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Abstract

This paper introduces the concept of cubic spherical neutrosophic sets (CSNSs), a geometric representation of
neutrosophic sets, as well as a specification of its operational principles. In CSNs, two aggregation operators
are investigated. The shape of CSNSs represents the evaluation values of alternatives with respect to criteria in
a MCDM strategy based on the two aggregation operators and cosine distance for CSNSs. The cosine distance
between an alternative and the ideal alternative is used to rank them, and the best alternative(s) can be selected.
A numerical example concludes by demonstrating the use of the suggested method.

Keywords: neutrosophic set; cubic spherical neutrosophic set; cubic spherical neutrosophic aggregation
operators; multi criteria decision making.

1 Introduction and Preliminaries

The neutrosophic set (NS) presented initially by Smarandache®!” generalizes an IFS from philosophical point

of view. Truth, falsity-membership, and indeterminacy are NS attributes that are independent in nature func-
tions. Numerous sets are introduced as a generalization of NSs, and their properties and applications are stud-
ied. These sets include interval valued NSs1° single valued NSs 12 bipolar NSs# multi-valued NSs.© simpli-
fied NSs 2 Type-2 NSs2 Possibilistic NSs.H Trapezoidal NSs 42 Linear Diophantine NSs.2 Quadripartitioned
single-valued NSs? Pentapartitioned NSs,¥ Interval Valued Pentapartitioned NSs'?and refined single-valued
NSs'# Additionally, the neutrosophic theory extends to include number theory, operations research, algebra,
topology, graphs, probability, and numerical measures. Furthermore, statistical terms like level of significance,
confidence interval, and central limit theorem. The field neutrosophic set theory is applied in many filed which
includes logic in image processing, large-scale image and multimedia processing, machine learning, big data
analytics, deep learning, data visualization, feature learning, classification, regression, and clustering, virtual
reality, heterogeneous data mining multimodal sensor data, wireless sensor networks, astronomy, space sci-
ences, boinformatics and medical analytics, retrieval of medical images, brain-machine interfaces and medical
signal analysis and large-scale health care data.
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Table 1: The acronyms used in the current research have been listed below:

Acronyms Expansion
NS Neutroshopic set
CSNS Cubic spherical neutrosophic set
CSNWAAO cubic spherical neutrosophic weighted aritheoremetic average operator
CSNWGAO cubic spherical neutrosophic weighted geometric average operator
MCDM multi criteria decision making
DM Decision Making
MINI Minimum
MAXI Maximum

2 CUBIC SPHERICAL NEUTROSOPHIC SETS

Let’s assume a fixed universe X and its subset csA. The set
csA, = {< x,csp(x), csv(x),csn(x);p > € X}

where csp, csv, esn : X — [0, 1] are functions such that cspig + csva + esna < 3 and p € [0, 1]. The radius
p of the sphere with center (csu(x), csv(x), csn(x)) inside the cube or cube inside the sphere is called cubic
spherical neutrosophic set (CSNS) c¢sA,. This sphere represents the membership degree, indeterminacy degree
and non-membership degree of x € X.

Let {< espi 1, csv;1,¢8Mm1 >, < €Sl 2, CSVi 2, CSNi 2 >, ooy < CSLUi ks s CSVi iy » CST)i ;> be a collection of
NSs assigned for any x; in X. We construct the center of the sphere by

k; ki k;
Dojl1CSlig Dol sV Dol csnig -

< esp(wy), esv(zy), esn(a;) >=< " , " , i (1)
and the radius using
pi = min {131% \/(CSM(%) — cspig)® + (esv(wi) — esvi)? + (esn(z:) — csmij)?, 1} @
SR
Then the spheres inside the cube or cube inside the sphere is
csA, = {< zy, esp(x;), esv(x;), esn(x;); p > x; € X} 3)

The possible spheres inside the cube or cube inside the sphere is represented in the following figure:

e (0

Figure 1: Geometric representation of CSNSs

Example 2.1. Let {< 0.9,0.1,0.1 >, < 0.8,0.2,0.15 >< 0.65,0.35,0.3 >< 0.5,0.5,0.5 >} and
{< 1,0,0 >,< 0,1,0 >, < 0,0,1 >,< 1,1,1 >}, be the collection of NSs. Then the CSNSs are
esA, =<0.71,0.29,0.26;0.38 > and csA4,, =< 0.5,0.5,0.5;0.87 >}.
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Figure 2: cubic spherical neutrosophic sets

Definition 2.2. Let A = < cspy, csvx, €snx; P >, A1 =< CSfhxa,, CSVA,, CSTA, 5 Pay > and Ao = < CSlhx,, CSVUxy, CSTN, 5 Py >
be three CSNS over the universal set X, v € {MINI, MAXI} and o > 0. Then the following operations

are defined as follows

LA Uy Ao = (MAXI{cspx,, cspn, b, MINI{csvy,,csvy, }, MINI{csnx,,csnn, b v{pPr1, Pra}) -

2. M Uy Ao = (MAX I{cspn,, s, b, MAX T{csva,, csvn, b, MINI{csnx,,csnxn, } 7P Prn}) -

3. M Uy Ao = (MAX I{cspn, , cspin, b, MAXT{csvy,, csvn, b, MAXT{csnx,, csnn, b v{por, prs }) -

4. A1 Uy Ap = <MAXI{03/~L,\1,08/~L,\2}7 %, MINI{CSW,\I,CS??AQ};W{PA17PA2}> .

6. )\1 U’Y )‘2 = <MAXI{CSH“>\1 y CSH N, }7 ‘CSV}\I — CSV), ‘7 MAXI{CST]A1 5 CSTIN, }7 ’Y{pxl s Pa }> .

5.0 Uy Ao = ( MAX I{cspn, ,cspn, }, 1 — %,MINI{csml,csnAz};'y{pAl,pAz}> .
7. M Ny Ao = (MINI{cspr,,cspn, t, MAXI{csvy,, csvy, b, MAXT{csnx,, esnxn, b v{Pr s }) -
8. ANy Ao = (MINI{cspr,,cspr, }, MINI{csvy,,csvn, t, MAXI{csnr,, csmn, ;v {ors Prs ) -

9. M Ny Ag = (MINI{cspr,,cspn, s MINI{csvx,, csva, }, MINI{csnr,,csmn, b v{0r: Px0 ) -
10. A 00y Ao = (MINT{espa,, espin, b, 25522 MAX Hesny,, esm i v{pas ot ) -

1L A m'Y Ag = <MINI{CS,U,)\1,C$,LL)\2}, 1- %a MAXI{CST’)\UCSWAQ};PY{/))\Up>\2}> .

12. Ai Ny Ao = (MINI{cspn, , cspin, b, |csva, — csvn, |, MAXT{csnx,, csna, b v{or, prs }) -
13. A1 = Ao iff py, = p», and cspiy, = CSlin,, CSUN, = CSVx,, CSNA, = CSTx,-
14. Ay C Ao.iff py, C py, and cspy, C cspin,, CSVx, C CSVx,, CSTx, D CSNa,-
15. A1 C Ao iff py, C py, and cspy, C cspn,, CSVA, D CSVx,, CSTx, D CSNh,-
16. A1 C Ao iff py, C py, and cspy, C cSpin,, csVx, C €SV, €SN, 2 €SN, -
17. A1 C Ao iff py, C py, and cspiy, C cSpin,, CSVA, D CSVx,, CSNx, 2 €S, -
18. A1 € Ao iff py, C py, and cspun, C cSpin,, cSVx, C CSVx,, SN, D €SN, -
19. A1 C Ao iff py, C py, and cspy, C cspin,, CSVx, D CSVUx,, CSNx, 2 CSN,-
20. A1 D Aa.iff px; D pa, and cspun, D €Sty , CSUA, D CSUx,, €SNA, C CSNx,-

21. A1 D Aa.iff px; D pa, and cspun, D €Spin,, €SUA, C CSUx,, €SNA, C CSN,-
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22. M1 2 Aol iff py; D pa, and cspun, D €Spix,, CSUA, D CSUx,, CSTA, C €SN, -
23. A1 D Ag.iff py, D pa, and cspin, D €Sin,, CSUA, C €SV, , €SN, C €SN, -
24. A1 D Aa.iff py, D pa, and cspin, D €Sfin,, CSVA, D CSVx,, €SN, C €SN, -

25. A1 2 Xa.iff px; D pa, and cspun, D cSpin,, €SVA, C cSUN,, €SNA, C SN, -

26. \1@®Aa = (CSfin, + CSlin, — CSLx, CSlhry, CSUN, + CSUN, — CSUN, CSVx,, CSTIn, + CSTn, — CSTIN, CSTAL PAy + Pos

27. A1 ® Mg = (CSfun, CS iy CSVA; CSVNy, CSTIAL CSTNys PAr Ps ) -

28. ard=(1— (1 —csuxn)®1—(1—csvy)* 1 —(1—csm)*1—(1—pxr)2).
29. A* = (esp§, esvf, esnss pS) -

30. =\ = (csny, csVx, CSfip; PA) -

31. =\ = (csnn, L — numy, cspn; pa) -

32. 2A = (1 —espn, 1 — csvn, 1 — esma; pa) -

33. 2A = (1 — cspn, csva, 1 — csna; pa) -
Proposition 2.3. For any three CSNSs A1, Ao, A\ andy € {MINI, M AX I} the following results are valid,

LA Ny A = Ao Ny Ap
2.0 Uy dg = Aa Uy Ay
MDA =D A1
4 A ® A=A ® A1,
A1 Ny A2) NA3 = A1 Ny (A2 Ny A3).
AUy A2) Udg = A Uy (A Uy Ag).

5.(
6. (
7M@) B 3=MD (A2 D A3).
8. (A1 ®A2) ®A3 = A1 ® (A2 ® A3).
9. (A1 Ny A2) N Az = (A1 Ny Az) N (A2 Ny A3).

10. )\1ﬂ Ao U)\3:()\1 Ury)\g,)m()\gu,y)\g).
AL D /\3) n ()\2 D /\3)

AL ®@A3) N (A2 ® Ag).

11. Alﬂ A2) D A3 =

( )

( ) (
12. (A1 Ny A2) ® Ag = (
13. (A1 Uy A2) N Ag = (A1 Ny As) U (A2 Ny Ag).
14. (M Uy A2) Uz = (A1 Uy Ag) U (A2 Uy Ag).
15. (A1 Uy X2) @ A3 = (A1 @ A3) U (A2 @ A3).
16. (A1 Uy A2) @ A3 = (A1 @ A3) U (A2 @ A3).
17. 00y A1 = 1.

18 A Uy A = Ay

19. =(=A1 Ny =A2) = Ay Uy Aa.

20. ~(=A1 Uy =A9) = A1 Ny Ao
21 =(=A1 B X)) = A1 @ Ao,
22, 2(mA1 ®@ 2 Ag) = A D g
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3 CUBIC SPHERICAL NEUTROSOPHIC AGGREGATION OPERATOR

Definition 3.1. Let Ag (8 = 1,2, ..., 0) be a CSNS. Then the cubic spherical neutrosophic weighted arithmetic
average operator is defined as CSNW AAO,, (A1, A2, ....Ag) = 22:1 wpAg, where w = (wy,wa, ..., wy) T is
the weight vector of Ag(8 = 1,2, ...,6), wg € [0,1] and 2221 wg = 1.

Definition 3.2. Let A\g (5 = 1,2, ...,0) be a CSNS. Then the cubic spherical neutrosophic weighted geometric
average operator is is defined as CSNWGAO,, (A1, A, ... Ng) = ngl wpAg, where w = (w1, wa, ...,wp) T
is the weight vector of A\g(8 = 1,2,...,0), wp € [0,1] and 2?3:1 wg = 1.

Theorem 3.3. Fora CSNS \g(8 = 1,2, ...,0), we have the following result:
CSNWAAO, (A, Mg, o Ag) =

<1 10 ey = [0 =)= 1= [T O —esm)=s 1= ]10 pw“’ﬁ> @

p=1 p=1 p=1 p=1
where w = (w1, wa, ...,wp) 7 is the weight vector of \g(8 = 1,2, ...,0), wg € [0,1] and 2221 wg = 1.
Proof: Mathematical induction can be used to prove the Theorem.

Case 1: when 0 = 2, then
wiAd; =<1 —(1 —espx ), 1 — (1 —esvpn ), 1 — (1 —esmag )t 1 — (1 — pay )t >,
woda =<1 — (1 —espn,)¥?, 1 — (1 —esvn,)?, 1 — (1 —esmay )21 — (1 — pay )% >,
Thus, CSNWAAOM()\l, )\2) = Wi + wWaAs
= (2= (1= espa )t = (1= espag)*? = (1= (1= espn, ) 1) (1 = (1 = espa, )*2),
2—(1—csva)¥ — (1 —csvpng )2 — (1 — (1 — esva,)¥ ) (1 — (1 — csvy, )92),
(L—esmn, )t — (L—esma, )*2 — (L= (1 — csna, )1 ) (1 — (1 — esma, ) *2);
2= (1 =pa) = (L =pa)?? = (1= (1= px,)*" )L = (1 = pa,)*?))
= <1 - (1 CS[x, )WI(]- - CS,U,)\Q)UJQ, 1- (]- — CSVx, )W1(1 — CSVx, )wg 1- (1 - Csn)\l)wl(l - CSWAl)w2§
(

Case 2: when 0 = u, then CSNW AAO,, (A1, A2,y ... Ay) =
<1 - Hg:l(l - CS/"‘)\/;)LUH? ]‘ - Hg:l(]‘ - Csy)\g)u)ﬁ? 1 - Hg:l(]‘ - 6577&;)(%5 1 - Hg:l(l - p)\/g)wﬁ>

Case 3: when 0 = u+ 1, then CSNW AAO,, (A1, A2y ... Aut1)

= (1= T (0 = e, ) + (1= (1= espun,,)+%) — (1= TTma (L — csaa, J*0)(1 = (1 = esyin,)++°),
1-— ngl(l —csvp, )P 4 (1= (1 —csvy, ) ) — (1 — ngl(l - csw\ﬂ)“’ﬂ)(l - (1- csy)\ﬁ)“’“*l),
1= JTamr (1 —esmag )97 4+ (1= (1 —esma, ) +) — (1= [Ty (1 — esmag )7 ) (1 — (1 — esma, ) 1)
L= T (= pa) ™ (1= (1= pa,)0) = (1= TT5o0 (1= o)) = (1= (1= pa )=o)
<1 - HuH(l —csping)¥P, 1 — HuH( — csvp,)¥P, 1 — HuH( — s, )90 1 — HUH( pxﬁ)w‘*>

Therefore considering the above results, we have equation (4) for any 0, This completes the proof.

It is obvious that the CSNW AAO operator has the following properties:

(1) Idempotency : Let Ag (5 = 1,2,....0) be a collection of CSNSs. IfAg (5 = 1,2,....0) is equal, that is Ag
=Afor=1,2,....,0,then CSNWAAO,, (A1, A2, ....Ng) = A.

(2) Boundedness : Let A\g (3 = 1,2, ....0) be a collection of CSNSs,
AT =< ming cspy,, MaxXg CSVy 4, MAXg CST\ 53 Ming Py, > and

AT = < maxg cspiy, , ming csvy ,, Ming csny,; Maxg py, >

for (8=1,2,....0), then \= C CSNWAAO C \*.

(3) Monotonity : Let A\g (3 = 1,2,....0)) be a collection of CSNSs. If Ag C A} for 8 = 1,2,....,0, then
CSNWAAO, (A1, Mg, .. hg) € CSNWAAO,(NE, A5, .. \D).

https://doi.org/10.54216/IJNS.210418 176
Received: January 26, 2023 Revised: May 24, 2023 Accepted: July 26, 2023



International Journal of Neutrosophic Science (IJNS) Vol. 21, No. 04, PP. 172-180, 2023

Theorem 3.4. For a CSNS \g(8 = 1,2, ...,0), we have the following result:

0 0 4 o
CSNWGAO, (M, Az, ... \g) = <H esuss, [T esvi [T esmnss 11 pi’2> (5)
,8:1 le 621 6_1

where w = (w1, wa, ...,wp) 7 is the weight vector of Ag(8 = 1,2,...,0), ws € [0,1] and 2221 wg = 1.
By the similar proof manner, we can give the proof of Theorem 2.

(1) Idempotency : Let Ag (5 = 1,2,....0) be a collection of CSNSs. IfAg (5 = 1,2, ....0) is equal, that is Ag
=Afor=1,2,....,0, then CSNWGAO, (A1, A2, ... A9) = A.

(2) Boundedness : Let A\g (8 = 1,2, ....0) be a collection of CSNSs,
AT =< ming cspy,, maxg CSVxg, MAXg CST)),; Ming py, > and
M =< maxg CSfiy,, Ming CSVy;, MiNg CST)y 5 MAXG Py, >

for (8=1,2,....0),then \= C CSNWGAO C \*.

(3) Monotonity : Let A\g (3 = 1,2,....0)) be a collection of CSNSs. If \g C A} for 8 = 1,2,....,0, then
CSNWGAO, (A1, Aa, ... \g) € CSNWGAOLNE, NS, ... AS).

4 Decision-making method based on the cubic spherical neutrosophic weighted aggregation operators

The two aggregation operators and the cosine distance in cubic spherical neutrosophic environment are used
to handle MCDM situations in this section.

The DM process for the suggested methods involves the following steps:

(1) Based on the experts’ opinion, create the individual neutrosophic numbers decision matrix. Each expert in
the decision group is asked to rate the importance of each choice using linguistic criteria. Then, to translate
these language phrases into neutrosophic numbers, the corresponding link between linguistic variables and

neutrosophic numbers is supplied.

Let 1= {11, 12...109 } be a set of alternatives and let £ = {{1, &5...€p } be a set of criteria. Assume that the weight
of the criterion {5 (8 = 1,2, 3..., ), entered by the decision-maker, is wg, wg € [0, 1] and Zzzl wg = 1.

(6o¢,8)m><n = (CS/J,,\Q (6[3)7 CSV), (6[3)7 CSTIx,, (é-B))an

< p11,V11,M1 > < pa2,V12,M12 > . < Wik Vik, Mk >
< p21,V21,M21 > < [o2,V22,1M22;> ... < U2k, Vok, T2k >

(5aﬁ)m><n - ’ ' ' ' (6)
< Ue1,Vo1,Mo1 > < He2,Ve2,M02 > ... < Uk, Yok, N0k >

(2) Calculate the cubic spherical neutrosophic sets by using Equation (1), (2) and (3 ). The form of a CSNS is
used in the DM process to describe the evaluation data of the alternative A, on the criteria:

Ao = {< &a, cspn, (€8), csvn, (§8), csmn, (§8): pra (§8) > &p € &} (7

where 0 < cspx, (§p) + csva, (§) + csmn.(§p) < 3, espa,(§p) = 0, csva, (§p) = 0, esma,(§p) =
0, pr,(€g) > 0, 8=1,2,...0, and @ = 1,2, ...., k. The value of CSNSs is indicated for convenience by
(0aB)mxn =< PaB,Vas:Nas; Pap > - We thus obtain a cubic spherical neutrosophic decision matrix.
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(§a5)mxn = (CS/J,,\Q (§B)> CSVy, (§B)7 CSTIx, (66)7 Pra (56))m><n

< p11,V11,M1;p11 > < pi12,V12,M12; P12 > < UiksViks Mks Pl >
< W21, V21,M215 P21 > < W22, V22,7225 P22 > < W2k Y2k, N2k P2k >

(5aﬁ)m><n = (8)

< Ho1, Vo1, Mot; po1 > < He2, Vo2, M92; Po2 > < Hor, Vo, Mok} Por >

(3) Calculate the cubic spherical neutrosophic weighted arithematic values using Equation (4) and the cubic
spherical neutrosophic weighted geometric average values by using Equation (5). Determine the order of the
alternatives from the obtained measure values. The aggregating cubic spherical neutrosophic value (d,,) for A,
(a=1,2,.... K) 18 0o =< fhars Vas N P > = CSNWAAO,, (001,002, ---0ar) and do =< Lo,y Vo N Po >
= CSNWGAO,(6a1,0a2,----0as) is obtained from the Equations (4) and (5) according to each row in the
cubic spherical neutrosophic decision matrix (das)mxn. To rank alternatives in the decision-making process,
the ideal alternative is defined as 6% (0,1, 1;1).

1 HAUBFVAVB+NANE

m VAR e
distance between each alternative and the ideal alternative. Then, the bigger the measure value Cy, (4, 0} ) (ov =
1,2, ...,0), the better the alternative d,,, because it is close to the ideal alternative 6% (0, 1, 1; 1). The cosine dis-
tance between each option and the ideal alternative can be used to establish the ranking order of all alternatives
and simply identify the best one.

(4) Using the formula C(A,B) =1 — +1—|pa— pB] , compute the cosine

4.1 Numerical Example

The use of the suggested DM process in a practical setting, as well as its applicability and efficacy, are demon-
strated in this section using an example for a MCDM problem involving engineering options. In recent years,
there has been increased interest in maximizing the choice of green suppliers as a result of the escalating
environmental issues and the growing environmental consciousness. Given the circumstances, choosing eco-
friendly providers has received a lot of attention. In order to meet the expanding need for environmental
protection, many managers want to implement green supplier selection in their businesses either reactively or
proactively; they do this in an effort to outperform the competition. Because of this, it’s essential to choose
green suppliers wisely among other things. As a result, this issue is the attention of certain studies. Here we
consider the DM problem adapted from 12 Table 52 lists the evaluations of each expert according to the six
evaluation criteria. By converting the linguistic phrases to their corresponding neutrosophic values, we apply
Equations (1), (2), (3) and obtained the following CSNS decision matrix.

K4 &1 &2 &
1 (0.73,0.27,0.24;0.42) (0.7,0.3,0.28;0.36) (0.68,0.32,0.28;0.34)

vs (0.76,0.24,0.21;0.4)  (0.68,0.32,0.28;0.34) (0.81,0.19,0.16;0.27)
¥s  (0.71,0.29,0.24;0.16) (0.82,0.18,0.14;0.12) (0.71,0.29,0.25;0.39)
(6 )rmxcn = e (0.79,0.21,0.17;0.24) (0.68,0.32,0.28;0.34)  (0.78,0.22,0.2;0.50)
apsmn P &4 &s &6
1 (0‘74,0.2670.21;0.16) (0.7670.24,0.2;0‘22) (0.7,0.3,0.27;0‘36)
P2 (0.74,0.26,0.21;0.16) (0.7,0.3,0.27; 0.36) (0.73,0.27,0.24; 0.42)
Ps (0.73,0.27,0.24;0.42) (0,76,0.24,0.2;0.22) (0,73,0.27,0.24;0,42)
| Y4 (0.68,0.32,0.28;0.34) (0.65,0.35,0.32;0.28) (0.71,0.29,0.25;0.39)_

Aggregated cubic spherical neutrosophic decision matrix for each aggregation operators is obtained using Equations (4),
(5) and shown in the following matrix

P CSNWAAO

1 (0.72,0.28,0.25;0.30)
(6ap)mxn = |2 (0.74,0.27,0.23;0.32)

s (0.75,0.26,0.22;0.31)

s (0.71,0.29,0.26;0.36)
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0.73,0.26,0.22; 0.30)
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The aggregated CSNVs and the ideal alternative ¢* (0, 1, 1; 1) are compared or compared to each other using the cosine
distance. The following table displays the findings for the comparison of ideal alternatives 1)*(0, 1, 1; 1) to alternatives ).

Table 2: The results of cosine distance between ideal alternative and alternatives

Aggrigation Operator | C(¢1,9") | C(v2,9") | C(¥3,¢") | C¢a,9")
CSNWAAO 0.6203 0.6242 0.6374 0.5800
CSNWGAO 0.6326 0.6399 0.6620 0.5894

To further validate the effectiveness of our method, we conducted comparisons with the methods of Biswas et al." Ye, " and
Sun and Cai'® in the forms of NSs context. Table 3 shows that the ranking results achieved by Biswas et al.’s" technique,
Ye’s™® method, Sun and Cai’s'® approach, and proposed method are identical. 3 is still the best provider, while 14 is still
the worst.

Table 3: Comparative Analysis of Ranking

Method Ranking Best Supplier ~ Worst supplier
Biswas et. alX Y3 > Pa > P1 > Py 3 N
Ye'st® P3 > P1 > tha > 1Ya 3 Pa
a=0.5 Y3 > o > 1 > s b3 s
Sun and Cai'® a<0.2 Y1 > Y3 > P2 > Py Y1 P4
a=02 Pg > 1 > Yo > Pa P3 Pa
Proposed Method CSNWAAO-CD 93 > 92 > 91 > 94 3 o
CSNWGAO-CD  th3 > 1p2 > 91 > Uy Y3 Ya

In summary, we can say that our method offers a workable and adaptable solution to the issue of choosing a green provider.
According to the ranking order’s sensitivity to CSNWAAO and CSWGAO weights, the suggested strategy is adaptable to
deal with dynamic DM problems. The simultaneous consideration of experts’ inconsistent uncertainty, group decision-
making, and dynamic DM is another benefit.

5 Conclusion

The idea of CSNSs, a subclass of NSs was proposed in this study, along with some of their operational principles. A
CSNWAAO and a CSNWGAO are the two aggregation operators we then suggested for CSNSs. The cubic spherical
neutrosophic environment, in which criterion values with respect to alternatives are evaluated by the form of CSN values
and the criterion weights are known information, was used to apply the two aggregation operators to MCDM problems.
To rank the alternatives and choose the best one(s) based on the measure values, we used the cosine distance between an
alternative and the ideal alternative. A numerical example is then given to show how the developed approach is applied.
Because it can handle not only incomplete information but also the indeterminate information and inconsistent information
that frequently exist in real situations, the proposed CSN MCDM method is more suitable for real scientific and engineering
applications. The methods suggested in this paper can give DM more useful options. We will address group DM issues
involving incomplete decision contexts and preference relations in the selection process in the future. We will also apply
CSN aggregation operators to resolve real-world problems in other domains, such as expert systems, information fusion
systems, and medical diagnoses.
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