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Abstract: Two critical tasks in multi-attribute decision-making (MADM) are to describe criterion values and to aggregate the described
information to generate a ranking of alternatives. A flexible and superior tool for the first task is complex single-valued neutrosophic
(CSVN) setting, and a powerful device for the subsequent assignment is aggregation operator. Up until this point, almost 30 diverse
aggregation operators of CSVN have been introduced. Every operator has its unmistakable qualities and can function admirably for
explicit reasons. Notwithstanding, there is not yet an operator that can give helpful consensus and adaptability in conglomerating rule
esteems, managing the heterogeneous interrelationships among models, and decreasing the impact of outrageous basis esteems. In
genuine decision-making interaction, there are cases that the interrelationships of contentions do not exist in each one of the contentions,
however, in piece of the contentions. Subsequently, there is a need to parcel the contentions into various parts. For this, the technique of
prioritized Muirhead mean (PMM) aggregation operator is massive, dominant, and more flexible to investigate the interrelationships
between any numbers of objects. The goal of this study is to initiate the CSVN setting and to determine their important algebraic laws.
Moreover, to provide such an aggregation operator, the principle of CSVN PMM (CSVNPMM) operator and CSVN prioritized dual
Muirhead mean (CSVNPDMM) operator is elaborated, and their particular cases are discussed. Further, based on these operators, we
presented a new method to deal with the MADM problems under the fuzzy environment. Finally, we used some practical examples to

illustrate the validity and superiority of the proposed method by comparing with other existing methods.
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1. Introduction

Multi-attribute decision-making (MADM) is the fundamental
importance of the decision-making (DM) science whose
expectation is to perceive the best option(s) from the pack of
likely ones. In genuine DM, the person needs to assess the given
choices by various classes such as single, span, and so on, for
assessment purposes. Nonetheless, in different erratic conditions,
it is normally trying for the pioneer to deliver their decisions as a
fresh number. To handle such nature of worries, the phenomena
of the fuzzy set (FS) was elaborated by Zadeh (1965). FS is the
modified technique of crisp set, which covers the truth grade (TG)
belonging to unit interval instead of two opinions “0” or “l1.”
Sometimes, the theory of FS has been neglected, for illustration, if
an intellectual gives the data in the shape of “yes” or “no.” To
handle such sort of data, the theory of FS has not been able to
resolve it. For this, Atanassov (1986) initiated the technique of
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intuitionistic FS (IFS). An IFS covers two sorts of data such as
TG and falsity grade (FG) with the condition that the sum of the
duplet lies between “0” and “1.” Due to its shape, the principle of
IFS has gotten massive attraction from the different intellectuals.
For illustration, Karaaslan and Karatas (2015) presented the
bipolar soft sets. Liu et al. (2021) explored some operators under
the interval-valued IFSs. Thao (2021) initiated numerous sorts of
measures by using IFSs. Gao et al. (2021) elaborated the MADM
technique under the IFSs. Karmakar et al. (2021) presented the
type-2 intuitionistic fuzzy matrix game and its applications. Tiirk
et al. (2021) discussed solar site selection problems based on an
IFS. Yang and Yao (2021) developed three-way decisions under
the IFSs. Jana and Pal (2018) explored the bipolar intuitionistic
soft sets and their application in DM troubles.

The theory of an IFS also cannot work in numerous situations.
For illustration, if an individual gives information in the shape of
“yes,” “abstinence,” and “no,” then the principle of an IFS has
been neglected. For this, the principle of the neutrosophic set (NS)
was developed by Smarandache (1998). NS covers the TG

M (E), abstinence grade (AG) A%C (E), and FG = (E)

TIc
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0~ < Mﬁ(“) +A7716<_) +./\/'ﬁc<_> < 3*. Further, Wang
et al. (2010) modified the NS to initiate the single-valued NS
(SVNS), which covers the TG M— (5) AG A— (5) and

belonging to with a well-known characteristic

FG V- = (f) belonging to [0,1] with a well-known characteristic
C
0< MT:IC(:) + AT:IC <:> +./\/'T:IC(:> < 3. The principles of

SVNS and NS have gotten massive attraction from the different intel-
lectuals. For example, Ye (2014) presented certain measures for
interval-valued NSs. Yang et al. (2017) utilized the principle of
rough set in the environment of SVNS. Ji et al. (2018) explored
the frank prioritized Bonferroni mean operators for SVNS. Sahin
and Kucuk (2015) initiated the subsethood measures for SVNS.
Ye (2014) elaborated the correlation measures under the SVNS. Peng
et al. (2014) proposed decision-making method for SVNS. Saqlain
et al. (2020) developed the tangent measures for SVNS. Kandasamy
(2018) developed the double-valued NS and their applications. Chai
etal. (2021) initiated the measures for neutrosophic soft sets. Qin and
Wang (2020) explored the entropy measures for SVNS. Chatterjee
et al. (2016) presented the similarity measures for SVNSs.

To handle awkward and ambiguous data in genuine life
dilemmas, the principle of FS has been neglected in some cases,
for illustration, if an intellectual provides two-dimensional data in
the shape of single sets. For this, Ramot et al. (2002) elaborated
the principle of complex FS (CFS), which covers the TG

Mo (E) = M— (?) Al <Mﬁ (§)> with  the  rule

0< MT:IR (§>’MT:L (E) < 1. Moreover, Liu et al. (2020)

explored certain sorts of measures for CFSs. Further, Alkouri and
Salleh (2012) developed the complex IFS (CIFS), by including
the FGNT:L(E) :N%

, -
<H> ' ”( ”’( )> in the environment
R
of CFS with the condition 0< M=—+N=<1
T T
0< MT:I, + N = <1

exploited it in the natural environment of separated regions. For
instance, Gulzar et al. (2020) initiated the CIFSs. Yaqoob et al.
(2019) proposed CIF graphs. Garg and Rani (2019) introduced the
complex interval-valued IFSs. Kumar and Bajaj (2014) developed
CIF soft sets. Ngan et al. (2020) explored group based on CIFS.
Yaqoob et al. (2019) initiated the CIF graphs.

Certain intellectuals have utilized the theories of IFSs, NSs,
SVNSs, and CIFSs in the environment of distinct regions. But in
some cases, these existing theories are not able to handle
awkward and complicated data in genuine life troubles. For
illustration, if an individual gives two-dimensional information in
the shape of TG, AG, and FG, then the principle of CIFS has
been neglected. For this, the principle of complex NS (CNS) was
developed by Ali and Smarandache (2017). CNS covers the TG

and

Due to its structure, certain people

Mz (§> =M= <§> A (MT:II (§)>, abstinence grade (AG)

(&) = m(®) (),

/\/— ( ) /\/— < > e (N I ( )> , whose real and unreal parts

and FG

A

IC

belonglng to ]0‘ 1] with a well-known characteristic

0~ <M7+A —i—J\f—<3Jr and
_ + ;

0~ < Mﬁ + Aﬁ + Nﬁ < 3*. Moreover, Singh (2018)

initiated the complex neutrosophic lattice. Al-Quran and Alkhazaleh
(2018) developed the relationship among CNSs and their applica-
tions. But, if an intellectual gives data in the shape of

ire(8) - iz )
) -4 C)

< ) N=— 7( ) mﬂ(NTTI (7)), where the values of real

[0,1] with
and

A

C

and

and unreal parts belong to standard unit interval, i.e.,

0< M_+A +N_ <3
0< MT_L + AT_L +N7_L < 3, then the theory of CNS has been

neglected. For this, in this study, we try to present the principle
of complex single-valued neutrosophic sets (CSVNS) and to
determine their algebraic laws. In the SVNS hypothesis, just
the level of the assets is considered during the examination, which
might bring about loss of data under some specific cases, while the
factor of periodicity is totally overlooked. To keep away from
such a deficiency of data, there is a need to add both the variables
into the examination. To additionally delineate the idea of stage
terms, we give a model. Assume that an organization XYZ needs
to buy a vehicle from a carmaker ABC. The carmaker ABC gives
the organization XYZ data with respect to models of vehicles and
their relating creation dates. The assignment of the organization is
to choose the most ideal model of the vehicle with its creation date
all the while. Hence, here the issue is two-dimensional, in particu-
lar (i) model of vehicle and (ii) creation date of the vehicle. It is
clearly seen that such kind of issues cannot be demonstrated pre-
cisely by considering both the measurements at the same time uti-
lizing the customary speculations. Consequently, the most ideal
way of addressing all the data given by the specialists is by uti-
lizing the CSVNS hypothesis. The plentiful terms in CSVNS
might be utilized to give an organization’s choice with respect to
the model of vehicles, and the stage terms might be utilized
to address organization’s choice in regard to the creation date of
vehicles. Keeping the advantages of the CSVNS, we examined the
primary goal of this analysis as illustrated below.

1. To initiate the CSVNS and to determine their important algebraic
laws.

2. To present CSVNPMM operator and CSVNPDMM operator are
elaborated and their particular cases are discussed.

3. To propose an MADM procedure under the presented operators.

4. To initiate numerous examples to determine the advantages,
sensitive analysis, and geometrical expressions of the proposed
works to find the supremacy and flexibility of the initiated works.

The remainder of this paper is formed as follows: in Section II, we review
the basic principle of SVNSs and their algebraic laws. The principle of
SVNPWA operator, SVNPGA operator, Muirthead mean (MM)
operator, and their specific cases are reviewed. In Section III, we
initiated the CSVNS and determine their important algebraic laws. In
Section IV, CSVNPMM operator and CSVNPDMM operator are
elaborated and their particular cases are discussed. In Section V, an
MADM technique is presented based on investigated operators. In
Section VI, we present the conclusion of this study.

2. Preliminaries

In this analysis, we review the basic principle of SVNSs and
their algebraic laws. The principles of SVNPWA operator,

57



Journal of Computational and Cognitive Engineering

Vol.1 lIss.2 2021

SVNPGA operator, MM operator, and their specific cases are
reviewed. The term X stated the universal sets.

Definition 1: (Wang et al., 2010) A SVNS 7 Zy is stated by

TTov = {(M=(5) A= (3) V= (3) )

where ./\/lT:C (E) y A= (E), and N— = (E belong to [0,1] with

(||

€ ?} 1)

T TZc
0< ./\/lnC (E) + AT:IC <:E> + N = (E) <3. The  object
ﬁ = (MTZC—H’-ATIC—ﬁ’NTIC—ﬂ)7ff =1,2,...,u, stated
the SVNNG.
Definition 2: (Wang et al., 2010) Suppose

m:(M A N

TIc TZc
value (SV) is stated by:

) be any SVNN. The score
TIc,

S(TZov 1)
B 1+ (MTIC,H N Z“ATZH, N NTZC,H) (2 N MTIC,ﬁ N NTzc,ﬁ)
N 2
(2)
Definition 3: (Wang et al., 2010) Suppose
TIcey = (MTIH, P TIH) be any SVNN. The accu-
racy value (AV) is stated by:
= (= TTc. TTc. TTc_
H<TICN7H> S EE—— = (3)
where ﬁ(TICN—ff) S [07 1]
For any two SVNNs 7Zy_; = (MTIH7 P TIH) and

TTen 2 = (M=, A

TIcn " TIcs UH)’

1. :E(TICN,I) > S(TICN,Z):TICN,l > TZon 2

@l

2. :>§(TICN,1) < (TICN,Z):ﬂICN,I <TZTon

3. :>§(TICN,1) =§(TZCN 2)

() =H(TZov- ﬁ(TICNfz):mcm >TZex 2

1)>
(i) =H(TZex 1)< ﬁ(TICN,z) —TTon1 < Ty
)=

(lll) :>H (TZCN 1 ﬁ(TICN72):>TZCN71 = TICN*Z'

Definition 4: (Wang et al., 2010) Suppose
TIceno = (MTIH,.ATIH, T and
TIonoy = (MTIH, 'ATIC,Z’NTIC,) be any two SVNNSs. Then
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o & TTens = (M= + Mi = M= M A A N )
(4)
TZen-1®TZen-2
B MTIH MTIH’ 'ATIC,, + "ATIH B “ATIH TIc,
NTZC,, + NTIH B NTIC,, TTc,
(5)

N:_ B B ‘SVS '(Svs ’S'S
5STICN,1_<1 (1 MU“) ’“Anc,,’/vnc,l) ©)

\5s \3s

_ ds _ _ _ _
T _<Mnm,1 (1 AUH) 1 (1 NUH>)
(7)
Definition 5: (Garg, 2018) Suppose

2,...,4, be any

T = =1
CN—ff (MTIC—H : ATIM Y TIM)  ff
group of SVNNs. The SVNPWA operator is stated by

SVNPWA (TIQ\H, TTon o, TICN,M)
E H i Hiz ]Hff
M H oo
N 1 Me—— > fi=1 7 szy 1 i NZN:I ff
ﬁ];[1< TLei ffl_[l TIc s 1‘]‘1_:[1 TIc s
®)
where Hy =1 and Hy; = S(TICN k)
Definition 6: (Garg, 2018) Suppose

TICN*ff = (MTIC—ff ) .ATIC*“’NTIC*H) ) ff = 13 27 ceey My be any
group of SVNNs. The SVNPGA operator is stated by

SVNPGA (TIC,H, TZona-.. ,TICN,M)

Hip Hig i
Zci | Hif o Z?Lx““ . Z}i‘rqq“
_ 1— A 11— 1-Nex
(H M= - (1 - A [I(1 -V

fi=1 ff=1

)]
where Hl and Hff = ﬁt7 E(TICN k>
Definition 7: (Muirhead, 1902) Suppose
TZcy-5, Tf = 1,2,..., 1, be any group of positive terms with para-
meters P = (71,72, ---+72,,) € R*. The MM operator is stated by

MP<TICN—UTICN—27~-~7TICN—M)
1
= (10)
72t fi=1 1
> HTICN o[
M oes fiei
where o is the permutation of (ff = 1,2,..., u) ands, is the group of
permutations of ff=1,2,...,u. For different wvalues of
P = (71, 22,-- -+ /2,,) certain specific cases are discussed below.
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. ForP = (1,0,...,0), Equation (10) is changed to

1 M
= — H TICN*ff

MM(1:0--0) (TICN,I, TTon o
i1

) T CN 7;1.)
(11)
Which is expressed as the AA operator (AAO).

2. For P = ( TRREE ’u) Equation (10) is changed to

w .
TICNW) = H TIcn-5"

MM(;lut )(TIC]\] 1,TICN 2y
ff=1

(12)
Is expressed as the GA operator (GAO).
3. For P = (1,1,0,0,...,0), Equation (10) is changed to
MM 1100--0) (TICN—lv TZen -5 TICN—H)
1 z": - (13)
= _ TICN*ff * TICN*’
wlp+1) 4 !
H g iz,
ff#J
Is expressed as the BM operator (BMO).
— k —k
4. ForP = (ﬁ, 6—%—/\—-\) , Equation (10) is changed to

k n—k
1,1,...,1 0,0,...,0
MM\ s B (TICN—lvTICN—Zwu:TICN—M)

|

Is expressed as the MSM operator (MSMO).

k
1 P —
= (C“ Z H TZCN*J’N
k1<ji<,..<jk<p fi=1

(14)

3. Complex Single-Valued Neutrosophic Sets

In this study, we combine two distinct principles such as SVNS
and CFS to initiate the novel principle of CSVNSs and to develop
their algebraic laws.

Definition 8: A CSVNS 77y is stated by

oy = {(M(5) A (5) V72 (B))

() iz (B0

e (8) = 4 (3) ).

ﬁ(“) m”(Nﬁz( )> with

Nee= (E) =N

(]|

€ ?} (15)

and

OSMT:IR+AT:IR+NT:IRS3 and
OSMT:I,+AT:I,+NT:I, < 3.  The object

. -
TIon-5= Mﬁe o

FF=1,2,...

Definition

().
e
TTp

CSVNN. The SV is stated by

TIcn-1 =

TIg

(4

ffor | A—
o)

/—
T Ty

2”(“%) Y

ffor (,x

))

=
TTp;

, i, stated the CSVNNSs.

9: Suppose
em”(’v?n)> be any

TIg,

S M A N M- A N
S(TI CN*”) - 3
(16)
Definition 10: Suppose
TTya = (M m"(’wﬁ), () N em”(‘vﬁ)> be any
TIp TIp TIp

CSVNN. The AV is stated by

MT:IR+AT:IR+NT:IR+MT:L+.AT:L+N%

ﬁ(TICN,ﬁ) -

where ﬁ(m) € [0,1].

For any two CSVNNs

_ or()
Tl = | Me—e /A

TIrgs

3
(17)

T

irzd (F) ffam <NF>
e i) N e = Jf=1,2,

1. =>§(TICN,1) > E(TICN,

z) =TTcen-1 > TIon-2;

2. :>§(TICN,1> < ?(TICN,

2) =TTcena < TIen-zs

Definition
ffam | M.
TIen, = (MTIR—le ( HH) A'ATZ:H
7 fam (J\/ln )
Ien-z = MTR,ZB 12/ A

any two CSVNNSs. Then

TIena®©TIen

TIr>

(m

TIpa

A——
( TIpy TIp

2: —
Al "(V %,,.) N

fon( L)
) TIpy TI1

<
)

ii) =>H(TICN_1) < ﬁ(nm_z)zﬂzwl <TTen o
)=

ﬁ(TICN 2):>TICN 1 =TZen,.

11: Suppose
o (A{ .
4

i ) ) and
ffar (/\*'
e T

TTp

m)) be

TIr->

fon( —N— )
Ty T

(18)

N=N=—

TIp

TTr,
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TIcna®TIen,

ﬁz;r( M*)
)e T, Ti,

M=e=—=M=—=
( TZR*I TIR*Z

pL)
TIa T/ |
)

T T,

ffom (A:+L—
)e TI; TI;

= (ATRIH\?R;A

TIx TIg,

fam TN
(NTLH HNE= N TIR,) ¢ ( o
(19)
+
5 ffZﬂ(17<lfM—>s)
1- (1— —)Se el )
8TIenoy = TI~H ~
_ o (AL) . fi2n (NBS )
As e ) NS e I
TTr, Ir
(20)
TIon

\is
% i 17(1—An )
) e I-1
( Vs
~ ffor| 1— (1 —N- )
)55 I,
e

TIp

(1)

Definition 12: Suppose

ff2n (M:) fam (A:) ff2m (A":)
e i) A e TI1gf N e TI1 5 ,
TTI, s

RFf Rif R-ff

TTon = (MU

ff=1,2,...,u, be any group of CSVNNs. The CSVNPWA
operator is stated by

CSVNPWA (TICN_I, TTon 2reees TICN_M)

Hig
P i | 1-TT¢, (1 M- ) p
1— H (1 >Zn it T

TIpt ’

- il
Z ﬁh( ‘A Zh 1 i) Z ﬁh( LN Zm“w>

H TT1-1f Hyp TT1-4

H fi=1 e H N’ fi=1

fi=1  TZr fiml TZegy

(22)

where H, and Hy; = [T{"} S(TICN k)

Definition
ri (Mn ) ff2m (A?> ffam (\T>
TI” = /\/lTI ” i 'ATIR “\e int ""VTI,( He 11 ,

ff =1,2,..., u, be any group of CSVNNs. The CSVNPGA opera-
tor is stated by

13: Suppose

60

CSVNPGA (TICN,I TZTon o, TICN,M)

Hff
" Zﬁ,ﬁ"ﬂ
ZWN ffam ‘ﬁ M
b " TIp 55
=1 if T
METL e

ff=1  TIp-s

Hyp
o !
ff2 1— _ Zﬁ—| ff
>Eii 1 ﬂ( Hﬂ l( H”") ,

s

TIp;

Il{"
B Hy ffar (1 I_Lf ]( N )Z?r:pw)
1—H<1—N_)Zvrl”e o

TIp5

(23)

where H; and Hy; = Hk . (TICN k)

4. Prioritized Muirhead Mean Operators Based on
CSVNSs

The goal of this study is to initiate the CSVNS and to determine
their important algebraic laws. Moreover, the principle of
CSVNPMM operator and CSVNPDMM operator is elaborated
and their particular cases are discussed. The technique of PMM
aggregation operator is massive, dominant, and more flexible to
investigate the interrelationships between any number of objects.

Definition 14: Suppose
A o ) ),
ff=1,2,...,u, be any group of CSVNNs. The CSVNPMM

operator is stated by

CSVNPMM (TICN,1 TN s TICN,M)
1 " Hygy =———\""\ S5
= _®a€§“ H( TICN U(ff))
! ff=1 fo 1
(24)

where H; and H; = Hk ) (T Teno k) and o is the permutation

(PM) of (ff=1,2,...,u) and S, is the group of PMs of
ff=1,2,....u. For different values of
P = (71, 722---+ 22,) € R*, certain specific cases are dis-

cussed below.

Theorem 1: Suppose
m _ (/\/{” eifz.v (wm) ,An emn (Am ”) u‘v%emn (’\,11, ”)) ,
ff = 1,2,..., u, be any group of CSVNNSs. Then by using Equation

(24), we determine
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CSVNPMM (TZCN,I, TTononse s TZCN,#)

Ho () 725

" 15 m ey
1= {IIli=11l1-(1-M fi=1

oes =1 TZro(ii)

71 =
2 i

__ 1\ =1l
b H
2| 1- -] 1-[ 1-M fi=1 11
ff Haegu HVH ( CE—
e )
. — 1\ el
i3 7 1 T——
& HZ‘L‘T( )W i g fozl i
o Mgt
I— 1= TI|1=-1I1f{1-[1-AEZ=
o€s, fi=1 TTr-o(s)
= 1\ —~1t—=
k. H
Mgt
lizkd RE RE I | P IR ) GO R R B B i)
o B I ()
e )
u = T S
(Ff) 2 1 o
I— 1= TJIl1=-I]f1-1-NZE=2
o€, ff=1 TTro(ji)

i

1
Y I
fo:l 7

P L
Z?i il
for | 1= | 1| TLeo | t-TT6s | - [ - v=22
o f T (s
e
Proof: Suppose
—_ im(M—) rm(A;) lm(.\’r )
TTovogs = | Me—e ) A—e N ) Ne——e i) | fi=12...u, b€
any group of CSVNNSs. Then by using Definition (11), we have
o (f)
S
Hygpy  ff2m | 1- lan fi=t
m I-o(ff)
I Gy v— D DN :
H Tk
of) Tz o _
125 ZM H CN—o(ff) —
Ff=1 THff () ()
(! (!
_ Hif _ Hf
Ho(if)  ffor A& oot ffow | i
L i TT_ (e ~om TI;
—p O ff I-a(ff) _, Hys I-o(ff)
.A ff=1 e , fi=1 e

TR o) TIro(s)

(25)
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Then,

Mo 7’27 "
CN—o
fo ; ()

Thus,

i g ‘1cN-o
fo | Hy ()

1

®U€§M H

ff=1

o€s,

62

- (1-

7y e | 1- (17/\/1

.

Ho(f)
12
Zﬂ:l Hig

7if

H
W ,f(ﬁ)ﬂ TI1 o(ff)
- et 7 e
TTroj)
o (1)
. "Se Hig
Z ~ Ho) 7z fiow | 1- | 1—a =i
yys
Hyg I-a(ff)
1— 11— = e
TIR o)
H
" v(ff)
frm H
o (51) 7z fom | 1- | 1-nv 2= -1
. o it TZ1-o(f)
1-[1-N e
TZr-ofs)
u HZ Ho )
I-J]f{1-(1-M it 1F
o8, =1 TIr—o(f)

u o (5)
T
A fo:l Hif

TTr-ofs)

i

(1o

T} g(f)

ff2m | T Lo,

ff2m Hnegﬂ

Ao i)
—,,
fo1 L

:

IHﬂl

171_[%:1

i

1-WV.

7w

&

G
fol it

TI1 o)

Ho(sf)
i1 S

TT1_o(if)
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Then,

1
1 = Qi 71
m @aegﬂ H

Hogf) ==——= &
tmi—r— T Zon-o(if)
fi=1 ( fo:l Hff

_ 1
H T2er N p =
(i) 725 i “
m /Lﬁ f Zﬁzlﬂif
1I-(JI(1=-1II|1-(1—-M f=1
ocs, =1 TIr—o(f)
— 1\ —=1t—
o) 7t AN
" H.
2 | 1— - - 1-Me—n— fi=t T

ff Hnegﬂ fi=1 ( T1-(H) )

e )
H — 1\ -1
o(f) 7 ul =

u Sy ! D 7

I— 1= TIl1-I1f1-1-AEZ=2

oes, =1 TIr—o(s)
— 1 L
“Zf:(m 7\ \ M\ Do
_ Hif
ffor [ - 1= TLeo | :-TT5o | - | 1-A=2
" TI)_o(s)

e bl
H f— A\ =1
a(ff) 755 ! noas

a MZ;IFIH“ 2. 77

11— li=-11l1-[1=-NE=i

o€s, ff=1 TIro(ff)
= 1\ =1t =
o atif) 7\ \ 7\ Dot A
[
f
far | 1= 1= | L 1—]_[’;H 1-| 1-W. Z”*‘
o - TT1o(j)
e

Hence proof.
Moreover, by using the presented operators, we elaborate on the
principle of monotonicity, boundedness, and idempotency.

Theorem

for (M ) fior (,4 - ) for (\ )
TIcn-j5= | M==e ) Ae—e ) Ne——e e/ =12, Ity

TTiy VT Ty

be any group of CSVNNs. If TZcy 5 <TZcy-55, ie.

< Mz , > Az SN > Nz and
TIps TIx s ITrgi TZx g TIri TIp
<ME__ A > AL N > Ni_, then
T TI, 5  TTig TZr 5 TTig TZ 5
CSVNPMM (TICN,I, TTon 2ee--s TICN,M)
(26)

< CSVNPMM (TZon 1 TZen 2 s+ T oon )

Proof: Suppose TZon-1i <TIon-v ie.,
M < Mz JA > Ax SN > Nz and
TIp-s TZx g TIr TIx g  TIrjf TZx 5
A > AL N——=>Ni__ thenwe
T~ TIy I  Toy  IIig  TIrq
prove that Equation (26) is true. First, if M=—— < M , then
TIp-s TIp s
Ho 5) Ho )
e e
1-M ZJUZIH”Z 1 - M 2 i where
TIr-oi) TZr (i)
Hy =1 and Hyy = 11 $(TZey ¢ ), thus,
Bl i) o)
M=y, He~
o (1= M ) 2 — (1= M) 2
TZr-oi) - TTr o)
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then,
H =
" u% 72if
N (TG
- TZr-of)
ff=1
B\ 21
2 Iz
>1-] 17(17/\/17* )Z;ZIH“ :
TTrofs)

where o is the permutation of (ff = 1,2,..., ). Therefore

Ho ) i ﬁ Zu‘ —
7" I fi=1 71
1- 1- 1-(1-M 2B
(H ( H ( ( TIx m))
€S, ff=1
B e\ 7\ \ 7\ T
<|1- =T 1= (1= M=) 257 :
- TIr-o(s) ’
= ff=

wheres, is the group of permutations of ff = 1;2;..., u, for different

values of P = (71, 723,..., 72,,) € R*. Similarly, we determine for
the unreal part of TG, such that

J— 1 1

H, o u =
u i 72if i P

1- 1- 1 (1 M) 2

(H ( H ( ( 71, mff))
= =1
“ " Ho(55) /1:7; ul'
<|1- 1- 1- (17/\4* > 2
= =1 TI1-o(s)

*

In another case, suppose A—= > AL___
TTr s TZIp 5

2l

, then obviously,

1\ et
; =
" Zw—; &

" #E"'nw\ 7
2 Hpp
1-|1- 1-— 1—(1-AZ"
H H ( ( ATIR f ) )
0€s, f=1 o(ff)
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For FG, we have

= S R S
P g\ \ P\ ST
1—|1- 1- R VA
01;{ 71:[1 TIrofff)
By5p) 7w\ \ Z"‘ =
w - T
- - Tl ’
€S, fi=1 (

1

= 1 —
" Mizﬂ',z’mﬂn 2 " Zé}qm
1-|1- 1- 1— | 1-N =M
5 fi=1
Ho 51) Zi\ \ A Z/A‘
I /‘Z,} . fi=1
>1-|1- H 171_[ 1— |1 - N =
o<5, fi=i TLitn

Then by using Definition 4, we have

CSVNPMM (TICN,I, TTon 2y TICN,M)

< CSYNPMM(TZen 1 TTen 2 -+ TICN,‘[) :

Theorem 3: Let

o S O Y

TIowy = | Mg—e A ) Ne i) | ff=1.2....u, be

any group of CSVNNEs. If

ff2m (mm,, MT> ffor (m;lx" A= >

- 3 R ff P ff

Ten-if = | ming MTIH; e 1/ maxgg Ame s,

223 (umx;; \7> ffor (,w:) ffor (A’:> 723 (.w'*:)

maxg; NV; e Ty = | Me—e ) A—e /) N_—e ™/,
TIg s TIx TIx TIy

and

ffox (n};n *F) o <mmﬁ N?)
e 1/ ming Ne===e i1/), then

ming; A:
ff TIp 5

TIp-55

TIcon-g < CSVNPMM(TICN—I’TICN—Z: . >TICN—;4) < TICN—fer
(27)

thus,

Proof: Suppose, ming M—=— < M

TInsi —  TIagi

minﬁ Mf < M

< , then
TZai

TZr-o(if)

o(ff)

W m
) mewffj

TIpt TZr—o(s)

o (5)
[ T
(1 - minﬁ M—) Z,”*l ﬁﬁz (1 - M

then,

Ho i) o ()
m

= M
Z/fr:lﬂffg 1-(1-M fole“7
TTr-oir)

1- <1 — min M
ff

TIp-st
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thus,
— L -
" “Zj:(mw & “ Z?H’Tﬂ
. — A_z1- (1= ] (=1 -1 - A= ,
" w :(fi) 7§ TI, = ff=1 TI1 o)
I1{ 1= (1 -minme=e) 2"
i ff TIg s
ff=1
and
. —
(ff) i _
" n : H, I I\ =
Z _, Hyf " P 7(“) 725§ I Z/": b
< H 1_(1_M71H(m) " ' Ne—>1- 1= | [T{-1I(2- 1 - N 1
ff=1 TIx e, fate TIrofsf)
then,
_ .
— o, 7y AN
H 15 1 7ff
o(ff) 725§ " Z" Hi; fi=1
L IS Ne—>1-|1- 1- - 1-N =
. H = = .
H 1-— H 1— 11— min M— fo:l ff 71, (,I;‘[ ﬁl;l; TIo(5)
J i TIp-sf -
0ES, f=1
H e
(i) 7
" WS~ i Then,
>I[ 1 -T](1-(1—-Mm fiet
- TTrofsr)
0ES, ff=1
() ) )
M—__e ™/ A—_e ™) N_—_e T
TIx TIx TIx
Therefore,

TIp s

. e \ 7\ \ P\ S < CSVNPMM(TICN,l,TZCN,Z,...,TICN,M)
1- 1— 1— (1—17%%n/\/1 ) =11
o€ ff=1

Similarly, we determine

P P ’”sz 7 f ﬁ
< 1—<H<1—H<1—<1—MT> :,:,‘”w> ))
cs, i R-afif)
CSVNPMM (TICN,I, TTon 2ee--s TICN,M)
o ff2m (M*:) ffor (A*:> iz (N ':)
implies that < | MEi_e ) AL e ) NI e T
B TIx TIy TIy
. an \ 7\ \F\ S5
o (- (o))
Rt 65, - R-offf) . . .
c = From the above information, we determine
Similarly, TZon g < CSVNPMM (TICN,IJICN,Z, . ,TZCN,H) <TTon i

1 uz“,f”” N\ i
- < — — — — ot i
Mﬁ* ! UEH ! ﬂl—:Il ! (1 MTL,"(")) ‘ Theorem 4: Let

ff2m <\4?) im:(AT) ffam (\?>
TIen-55= Mﬁe L A== /N e o =12, sy

3y € 3 IV ——
TTin TTon

be any group of CSVNNs. If TIZcy-si =TIy, then

CSVNPMM(TICN,I,TICN,Z,...,TICN,M) =TTon (28

65



Journal of Computational and Cognitive Engineering

Vol.1 Iss.2 2021

Proof: Suppose

() () ()
Iengi=TZcen = MT:IRE /) A=—e (v = /) |,

TTx N TI,

then by using Equation (24), such that

CSVNPMM(TZey-1. TZen-o - ’TICN,H)

Hypn ——\"" \ 05
Iz ugﬁ})ﬂ TZen-ai) !
ff=1 THf

1 I3
= EEBUE:,A H

=1

= (E‘E H(u TICQ > - (5 (WTTe) ) =TT

ff=1

Moreover, based on Equation (24), we elaborate different specific
cases of the initiated works by using the value of parame-

ters P = (21,722, 72,) € R~
1. For P = (y,0,...,0), Eq. (24) is

CSVNPMM(TICN,1 TN TICN,H)

(29)
which is called CSVN prioritized weighted averaging (CSVNPWA)
operator.

2. For P = (1,0,...,0), Equation (24) is

CSVNPMM (TICN,I, TTon 2ees TICN,M)

66

which is called CSVN generalized hybrid prioritized weighted
averaging (CSVNGHPWA) operator.
3. For P =

(1,1,0,...,0), Equation (24) is

CSVNPMM (TICN,. Ty TICN,“)

1 Hy) = Hyp) == :
= | — Does, TZon-—ot) (1) TZon—or)
(M! = < iy Hig T @
w <
— . . TZ(,N f
w =1, ZH L

ff#j

'TI
zj ) CN ])

(31

which is called CSVN prioritized BM (CSVNPBM) operator.

= tt — tterms
4. For P = ( iy , lf—fa ), Equation (24) is
1,1,..., 0,0,...,0
CSVNPMM (TICN,l, TTon areees TICN,M)
2ult Hip, ——— t
= ( Bresif i< <f<u D)= (WTICN%»
s=1"7s

which is called CSVN prioritized MSM (CSVNPMSM) operator.

Definition 15: Let
w))ﬂm ..... n, be

— lizzs (,\4” ) ff2r (%) ffam ('\
TIon—i5 = — ) A= 1) Ne=—=e
i Ty N

any group of CSVNNs. The CSVNPDMM operator is stated by

CSVNPDMM (TICN,1 TTon e s TICN,M)

) Hoti) \ 1
= | I ¥ (FTZovom ) =" | G3)
fo 1 725 €5,

Theorem 5: Let
m = (,’Vlmemﬂ (Mm ry) .Amem” (AH, v) "VTIM eiilfr <\”tv)) =12, 1y

be any group of CSVNNSs. Then by using Equation (33), we determine
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CSVNPMM (TICN,I TZenar--es TZCN,M>
H f— 1\ =1
o (i 7 T wo—
A HZ“(I )IFIH ! ! Zﬂ:l’”
I— (1= TII|1-I](1—-{1-ME=
o€s, ff=1 TZr-os)
= 1 !
" Z”am) 7if u T
o
1 ff
flaw | 1- | 1- =TT - | e
[, = T o(f7)
e bl
H50) Z 5N =
1 K m " N\ i
I- (I 1=TI]|1-(1—-A fi=1 11
ocs, fF=1 TZr-o(s7)
(39)
= 1\ —1t—
oot \ 7\ \ P\ Dt 7
" H
2z | 1- A | A== fi=t 11
H"e&“ fi= ( TT1 (1) )
€ b
H, T I\ <t =
w :(ff)H 2§ u Z?{—lﬁ
I—(TIlr=T11(1-(1-N fi=t 1
€5, ff=1 TTieor)
— 1\ —=1—
AR A YA
" H.
ffam | 1- =T -1 N=— fi=1 11
Hoes“ Hﬁ ! ( T} o(f)
e
Proof: Omitted. .
Proof: Omitted.
Moreover, by using the presented operators, we elaborate on the
principle of monotonicity, boundedness, and idempotency. Theorem 7: Let
TTovy = (w*(“—)A”(—)\ ‘(—))le ,,,,, w be
Theorem 6: Let
( ) ( ) ( ) any group of CSVNNEs. If
[ for | M—= ffor | A— fiam | N
TIen-55= (Mﬁe e ‘Aﬁe Th-n .J\/ﬁé‘ T ).fle,z ~~~~~ > be 12 ming; M )
= if /
* . TICN*ff = mmff M_ TH-if s
any group of CSVNNs. If TZgy 4 <TZen_g5, 1€, T
* .A > JA* N >N* and fon(maxﬂ = > iiZn(muxﬂ,‘\/’ )
TIps — TIR,;77 TIpss — TIR,”7 TIri —  TIpg max A: e Th-ff , maxss N e it =
TIp 5 TIp s
<M, > A > N, then m,,(w:) m,(,%) ,ﬂ”(ﬂ,,:)
TI14 TIr g T TIr 5 TTig TI; g M—e T A T N=—e /), and

CSVNPDMM (TICN—lv TTon 2reees TICN—M)

< CSVNPDMM(TICN,{, TN s TICN,,[) (35)

R

TIx TI

" wn(M‘:) f
TIcongi = | Mi—e ) AL e

mn<m‘u—u,\477 )
m:\x;;/\/ITI ¢ T/ ming A
o

far | AL o | N
) Nt_e I —=
T,

Iy

ffor (mm‘\ A—)
TIn .
e i/ mingg N

25T [ —
e TIp g
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then

TIovg < CSVNPDMM(TICN_I,TICN_Z,...,’TICN_M) <TTonii
(36)

Proof: Omitted.

8: Let

ffz::(.w‘” )
) =120,

be any group of CSVNNs. If T7Z¢y_s5 = 7Zcy, then

Theorem

ff2n (M”—)
— it
TIc 5= Mn’we A:

(=)
e i) N

s A== Ne=——e
TTpji TIpss

CSVNPDMM (TICNfl 5 T:Z-CN727 ey TICN*/L) = TICN (37)

Proof: Omitted.

5. MADM Method Based on CSVNSs

In this analysis, we elaborate an MADM technique by using the
investigated works under the CSVNSs to resolve a realistic DM
dilemma. The genuine life example is illustrated below based on
the initiated operators under the CSVNSs.

5.1. Decision-making techniques

To handle inconsistent and ambiguous data in genuine life
dilemmas, we take a group of alternatives and their attributes in
the shape of TZ,r= fTIAT,l,TIAT,Z,...,TIAT,m} and

TT, = {’TIAL,17 TLar 2y -y TIAL,H}. The experts provide
data in the shape of
Ty - (Mﬁf“ (=) A (=) Noe (i) ) Ff=12...1 that
stated the CSVNSs, where
W (3) = o (3 (50 u_(3) < a (3) (50, and
V@) - v@0TO) with 0 M+ Ae + N <3

and 0 < MTI + A + /\/— <3. Based on the study, we elabo-
1

rate a DM procedure, whose stages are illustrated below.

Stage 1: Initiated the matrix in the shape of CSVNSs. If the data are in
the shape of benefits, then it is ok, but if the data are in the shape of cost
types, then the matrix is normalized by using Equation (38), we have

ffar | M.
M=——=e < ""“),
TIps :
o | Ne—=
)
TIy ’

o ( 47> fox (vz)
A e i) N e——e Th-ii for benefit types

TII(*W TIIK*N
fon <A=> ffor (\A=>
e ) M e -t for cost types
(38)

711{4? TIK*W

Stage 2: Find the Hyy;, ff = 1,2,...,
that

m,, by using Equation (39), such

1 j=1

Hi i E(TICN,k) =121 39)
Stage 3: Under the principle of CSVNPMM operator and
CSVNPDMM operator, we determine the aggregated values of the
original matrix.

Stage 4: Investigated the SV of the accumulated values.

Stage 5: Determining the ranking values of the SV is to examine the
best optimal.

5.2. llustrated example

The information of this numerical is taken from Garg and Rani
(2019). Let we choose the five alternatives such that Zensar Tech
(TZpr_1), NIIT Tech (7Z 47_,), HCL Tech (7Z 4r_3), Hexaware
Tech (7Z 4r_4), and Tech Mahindra (7Z 47_5), and the determina-
tion is held based on the various models, in particular, innovation

skills (7Z 4;_,), administration quality (7 Z 4; _,) project executives

(77 4;_3) and industry experience (7 Z 4;_,). Under the above con-
sideration, we elaborated a DM procedure, whose stages are illus-
trated below.

Stage 1: Initiated the matrix in the shape of CSVNSs as in Table 1.
We know that Table 1 covers all the benefit types of data, so no need
to be normalized.

Table 1
Original decision matrix

@

&

AL-1 AL-2
Car s (O 9¢f127(08)  8¢1127(0.7) () 7,fT2(06) ) (0 91¢ff27(081) 0 81,f27(071) 71 ff27(061) )
Car2 (0 8elf21(06) 0 56ff27(0.2) ( 7ff27(0-4) ) (0 81¢ff27(0:61) ) 51¢ff27(0.21) 9 71 ff2n(0.41) )
Car (O 9¢ff27(08) (. 1¢f727(02) ) 4¢ff27(03) ) (0 91ff27(081) o 11ff27(0.21) g 41ff2m(0.31) )
Cur s (0 7¢ff27(0.6) ( 5¢1727(03) o g¢ff2n(04) ) (0 71e/27(0:61) 0 51,f27(031) g 41f27(041) )
Caur = (O 7¢ff27(05) () 5¢1727(04) ) 6,ff27(04) ) (0_71(;)“271(0.51)7 0.51¢ff27(0.41) g g1ff2m(0.41) )
TIars TIprq

Cars (0 92¢f127(0:82) 9 821727(0.72) g 7pff2m(0- 62)) (0 931727(0.83) ) 831727(0.73) g 73ff27(0- 63))
Cars (O 82¢f127(0:62) ) 591727(0.22) g 75 ff2m(0- 42)) (0 83¢fT27(0.63) () 53,fT27(0.23) 9 73ff27(0. 43))
Car s (O 92¢ff27(082) 0 12¢f27(022) ) 42¢7727(0- 32)) (0 93ff27(0.83)  13¢ff27(0.23) 43ff2m(0. 33))
Cara (0 72¢fT2(0.62) ) 52,f127(032)  42fF27(042) ) (0 73¢ff2m(0:63) (. 53¢ff27(0:33) () 43,ff2n(0- 43))
Car s (O 72¢fT27(0.52) ) 52,f127(042)  62¢fT27(042) ) (0 73ei727(0.53) () 531727(0.43) ¢ g3fT2(0. 43))
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Stage 2: Find the Hyy, ff = 1,2,...
such that

,m,, by using Equation (39),

0.3666678 0.136889

0.133333 0.018667

1 0.052018
1

1 0.233333 0.052889

1

1

0.002738
0.011636

0.001209
0.013813

Hiy; =
0.1  0.010667
0.233333  0.056

Stage 3: Under the principle of CSVNPMM operator and
CSVNPDMM operator, we determine the aggregated values of the
original ~matrix  that are discussed in  Table 2

For CSVNPMM operator:

TTpr-42TTpr32>2TLpr 3 2TTyr 52 TLyr

For CSVNPMM operator:

TZar 4 2TTpr 22 TTyr s >TITy 32 TIyr,

The best optimal is 7Z 47_4. Under the presented works, both oper-
ators are given the same results. Moreover, to determine the
consistency and flexibility of the initiated works based on CSVNSs,

Table 2
Expression of the aggregated values

CSVNPMM operator

CSVNPDMM operator

0.3480¢1T27(0-3236) () 6043fT27(0-6334)
0.6334¢l127(0:6577)

0.2402¢1127(0-2203) () 6808 fT27(0-7517)
0. 6343eff2n(0 7027)

G:/le1 (
Cars3 (0 2965¢127(0.2785) ( 7858f727(07513)

G:AT—Z

0. 7024eff2ﬂ<0 7253)
0.2125¢ff27(0-2041) | 6809,ff27(07257)
0. 702861‘]‘27[(0 7028)
0.2689¢1T27(0:2450) () 68(5¢fT27(0-7024)
0. 6582eff2ﬂ<0 7024)

Car—s4

Car—s

0.5628¢1127(0-6043) () 3736,fT27(0.3061)

0. 3061eff2”(° 2906)
0.6054¢f127(0-6585) 0 2111 ff27(0.1766)
0. 2297eff2n(0 2013)
0.5640¢f727(0:6050) 9 1770¢ff27(0.199)
0. zzggeﬁzn(o 2163)
0.6344¢ff27(0-6586) () 1958,f27(0.1771)
0. 187()8?{271(0 1870)
0.6339¢727(0-6805) 9 2450,ff27(0.2326)
0. 25688“2” (0.2326)

for 7Z = (0.1,0.1,0.1,0.1).
Table 3
Expression of the SV of the accumulated values
CSVNPMM operator CSVNPDMM operator

S 0.6190 0.0197
AT—1

S 0.7697 0.1483
AT -2

Cor 2 0.7966 0.1152
AT—-3

C.r . 0.7985 0.1819
AT—4

S, 0.7432 0.1158
AT -5

Stage 4: Investigated the SV of the accumulated values that are
illustrated in Table 3.

Stage 5: Determining the ranking values of the score values is to
examine the best optimal, which are discussed below.

we compare the presented operators with certain existing operators in
the next section.

5.3. Sensitive analysis

To handle ambiguity and inconsistent data, the elaborated
operators are massive, dominant, and more flexible compared with
other theories. To prove that the initiated operators are massively
superior to the existing operators, we choose some prevailing
ideas based on IFSs, CIFSs, SVNSs, and CNSs to prove that the
initiated principles are massive and dominant. For this, we choose
the following prevailing operators: Garg (2018) initiated the PMM
operators for NSs, Xu et al. (2019) developed the power MM
operators for interval-valued IFSs, and Liu et al. (2019) elaborated
the power MM operators for SVNSs. The accumulated result is
discussed in Table 4.

The prevailing operators under the IFSs, SVNSs, and interval-
valued IFSs are not able to determine the information in Table 1. The
geometrical form of the data in Table 4 is provided in Figure 1.

Table 4
Expression of the sensitive analysis for the data in Table 1

Methods Score values

Ranking values

Garg (2018)

Xu et al. (2019)

Liu et al. (2019)
CSVNPMM operator

CSVNPDMM operator

Cannot be Calculated
Cannot be Calculated
Cannot be Calculated

0.6190, 0.7697, 0.7966, 0.7985, 0.7432
0.0197,0.1483,0.1152,0.1819,0.1158

Cannot be Calculated
Cannot be Calculated
Cannot be Calculated

TTar-a>2TTyr 32 TLur2>2TTpar52>TLyr
TZar—4>2TLpr 2 > TLpr 5 >TTpr 32Ty,
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Figure 1 5.4. Advantages

Graphical shown for the data given in Table 4
The principle of CSVNS is massively extended than the

ps : i 1 _ prevailing theories. In this analysis, we illustrated the specific
0.7 cases of the initiated CSVNSs, which are discussed below.
06 T
m Garg [36] g 05 1. For
m Xu et al [38] B g , ( :)
Liu et al. [39] E 03 .A;( > A_( ) ff2m 72,( ) :O.eﬁZn(O):OJ:O,
[ - C
CSYNPMM opermor i the CSVNS is changed to CIFSs.
m CSVNPDMM operator l
0.1
5 __,__I__'__ __I 2. For
1 2 3 4 5 =
Alternatives A (E) = A— (_) ff2n< 711( )) — Olefon(O) =01=0
TIc TIx ’
and
ffzn( (?))
/\/7( ) N—( ) i = 0.6 = 0.1 = 0,
Tc

If we consider the value of unreal parts is equal to zero in Table 1,

then the accumulated result is discussed in Table 5. the CSVNS is changed to CFSs.

Table 5
Expression of the comparative analysis for the information in Table 1 (without imaginary parts)

Methods Score values Ranking values

Garg (2018) Cannot be calculated Cannot be calculated

Xu et al. (2019) Cannot be calculated Cannot be calculated

Liu et al. (2019) 0.4288,0.4598, 0.5239, 0.4992, 0.4813 TZar 3> TZar2>TZars>TTar s> TTar s
CSVNPMM operator 0.3177,0.3587,0.4129, 0.3981, 0.3702 TTar 3> TZara>TTar5>TTar 2> TTar
CSVNPDMM operator 0.0130, 0.0555,0.0703, 0.0971, 0.0683 TZar2>TZar3>TZars>TTar 2> TTar s

3. If we choose 107, 17, [0~,3"] instead of [0,1],[0,1], then the

The best optimal is 7Z,r_; by using Liu et al. (2019) and
P Ay 2 ( ) CSVNS is changed to CNSs.

CSVNPMM operator. The CSVNPDMM operator gives a different
result, which is 77 4_,. Moreover, we explained the advantage of 4. For MT—L = A?L = N = =0, the CSVNS is changed to

the developed operators with the help of their structures. The geomet- SVNSs.
rical form of the data in Table 5 is provided in Figure 2. 5. For Me—, = A— ./\f: —0, and A— (E) —0, the
CSVNS 1Ts change(f to IF Ss Tr
6. For M==A==N==0, and
. T TI, 7T,
Figure 2 A_< ) /\/'_( ) =0, the CSVNS is changed to FSs.
Graphical shown for the data given in Table 5 Ty
06 Under the above points, the principles of IFSs, NSs, SVNSs,
CIFSs, and CNSs are the specific cases of the initiated CSVNSs.
03 Therefore, the elaborated works based on CSVNS are massive,
04 -l -I attractive, and more dominant to determine the supremacy of the
WGarg [36] initiated works.

m Xu et al [38]

m Liv et al, [39] 6. Conclusion

Score Values
[=]
w

o
¥

CSVNPMM operator
The certain individual has employed the principle of PMM

= heN s w aggregation operator in the environment of distinct regions. The
0 e 2ol - _ - main goal of this study is discussed below.
1 2 3 4 5 1. We initiated the CSVNS and determined their important algebraic
Alternatives laws.
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2. The principle of CSVNPMM operator and CSVNPDMM
operator is elaborated and their particular cases are discussed.

3. A MADM procedure is explored under the presented operators by
using the CSVNSs.

4. Numerous examples are illustrated to determine the advantages,
sensitive analysis, and geometrical expressions of the proposed
works to find the supremacy and flexibility of the
initiated works.

In the future, we will adjust the hypothesis of complex g-rung
orthopair fuzzy sets (Ali et al.,, 2020), complex spherical fuzzy
sets (Ali et al., 2020), complex T-spherical fuzzy sets (Ali et al.,
2020), linear Diophantine fuzzy sets (Riaz & Hashmi, 2019),
Pythagorean m-polar fuzzy sets (Riaz & Hashmi, 2020), and
T-spherical fuzzy sets (Balin, 2020; Guleria & Bajaj, 2020; Liu
et al., 2019; Mahmood et al., 2019; Riaz et al., 2021; Wu et al.,
2020) to advance the excellence of the created works.
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