process
using the obtained operators and makes a comparison with other operators in order to reveal
the advantages and efficiency of the developed methods. Finally, the concluding summary is

provided in Section [6]

2. Preliminary

This section introduces fundamental concepts of CSVN set within the universal set u.

Definition 2.1. [11] A complex single valued neutrosophic (CSVN) I, on the universal set
U is of the form :
T = {(&, Tr(), Iz (), Fz(e)|ck € U)}

where, complex valued truth membership function expressed by Tz (&) = Pz.eizmpz(éﬂ), complex
valued indeterminacy membership function expressed by Iz(&) = Sz.ei%“SI(aé), complex valued
falsity membership function expressed by Fz(s) = Rr.e?™rz(®)  Here Pr, Sz, Ry € [0,1]
and wp,, Ws;, wr, € [0,1] and i = /=1 such that 0 < Pr+ 87+ Rz < 3. Ifl/:{ contain single
element then, for CSVN set T on U, we write X = ((Pr,wp,), (S1,ws,), (R1,wr,)) and is

termed as complex single value neutrosophic number.

Definition 2.2.  Let X = ((Pz,wp, ), (Sz,ws, )s (Raywr,)) and
Y = (Py,wp,), (Sy,ws,), (Ry,wr,)) be the two complex single valued neutrosophic number
(CSVNN) and A > 0 be a real number. Then we have,

= Py7 Sy > Sy: Ry > Ry and wp, < wp,, Ws, > WSy

=
ol
N
e =~
q
' e
3
S8
Q
3
<
=
-
VAN

((Rx’ wR:L‘)’ (Sxﬁ wsz)’ Pﬂ?? CL)PZ))
Uy = (max(Py, Py) ei2m(maz(wp, "’”’y)), min(Sy, Sy).ei%(mi"(“’sf WSy )),

min(Ryz, Ry) 2 min(wr, wr, ))> )

)
> Nﬁu >
Il
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(5) X ny = (min(Pw,Py).ei%(mm(“’m’w%)), max(Sm,Sy).ei%(m”(“sw’wsy)),

mam(Rz , ’Ry) ‘eiQW(max(sz WRy ) > '

Definition 2.3. The basic operational laws on these numbers are given by,

(1) ‘)? ©® }:/ = <(Px + Py - ’px'py)_ei%r(wpz Twpy _wPwa?y)v
Sx'SyeiQﬂ-(wa '“-’Sy)’ Rm-Ry€i2ﬂ(wa ""Ry)>’

(2) )? ® }:/ = <(P$'Pyei2ﬂ(wpmlwpy)a5x + Sy - SxSy-eiQW(wSx—i_wSy_wstSy),R:p + Ry _
Rny 'eiQW(WRI FWRY —WRLWR, ) > )

(3) AX =((1—(1— px)/\)emr(lf(lf%)k)’ (Sx)’\ei%(wsz)ﬁ (Rx))‘ei%(“’my%

(4) X = ((Pp)Yei2rra)® (1 — (1 = Sp))e2r1=1=50 (1 — (1 = R, A)ei2r(1=(1-Ra))),

Definition 2.4. [34] For any CSVN I = ((Pz,wp;),(S1,ws;), (Rz,wr,)) , its score and

accuracy functions can be explained as follows,

_ ’PI_SI_RI—I_WPI_WSZ_WRI

67 3

(1)

o PI-I—SI-FRz-i-wpI-i-wSI-i—wRI

Az 3

(2)

Definition 2.5. Let Z; = ((Pr,,wpy, ), (S1,,wsz, ): (R1y, wr4, ) and
Iy = (P, wpy, ), (813, ws1, ), (R1y, WR4,)) be any two CSVNs and &z; and Az, for j=1,2,

representing their respective score and accuracy values, we obtain the following results:

(1) If 61, > S1,, then I; > Is.

(2) If 67, < &1, then I) < Is.

(3) If 61, > S1,, then
a. If Uz, > AUz, then I; > 1Is.
b. If Az, < Az,, then I; < Iy.

Definition 2.6. [32] Let I; = ((PIl,wpzl), (SII,WSZI), (RIl7wR11)) and
Iy = ((Pr,,wpy,), (812, wsz, ): (R1y,wry, ) be any two CSVN numbers, then the Euclidean

distance between them is determined by:

1
6 (‘PII - PI2‘2 + ‘811 - SI2|2 + |R11 - R12|2

(T, Tp) = ) ) , (3)
"HwPIl - WPIQ‘ + ‘wszl - wSIQ‘ + ‘WRII - WRIQ‘ )
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Definition 2.7. [31] For any set of positive numbers Z;, where i=1,2,..n, the final forms of

the power average(PA) operator is given by:

. Y P+ T
PAGY I, .., By) = 2zl E UO)
> i L+ U)
The value of U(JV?Z) = Z?:Ljik sup ()V)Z,Jv)]) the support of the V; & ;)v)j under the consider-
ation of some variable properties:
(1) sup (33, ;) € [0,1];
(2) sup (35, ¥5) = sup (I, V,);
(3) sup (.)\;7/737]) Z sup (3\}573\}15) /I’f|j>’b7j>]| < |j78>j>t|'
Inspired by Yager (2001), Xu and Yager (2010) developed the power geometric (PG) oper-

(4)

ator, which is based on the PA operator and the geometric mean.

Definition 2.8. 2§/ Let Ty = ((Pz,,wpy, ), (S1ys wsz, )» (Rz, s wr4, ) and

Iy = (Pr,,wpy, ), (813, wsz, ) (R1y, wr, ) be any two CSVN numbers. The generalized union
and intersection are specified as follows:

Ty Us e T = {{d, {T*{Ta, (), T, () }}, {41z, (&), I, ()}, {T{Fz, (), Fr, Hae) b € X) 5
T Nee T = {{& {S{Ts, (), Tr, (2)}}, {5*{Iz, (&), Iy () 1}, {5 {Fr, (), Fr, () e €
X1} where T and T denote the t-norm and t-conorm respectively. However, Schwweizer-

Sklar t-norm and t-conorm are defined as follows:

T(r,y) = (" +y7 — 1)
Ty =1-(1-0)"+1 =97 1)
where T < 0 and (r,n) € [0,1]. Furthermore, when T = 0, then T(r,n) = ry and T*(r,y) =

3=

r+ 9 —1ry. These are algebraic t-norm and t-conorm respectively.

3. Formulation of CSVN Schweizer-Sklar Power Aggregation Operators

This section focuses on determining the Schweizer-Sklar operating rules for CSVN data. We
propose a theory for power aggregation operators, including CSVNSSPWA, CSVNSSPOWA
operators based on Schweizer-Sklar operational law. Additionally, properties and results for

the derived work are outlined.

3.1. CSVN Schweizer-Sklar power averaging operators

Definition 3.1. Let Z; = ((Pz,,wpy,), (Sz;5wsz,), (Rz,,wry, ), where @ = 1,2 be a collection
of CSVNs. Then the CSVNSSPA operator of dimension n is a mapping CSVNSSPAI" — T
such that
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CSVNSSPA(T,,Io,...,I,) = iz (( 5
R D 5 (R Ic) ©)
where T is the set of all CSVN numbers and W(Z;) = > ¢, 1o, Sup(Zi, Ii.).

Theorem 3.1. For a group of CSVNs I; = (Pzieigmpzi,szieﬂmsfi ,RzieﬂwRIi),where 7=

1,2,...,n, the value aggregated by the developed CSVNSSPA operator is still a CSVNN and
specified by:

CSVNSSPA(L,,Ts, ..., T,)

1
2mi | 1— 27: Ei(l—w )a oz:|
1 (T, =0 - Py e (EmE )

)

Q=

(> EiSt ] I [Z?ZI Eiwglz}
1=1"*""1;

Q=

[Z?—l EzR%] c e%i {Z?ZI EM%L‘]
- T

where (i =1,2,...,n) is a set of integrated weights, Z;

— —

1+4(Z;)
> (HU(T))

Proof. Equation [0 will be proven through the method of mathematical induction

CSVNSSPA(T, Ty, .., T,) = ?2—31«1( Lﬂé@)ﬁ»
i=1 7
= ar [ ((1 + U(Z:))Z:) }
=T U@)
= @iy [EiZd]

= — ((HUET)T)
where, Z; = L (HU(T)

Then, based on the operational rules of CSVN numbers using Schweizer- Skalr operations, we
have

- (Eimumg o z40)*
271 | 1—(Z;(1—wp, )¥—F;+1)
[1—(3(1—7311,)@—5#1)%} e "

)

1]

1

[e%
—ir —

1 211 [Ezwg *Ei+1:|
[:is%i — = + 1] a-e Li

Q= o

1 271 [Eiwa _Ez+1:|
[ERg —Ei+1]~ e T
= 1
When n = 2, we rave N omi {1—(51(1—(«:7;11 )a_51+1) a
[1 —(E21(1—-Pg)* — =1 + 1)a] e

)
1

— [e3
=17 = _ — 1 2m [Elwg 751+1]
[:18_%1 — =1+ 1] >-e =

Rl= o

1 27e |:E1w% —El+1:|
[:172%1 — =1+ 1] a.e 2!
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1
o

2w | 1— (2 (l—wp, )*—E2+1
[1_(52(1—7312)0‘—524—1)&] e { (Bs1mim,)7-2001)

1

a

)

1

:2_2'2 = _ _ 1 271 |:ng§ —EQ+1]
[:28%2 — o+ 1] a.e Iz

Q= .

1 2m {ngo‘ —Eg—i—l}
[E2RG, — o+ 1]~ - e e

then,

CSVNSSPA(Il,IQ) =211 B =915

1
R
= - 1 _— . 7

1

a

L 2mi|Eiwd —Ei+l
[E18% —E1+1]a'em{ e 1+}
1

271 |:51w%1_1 —=1 +].:|

g

2 =

2mi [1 (Zi:l Hi(lf"-’PIi )Q*Z?:1 Eitl
e

i

1 . 2 = 2 =
= 27| > i Biwd =y Ei+1l
2 = ga 2 = « [ =1 TSy, T o=l = }
{E =1 ZiST, > 1S+ 1} e i

o (haa-mroside)t )
|

Q=

1

omi |2 Biw2  —302 E-—i—l}
2 —_ o 2 —_ [e% |: 1=1"—" R. i=1"—"1
[Zi:l i_df[/RIi - Ziil = + 1:| - e %

Q= o

Suppose n=m,

CSVNSSPA(T1, Ts, ..., Tm)

m _— 4 2mi {1(2;@1 Zi(1—wpy )"~ 0, Ei+1)é
[1 - (L B =Pr) =25 B+ 1)&] e

’
1

@

1 2mi {Z’.’i Bwd - E-+1}
m = m = i=1=""ST. i=1=
[Zi:l :Z-S% - > B+ 1} a.e i

Q= .

1 2mi {Z’TL Biws  —Sm E-+1}
m = P« mo o= =1 """ R, i=1"—"7
[Z’LZI '_'ZRZZ - Z’Lzl —q —|— 1] @ . e (3

When n= m+1, according to the operational rules of CSVN numbers, we have =Z,, 117,41
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Q=

1

21 |:1 (E"H,l(lprzm_'»l )0‘757”+1+1)
—Em+1+1)"] e

1- (Em—i-l(l - PImH)a

Q=

r 271 |:E r1wg —= +1+1j|
Em+187, ., — Emt1 + 1} ‘e T T T
m

+1

R~ o

] 1
—_ —_ a
Em+1RT, ., — Eme1 + 1} e

271 |:Em+1w%1 ) —ZEms1+1
m+

and

CSVNSSPA(T,, T, ..., Im,Imi1) = CSVNSSPAZ, Io, . . .. Im) @ (Sms1Lymsr)

m+1 =

=1

1- (Z?ﬂl =

1
— - 1 ; +lg +lz 1] °
= m+l = ca m+1 = a g {Eﬁl Siwgy 2 “”’1}
Dy EiST =2l B+l e ' ’
; 1
_ 1 . +1 = +1 = @
m+l = pa m+1 = a 2’”[221 SR, s “ZH}
D iy EiRT, — Yicg i+l e '

(1 - pr_)a -

)y

i=1 =1

L s

(1-wpy )* =50

1 EH—I) é]

Y

0 Following this, we will investigate the principles of idempotency, monotonicity, and bound-

edness based on the information given in Equation 6.

Proposition 1. (Idempotency)
For any collection of CSVNs, Z; = (Pre

(3

if 7, = T = (Pre*™Pr S7e™™51 R1e?™R1), then CSVNSSPA(T,, Ty, . ..

O

12Tw 12TWws P2TWR. .
71 St Zi \Re Zi ), where (i=1,2,...,n),

T,) =T.
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Proof.

n = a n o o— 1
[1 —(im B = Pr)* = 2 B 1)“} ‘
1
2mi {1— (S i 0-wp, )7 - =i41)
€ Y
CSVNSSPA(T,, Ts, ..., I,) = o '[2" e s +1]
[ EiSE = Y Bt 1] e e e

1
o

Q= o

L 2m [zt Zwe -3 5-+1}
n —_ n —_ i=1 =1 R. =1
[Ei:l EiR7, — D1 it 1] “-e ¢

1
o

omi [1— ((1—wp. )*—1+1
(1= =Pr)*—1+1)7] e { (a=wnz)m-141)

1
1 2mi|we 71+1]a

)

Rl .

[Rg —1+1]7 ¢ {w%zi_m]

)

i

= ( [1 _ (1 _ Pzi)]'eQﬂ'i[l*(lfu)pIi )], [SIJ.QQﬂ-inI‘L, [RI.].€27TiWRIi )

2miwp. 2miws 2miwR.
Pr. e Zi | S7,.e Zi Rz, .e Z

OProposition 2. (Monotonicity)
For any collection of CSVNs Z; = <73L..e2mw731i,SL.e%inIi,Rzi.ezmwﬁfi> which satisfies
CSVNSSPA(Il,IQ, ‘o ,In) < CSVNSSPA(Ill,I/Q, e ,I/n), 121,2,...,11 if Ii = I/i.

Proof. Let if Z; = 7';, then Pz, < PIL, Sz, < S/L., Rz, < R/L' and wp, <wpr, ,ws; < wsr,,
WRy, S WRI7 thus
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Pr, <P'g,

n n
= Z'_‘Z(]‘ PIz>a Z ZEZ(]‘ - ,P/I'L)Oé
i=1 i=1
1
n n e n n o
= [ZEz(l—PL)O‘— =41 > [ZEZ(l—P’L)O‘— =+ 1
i=1 i=1 i=1 =1
1 1
n n o n n «
= —[ZEi(l—PL)O‘—Z:H—l >_[ZEi(1_PIL)a_Z:Z+1
=1 i=1 =1 i=1
= [1—251(1—7912)6"— Z+1] > [1-2&(1—73’12)&—2:1“
i1 i=1 i=1 =1
also
1

n n
= [1 Y Sl —wp,) =) Ei+1
i—1 =1

)

Further, we derive that,

Sr, <8,

= (SIi)a > (S/Ii)a
n n
= Y EilSn)* =) Ei(Sn)°
=1 =1
1 1
n n « n n o
= [ E(Sr)* =Y Ei+1| > [ Ei(S')* =Y Ei+1
=1 =1 =1 =1
1 1
n n o n n o
= - [ E.Z‘(Szi)a — =+ 1 > — EZ(S/L.)OC — =+ 1
=1 =1 =1 =1
= [1—23-(&)@—2:#1 > [1— Ei(S'7)* =) Ei+1
=1 =1 =1 =1
also
1 1
n n @ n n @
- [LZEM@V—ZEZ’“ le—ZExww—ZaH
i=1 i=1 =1 i=1
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Similarly,

Rz, <Rz,

n

n
= 1—251'(007{11_)@—251‘—}—1
i=1

i=1

1 1
a n n a
> [1 =) EiWR')* =) Ei+1

By this, the final results can be expressed as follows:

CSVNSSPA(T,,Ts,...,T,) < CSVNSSPA(T,Ts,...,T').

OProposition 3. (Boundedness)

For any collection of CSVNs Z;= Pzi.e%iw%i , Szi.e%iw‘sfi , Rzi.eQﬂinIi >, i=12,.nif 7, =

] 2mi[max wRIi]

27 [min w
[ Pz, , [max Rz, ].e

<[m1n PIz] .e , [max 81'1] .627l"i[1’nax w‘SIi ]
and I;r = ([max PIi].€2m[max WPI,L»]’ [min Szi].e%”[min Wszl,]7 [min RL}.eQm[min wRIJ) then, 7-

CSVNSSPA(L1,Iy,...,1,) <ZI;.

IN

2TiwR .
K2

omi omi .
Proof. Suppose that Z;= <PL,.e mwpfi,SL.e mwsfz’,’RL.e >, i=1,2,...,n be the collec-
2miwp 2Tiws 2TiwWR _>

tion of CSVNs. Let Z7 = min{Zy,1s,...I,} = <'Pl—_7.6 i S-e i Ro-.e

2miwp n 2miws 4 2MiwR "
— _ _ I I iy .
and Z; = max{Zy,Zs,...I,} = <PIi+.e i 7S'I:r.e : ,RI:r.e i > Then, we have:
. 2Tiwp., 2TIWS., . 2TIWR
Pr- = {minPz,.e i}, SI{ = {maxSz,.e i}, Ri- = {maz Rz,.e Zi } and

2TiwWp.,. . 2TIWS, . . 2TIWR .
Pr+ = {maz Pz, .e i}, Sgr = {min Sz,.e i}, R+ = {minRz, e Zi }. Now,

NgE

1
n é- 27TZ‘|:1—<A Ei(l_w’PI,)a>
[1—(2&(1—%)&) o LAE e
1=

1
. 17 2m {1—(21 Ei(l—wpzi)"> :
1 zam—%)a) e LF <

1
n é 21 |:1<i1 Ei(lprl_'— )a)
1= ZEi(l_Pﬁ)a> e B '
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é
n é 27’F’L<zn: Ei(l—wn _)a)
(Earyyr) e V=T <
i=1 v
1
1 n a
n o 271 E’L @
(Z Ez‘(RL-)a> e (; torz,) ) <
i=1 )
n o 2m‘<i Ei(wr )“) :
(E2Ree) e\
i=1 ¢
From this, it is concluded that Z; < CSVNSSPA(Zy,L,,...,T,) <ZI/. g

3.2. CSVN Schweizer- Sklar power weighted averaging operator

Definition 3.2. For any collection of CSVNs I; = (PIiei2ww7)Ii,SZiei2ﬁwSIi,RzieﬂwwRIi),
(i =1,2). Then the CSVNSSPWA operator of dimension n is a mapping CSVNSSPAI™ — T
such that

v

2ima Wi(1+4(Zs))
where T s the set of all CSVN numbers and WMZ;) = >3y ;2 Sup(Zi, Iy,) and W, =

CSVNSSPWA(Ly,T,,...,1,) =

(Wl,WQ, .. ,Wn)T is the weight vector of Z;(i = 1,2, ...,n),Wi €0,1],>", W, = 1. Suppose
when W; = %, %, - ,% T CSVNSSPWA operator will be reduced to CSVNSSPA operator.
Theorem 3.2. Let 7; = (Pzieﬂmpzi,Sziei%wsfi,RLeﬂmRIi ), (1 = 1,2) be a set of

CSVN numbers and o < 0 and W; = (Wl,ng...,Wn)T is the weight vector of Z;(i =
1,2,...,n),> 0" W, = 1,W; € [0,1], then the aggregated value obtained using CSVNSSPWA

operator is also a CSVN number and can be expressed as follows:

CSVNSSPWA(L, Ty, ..., T,)

)

1
1 2mi | 1— (20, Wy (1—wp, ) a:|
1 (S, Wil - Pr))] o (S )

1
21 |:Z:L:1 Wiws%] a
7

(o WSz ] e

1
(> WiRg ]% : eQm {Z?:l WWR%J
i= i

W, (14+84(Z5))
mL W (1+HU(T)

Proof. As the proof of Theorem [3.2] parallels that of Theorem [3.1], it is omitted. The following
properties hold:

where W;(i = 1,2, ...,n) is a set of integrated weights, W; =
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Proposition 4. (idempotency)
Let Z; = (P, 2T, ) SLeZ%wszz‘ R, 2R ),where i=1,2,....n be a set of CSVN numbers, if

T, = T = (P7e"*™Pz,S7e™?™sz Rze*™Rz), then CSVNSSPW A(Zy, T, ..., I,) = I.

Proposition 5. (Boundedness)
Let Z; = (Pzieﬂmpfi,SLelQW‘SIi,RL.ezQWRIz') ,t=1,2,...,n be a set of CSVN numbers.
Then, Z," = < [max Pzi]ezm[maxwpli], [min Szi]e%i[minwsfﬂ, [min RL.]627”}[mmw721i17 > and Z; =

. 27 [min w 2mimax w 2mi|max w
< [min Pz, Je milmin e, mi[max °z,] [max Rz,]e mimax Rzl > then,

, [max Sz,]e

I; < CSVNSSPWA(TLy, T, ..., T,) < I,

Proposition 6. (Monotonicity)
Let Zi(i = 1,2,..n) be any permutation of Z;(i = 1,2,..n). Then,
CSVNSSPWA(T,Ts,...,L,) <CSVNSSPWA(T,T'5,...,T').

3.3. CSVN Schweizer - Sklar power ordered weighted averaging operator

Definition 3.3. For any collection of CSVNsZ; = (P, 2P, , Sziei%wsli Rz, ¢ HTRT, ), (i =
1,2). Then the CSVNSSPOWA operator of dimension n is a mapping CSVNSSPOWA:I" — T
such that

9

Simt (Wi (1 + U(Zo(3))) Zo())
S Wil + (T, )
where o (i) is the permutation such that I,;_1) > L,y for any i=1,2,...,n and W(IJ(Z-)) =
> h=thti SuP(Zo(iys Lo(ny) and Wi = (Wi, Wa,...,W,)T is the weight vector of Ti(i =
1,2,...,n),W; € [0, 1],2?:1W¢ = 1. Suppose when W; = %,%,...,% T CSVNSSPOWA

operator will be reduced to CSVNSSPA operator.

CSVNSSPOW ALy, Ts, ..., T,) = (9)

Theorem 3.3. Let 7; = (PIieiQMPIi,Sziewmsli,RLeiZMRIi), (i = 1,2) be a set of
CSVN numbers and o < 0 and W; = (W1, Wy, ..., W,)T is the weight vector of T;(i =

1,2,...,n),> ", W, =1,W, € [0,1], then the aggregated value obtained using

CSVNSSPOW A(Ty,Ts, ..., T,)

1
1 2m‘[l—(2?1 ei(l—%_w)”]
1 - nf QZZ ]_ — P L @) o (2 ,
[1- (& - Pr))E] e é
= [anl @ZS%] é 627rz' {Z?:l @iws%i} 7 (10)

1
o

1 2mi [ZTL Cwra

n Pa i=1 7 RI-

[Z’LZI QE/L R Il] @ e i

where €;(i = 1,2,...,n) is a set of integrated weights, €; = Z”Wi%tillii((;)) ok
i=1 7 o (i)
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Proposition 7. (idempotency)
Let Z; = (P, 2T, ) SLeZ%wszz‘ R, 2R ),where i=1,2,....n be a set of CSVN numbers, if

T, = I = (P7e"*™Pz, S7e?™sz Rze'*™Rz), then CSVNSSPOWA(Ly,T,,...,I,) = T.

Proposition 8. (Boundedness)
Let Z; = (PZ 6127“’”311-,SL_eﬂWSIi,RL.eﬂWRIi> ,i=1,2,...,n be a set of CSVN numbers.

0

27mimax w . 2miminw . 27i[min w —
Then, Z;" = < [max Pz, e [ Pz} [min Sz,]e [ 5z, [min Rz, ]e [ Rzl > and Z; =

< [min PIi]e%i[min wr,] , [max Sz, ] erimaxwsy,] , [max Rz,] orimaxwry ] , > then,

I, < CSVNSSPOWA(Ly, Ts,...,T,) < I

Proposition 9. (Monotonicity)
Let Z;(i = 1,2,..n) be any permutation of Z;(i = 1,2,...n). Then,
CSVNSSPOWA(Ty,Ts,...,L,) < CSVNSSPOWA(ZT'\,T's,...,T').

4. Decision-making procedures

In this section, we present a procedure for addressing group decision-making within a com-
plex neutrosophic environment. Suppose G = {@1,(352, ,Gjn} be a set of n alternatives,
R = {M1,R9,...,R,} be a set of n attributes with weight vectors W = (wq,ws, ..., wy,)"
such that w; € [0,1] and 7% ,w; = 1, and E = {é1,és,...,é,} with weight vectors
W = (w1, ws,...,wy,)" such that w, € [0,1] and Zzzl wp, = 1. Thus, the decision matrix

can be expressed as:

R R ... R,

& [y 14, ... I,

Ha = [IZj]an = 62 Iéll ISQ tee Iéln
&, 2o, 1%, ... I°.

The following steps should be taken to identify the best alternative.
Step 1: Normalize the CSVN decision matrix by the following equation in case, the MAGDM

problem contains cost and benefit factors as shown in Equation

(T3, 1%, Fy;)  if benefit type

T, = ij? g (11)
(IF;}]., Ig, ']I‘%} if cost type

Step 2:Determine the weight ®j for each criterion 2Rj. This process involves using the
SMART technique to establish the criteria weights according to the subjective assessments of

decision experts. In this approach, the decision maker ranks the criteria from least to most
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important. There are 10 points for the least important criterion and the most important cri-
terion gets 100 points. The rest of the criteria are assigned point scores in an order based
on their relative weights. The weight of each criterion is then obtained by normalizing total

points so that their sum is equal to 1.
Step 3: Calculate the overall evaluation score for each alternative as follows:
:| )

2mi [(Z?l Wiws%i) é] (12)

|

Q=

[1 - (2 Wi(1 = P,)?)

Q=

omi [1 (z;;l Wi (1—wpy, )C*)
e

CSVNSSPWA(L, To,.... T.) = |

Q=

- €

: ] Qﬂi[(zr_lwiwn%i)
e

Q-

Q=

[1 - (i & - 7311-)“)5] :
]

Q=

2 [1—(2;1:1 &i(1-wpy,)%)
)
1

Q=

CSVNSSPOWA(Zy,Ts,...,T,) = [2?21 ez | 62m- |:Z?:1 @in%i} (13)
1 3
[Z?:l szR%] R {Z?:l GMR%J
where i =1,2,....m;7=1,2,... ,n;a=1,2,... L.
Step 4: Determine the aggregate score values for the overall evaluations Z;(i = 1,2,...,m).

Step 5: Rank the alternatives.

5. Application to Green Supply Chain Management

In this section, we form a multi attribute group decision making (MAGDM) framework
using the proposed CSVNSSPWA, CSVNSSPOWA operators and employed it to assess green
suppliers from the perspective of GSCM. In this context, objective is about green suppliers
which are known as sustainable or eco-friendly suppliers who provides products and services
are less damaging to the environment as compared to the conventional suppliers.

We choose the five green suppliers (351, 62, @3, (354, &5 and four attributes as
e Ry - product quality factor ,
e Ry - environmental factor,

e N3 - Delivery factor,
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e N, - price factor.

The weight of the decision makers is given by W = {0.35,0.25,0.40}. Obtain the decision

makers input by utilizing the linguistic terms and their corresponding CSVNs outlined in

Table [3] Table [0] represents the CSVN information.

TABLE 3. Linguistic terms for CSVNs

Linguistic terms

CSVNs

VH - Very high

H - High

MH - Moderately high
M - Medium

ML - Moderately low
L - Low

VL - Very low

[(0.6,0.5), (0.2,0.3), (0.4,0.1)]
[(0.8,0.3), (0.6,0.2), (0.3,0.4)]
[(0.5,0.1), (0.4,0.6), (0.9,0.3)]
[(0.7,0.2), (0.1,0.4), (0.2,0.5)]
[(0.3,0.1), (0.8,0.8), (0.5,0.3)]
[(0.4,0.3), (0.6,0.4), (0.2,0.5)]
[(0.5,0.2), (0.9,0.1), (0.7,0.4)]

TABLE 4. CSVN information in the decision matrix DM,

Ry

NRo

&,

[(0.6,0.5), (0.2,0.3), (0.4,0.1)]

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]

GH

[(0.3,0.1), (0.8,0.8), (0.5,0.3)]

[(0.4,0.3), (0.6,0.4), (0.2,0.5)]

GH

[(0.6,0.5), (0.2,0.3), (0.4,0.1)]

[(0.7,0.2), (0.1,0.4), (0.2,0.5)]

N

[(0.7,0.2), (0.1,0.4), (0.2,0.5)]

[(0.3,0.1), (0.8,0.8), (0.5,0.3)]

B

[(0.3,0.1), (0.8,0.8), (0.5,0.3)]

[(0.3,0.1), (0.8,0.8), (0.5,0.3)]

A3

Ry

G

[(0.5,0.1), (0.4,0.6), (0.9, 0.3)]

[(0.7,0.2),(0.1,0.4), (0.2,0.5)]

GH

[(0.5,0.2), (0.9,0.1), (0.7,0.4)]

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]

GH

[(0.4,0.3), (0.6,0.4), (0.2,0.5)]

[(0.5,0.2), (0.9,0.1), (0.7,0.4)]

GH

[(0.5,0.2), (0.9,0.1), (0.7, 0.4)]

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]

5

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]
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TABLE 5. CSVN information in the decision matrix DM

R, Ry
&, | [(0.5,0.2),(0.9,0.1),(0.7,0.4)] | [(0.7,0.2),(0.1,0.4),(0.2,0.5)]
&, | [(0.4,0.3),(0.6,0.4),(0.2,0.5)] | [(0.6,0.5),(0.2,0.3),(0.4,0.1)]
&5 | [(0.3,0.1),(0.8,0.8),(0.5,0.3)] | [(0.5,0.1),(0.4,0.6),(0.9,0.3)]
&, | [(0.7,0.2),(0.1,0.4),(0.2,0.5)] | [(0.6,0.5),(0.2,0.3),(0.4,0.1)]
&5 | [(0.5,0.1),(0.4,0.6),(0.9,0.3)] | [(0.5,0.2),(0.9,0.1),(0.7,0.4)]
Rs Ry
&, | [(0.5,0.2),(0.9,0.1),(0.7,0.4)] | [(0.3,0.1),(0.8,0.8),(0.5,0.3)]
&, | [(0.8,0.3),(0.6,0.2),(0.3,0.4)] | [(0.7,0.2),(0.1,0.4),(0.2,0.5)]
&5 | [(0.4,0.3),(0.6,0.4),(0.2,0.5)] | [(0.5,0.2),(0.9,0.1),(0.7,0.4)]
&, | [(0.7,0.2),(0.1,0.4),(0.2,0.5)] | [(0.4,0.3),(0.6,0.4),(0.2,0.5)]
&5 | [(0.3,0.1),(0.8,0.8),(0.5,0.3)] | [(0.7,0.2),(0.1,0.4),(0.2,0.5)]

TABLE 6. CSVN information in the decision matrix D Mg

Ry

R

G

[(0.4,0.3), (0.6,0.4), (0.2,0.5)]

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]

GH

[(0.5,0.1), (0.4,0.6), (0.9, 0.3)]

[(0.5,0.1), (0.4,0.6), (0.9, 0.3)]

Gh

[(0.4,0.3), (0.6,0.4), (0.2,0.5)]

[(0.8,0.3), (0.6,0.2), (0.3,0.4)]

GH

[(0.5,0.1), (0.4,0.6), (0.9, 0.3)]

[(0.5,0.2), (0.9,0.1), (0.7,0.4)]

5

[(0.3,0.1), (0.8,0.8), (0.5,0.3)]

[(0.5,0.2), (0.9,0.1), (0.7,0.4)]

Na

Ry

G

[(0.6,0.5), (0.2,0.3), (0.4,0.1)]

[(0.6,0.5), (0.2,0.3), (0.4,0.1)]

GH

[(0.5,0.2), (0.9,0.1), (0.7,0.4)]

[(0.7,0.2), (0.1,0.4), (0.2,0.5)]

&3

[(0.7,0.2), (0.1,0.4), (0.2,0.5)]

[(0.6,0.5), (0.2,0.3), (0.4,0.1)]

N

[(0.4,0.3), (0.6,0.4), (0.2,0.5)]

[(0.4,0.3), (0.6,0.4), (0.2,0.5)]

&;

[(0.7,0.2), (0.1,0.4), (0.2,0.5)]

[(0.7,0.2), (0.1,0.4), (0.2,0.5)]

Priyadharshini. S, Mohanaselvi. S, Schweizer-Sklar power aggregation operators based on complex single
-valued neutrosophic information using SMART and their application in green supply chain management.



Neutrosophic Sets and Systems, Vol. 73, 2024 473

Step 1: Construct a matrix (see Table [6) and standardise it based on the varying

information types.

I ((Pz,wpy), (ST,ws;), (Rz,wr,)) if benefit type
(/A
(Rz,wr;), (St ,ws;), (Pr,wp,)) if cost type

Normalization is not required since all the given attributes are of the benefit type.

Step 2: In this step, we use the SMART method to calculate attribute weights. Experts
assign scores to each criterion, ranging from 10 for the least important to 100 for the most
important. These scores are then normalized by dividing each criterion’s score by the total
sum of all scores, determining the final attribute weights. Table ﬁLdisplays the points allocated

by each expert and the corresponding normalized attribute weights.

TABLE 7. Attribute weights

Attribute Points assigned by Sum Normalized
DMy DMs DMsjs of points weights ©j
R 80 70 90 240 0.26
NRo 90 60 80 230 0.25
NRs 70 80 60 210 0.22
Ry 90 80 80 250 0.27
Total 930 1

Step 3: Using the theory of CSVNSSPWA, CSVNSSPOWA operators using Equations 12
and 13, we aggregate our specified decision matrix for a = —2. The results are shown in Table

8.
TABLE 8. Aggregated matrix for CSVNSSPWA and CSVNSSPOWA operators

CSVNSSPWA CSVNSSPOWA

&, | [(0.6706,0.3533), (0.2018,0.216), | [(0.6725,0.3533), (0.1963,0.2192),

(0.3005,0.1698)] (0.3059,0.1689)]

&, | [(0.6514,0.2487), (0.2261,0.1975), | [(0.6525,0.2498), (0.2212,0.2),
(0.3045,0.2715)] (0.3034,0.267)]

& | [(0.6261,0.2487), (0.1959,0.2039), | [(0.6331,0.3249), (0.2047, 0.2161),
(0.2713,0.2043)] (0.2694,0.1996)]

&, | [(0.6273,0.2581), (0.1992, 0.2019), | [(0.6166,0.2594), (0.2037,0.1984),

(0.2656, 0.292)] (0.269, 0.2839)]
& | [(0.6611,0.1861), (0.1846,0.2084), | [(0.6685,0.1891), (0.1864, 0.2111),
(0.309, 0.364)] (0.3083,0.3641)]
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S 4: The score values for the CSVNSSPWA, CSVNSSPOWA operators are calculatlg
E]nd presented in Table 9.

TABLE 9. Score values

CSVNSSPWA CSVNSSOWA

G, 0.0452 0.0452
G, 0.0331 0.0298
G5 0.0226 0.0228
G4 0.0245 0.0263
G5 0.0729 0.0708

Step 5: Rank the alternatives are showed in Table 10.

TABLE 10. Ranking of the alternatives

Operator Ranking
CSVNSSPWA Q"55 > Q“51 > Q“52 > Q“54 > Q“53
CSVNSSOWA 65 > (;51 > ég > Q“54 > Q“53

O

5.1. Parameter analysis on decision results

This section presents the results of our proposed approaches by varying parametric values.
We perform all the proposed methodologies with several values of the parameters to investigate
the effects of the parametric values on the score values of the result obtained through the use
of the CSVNSSPWA, CSVNSSPOWA operators. Table 11 summarize all the score values that
have been obtained for the proposed operators respectively. Integrated results may be different
at different parametric values . The choice &5 becomes the top preference for the operators.
Figure 1 illustrate the computed score values for the CSVNSSPWA, CSVNSSPOWA operators
respectively, as detailed in Table 11.

L]
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TABLE 11. Results of score values by the CSVNSSPWA and CSVNSSPOWA

operators

Parameters CSVNSSPWA CSVNSSPOWA

a=-—1 Q"55>Q"52>Q"54>Q"53>Q"51 Q"55>Q"52>Q..54>Q"53>Q"51

a=—2 é5>®1>é2>é4>é3 @é1>ég>é§4>é3

a=-—5H él>ég>é4>62>é.§5 él>é3>é4>é2>é5

D a=-—10 é-51>é.53>é.52>é.54>é.55 é.51>é53>é.52>é.54>é-55

a=-20 Q..51>Q3>Q"52>Q"54>Q"55 Q"51>Q"53>é.52>é.54>é.55

a=-30 é1>é.53>é2>é.54>é'55 Q"51>Q"53>Qn52>é.54>é5

a=—50 él>®3>ég>é4>é5 él>é3>ég>é4>é5

a = —100 Q"51>é53>62>é54>é.55 é1>é.53>é.52>é4>é.55

a=-200 |B;>6;3>6,>6,>06;5 |6 >6;>6,> 6, > 65

5.2. Comparative Analysis

To highlight the proficiency and prevalence of the proposed operators, it is essential to
compare them with existing methods. For this, we choose an idea of Aczel - Alsina aggregation
operators for CSVNS was exposed by Areeba Naseem et al. [35]. Based on the preceding
discussion, the comparison results are tabulated in Table 12. Figure 2 shows the graphical

structure of all computed score values from Table 12.

0.3
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0.1 |
- l I ‘ I ‘ ‘ |
= << < < < < < < < < < < < <
= = = B ¥ 2| =2 =2 = 2[5 =2 |x8 =2 |2
o s o. C) o [ =R O o (@] 0. [®] o (=] T o [ O
0 o 0 o 0 a n o 9 a ] a 7 o a a a o
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FIGURE 1. The results of the CSVNSSP&X and CSVNSSPOWA operator
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TABLE 12. Comparative study

Aggregation operators Score values Ranking
CSVNAAWA B1= 0.1104, Bo= 0.2304, B3= 0.1569, | G5 > Gy > G4 >

(a=1) [35] G,4= 0.2118, G5= 0.2682. B3 > 6B,
CSVNAAOWA G1= 0.1127, Go= 0.2264, G3= 0.1539, | &5 > &y > G, >

(a=1) [35] G,4= 0.2092, G5= 0.2658. B3 > 6B,
CSVNSSPWA 1= 0.0452, Go= 0.0331, G3= 0.0226, | &5 > &; > &y >

(= —2) G,4= 0.0245, 5= 0.0729. Gy > B3
CSVNSSPOWA 1= 0.0452, Go= 0.0298, 3= 0.0228, | &5 > &; > &y >

(v = —2) 4= 0.0263, 5= 0.0708. B, > By

5.3. Stability Analysis

In this section, Spearman’s rank correlation is used to find out the stability of the pro-
posed operators of different parameters and along with them. Table 13 shows the relationship

between all the proposed operators and other parameters.

s —H

0.25

0.2

0.15

0.1

0.05

CSVNAAWA CSVNAAOWA CSVNSSPWA CSVNSSPOWA

HAl BA2 HAZ WA4 EAS I:l

FIGURE 2. Aggregated results by the comparative study
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TABLE 13. Comparative study

Parameter | Aggregation Spearman’s
Operator Rank Correlation
a=-—1 CSVNSSPWA
CSVNSSPOWA | !
a=-2 CSVNSSPWA
CSVNSSPOWA | |
a=-5 CSVNSSPWA 1
CSVNSSPOWA
a=-10 CSVNSSPWA
CSVNSSPOWA | |
a=-20 CSVNSSPWA
CSVNSSPOWA | !
a=-30 CSVNSSPWA 1
CSVNSSPOWA
a=—50 CSVNSSPWA 1
CSVNSSPOWA
a=-100 CSVNSSPWA
CSVNSSPOWA | !
a=—200 CSVNSSPWA
CSVNSSPOWA | !

6. Conclusion

MAGDM is a group decision-making approach that takes multiple criteria or attributes into
account. The technique involves evaluating and comparing alternative choices based on these
criteria to reach a collective decision. The process is facilitated by using a variety of analytical
methods, including decision matrices, pairwise comparison and group decision techniques.
Here we present the basic operations for the Schweizer- Sklar t-norms and t-conorms involving
CNS information, which is better to fuzzify uncertainty in different fuzzy domains and provide
an accurate estimation based on the decision analysis. We examined ®5 as a flexible supplier
of GSCM, considering our operators. In addition, we also explore in detail how different
parametric values influence the results of the proposed methodologies. Finally, a comparative
technique is used to present the results of existing strategies with the developed methodologies.
In the future, we intend to use novel aggregation operators, similarity measures, and new
MADM methods for more complex environments. These advancements are expected to address

challenging real-world problems effectively.
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