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Abstract:In this paper, a new concept of Neutrosophic Spherical Cubic Set (NSCS) is introduced as an
amalgamation of sets such as Neutrosophic, Interval valued, cubic and spherical sets. We studied the
concepts of internal and external neutrosophic spherical cubic sets and discussed their basic properties.
Further P-order, P-union, P-intersection as well as R-order, R-union, R-intersection are discussed for

NSCSs.

Keywords:Neutrosophic set(NS); Neutrosophic spherical set (NSS),Neutrosophic cubic
set(NCS);Neutrosophic spherical cubic sets(NSCSs)internalneutrosophic spherical cubic set (IntNSCS)

and externalneutrosophic spherical cubic set(ExtNSCS). Truth Internal/External- R — Int/Ext,

Inderterminacy Internal/External- J Int/Ext ,Falsity Internal/External —§ Int/Ext

1. Introduction

Zadeh [12] established the fuzzy set notion in 1965 to cope with probabilistic uncertainty associated with
inaccuracy of events, observations and desires.By the idea of fuzziness, the value of 1 is allocated to an

object that is fully within the set and value of 0 is allocated to an object that is totally outside the set, then
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any item partially inside the set will have a value ranging between 0 and 1, Fuzzy set along with it

generalizations has many real life applications [9,10,11].

Jun et al. [2] proposed cubic set which is a hybrid of fuzzy sets and interval valued fuzzy sets. They also
examined internal (external) cubic sets. By adding the falsehood (f), the degree of non-membership, and

various properties.

In 1995Smarandache [7,8] presented the concept of neutrosophicsets and neutrosophic logic.
Neutrosophy lays the groundwork for plenty of new mathematical theories that encompass classical and
fuzzy analogues. There are three defining functions in neutrosophic set they are truth T, indeterminate I
and false membership function F all of which are defined on a universe of discourse X.These three
functions are totally self-contained. The formation, nature, and extent of neutralities are all investigated in
the Neutrosophicset. The idea ofneutrosophic set is a generalization of idea of a classical fuzzy set and so

on.

KutluGundogu, Fatmaa, Kahraman, Cengiz [5,6] developed spherical fuzzy sets and spherical fuzzy
TOPSIS method. They introduced generalized three dimensional spherical fuzzy sets (SFS) including

some essential differences from the other fuzzy sets.

The spherical fuzzy set is a more dominant structures for coping with these situations. The idea
behind spherical fuzzy set is to let decision makers to generalize other extensions of fuzzy sets by defining
a membership function on a spherical surfaces and independently assign the parameters of that function

with a larger domain.

The motive of the paper is to introduce a new concept called NSCSs and to study theINSCSs and
ENSCSs that is truth, indeterminacy,falsity internaland truth, indeterminacy, falsity external
respectively. Also, we have investigated their properties. We showed that P-union and the P-intersection
of INSCSs are also theINSCSs. Examples are given to show that P-union and the P-intersection of
ENSCSs may not be ENSCSs. R-union and the R- intersection of INSCSsmaynotbe INSCS. Also, we have given
theconditionsfortheR-unionoftwoT-INSCSs(resp. [-INSCSsandF-INSCSs)tobeaT-INSCSs(resp.I-INSCSs

and F-INSCSs) NSCS.Some of the fundamental properties of NSCSs were also investigated.
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2. PRELIMINARIES

FUZZY SET [12]
A fuzzy set in a set S is defined to be a function £ S —)[0,1]. Define a relation < on [0,1]S as
follows (V21,2 €[0,1] ), (1 < 2 < (Vs € 8) (u(s) < A(9)).
NEUTROSOPHIC SET [7]
Let Sbe a non-empty set. A neutrosophic set (NS)isastructureoftheform:

Q={<517T (8), 7, (), 7¢ (S)>/S € S}

where y; S —)[0,1] is a truth membership function, ¥, :S —>[0,1] is an indeterminate

—

membership function, and 7 1S — [0,1] is a false membership function.

CUBIC SETS [2]

Let Sbe a non-empty set. A cubic set in Y is a structure of the form
- ={y,C(Y). A(y)/ y €S}

where Ais an interval valued fuzzy setin Sand A is a fuzzy set in S.

NEUTROSOPHIC CUBIC SETS [4]

Let S be a non-empty set. A neutrosophic cubic set (NCS) in S is a pair .~ =(C, A1) where

C= {<S, C;(s),C,(s).C. (S)> /se S} is an intervalneutrosophic ~set in S  and

A

{<S; A:(8), 4, (9), Ac (S)> /seX } is a neutrosophic set inS.
SPHERICAL FUZZY SETS [5]

A Spherical Fuzzy Set ., of the universe U is given by

e ={<u,,uA; (U),}/A; (U),7Z'A; (U)>/U EU}where,uA; Y g T U —[0,1]

2 2 2
andOS,uAs_ (u)+7/pg_ (u)+7rpg_ <lVueU.
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3. NEUTROSOPHIC SPHERICAL SETS

DEFINITION 3.1
Let S be a non-empty set. A Neutrosophic Spherical set in NS is of the form

Ag = {(S: TAS(S)' IAS(S); FAS(S))/S S S}

whereT, is truth degree membership

|, is indeterminate degree membership
S

FAS is false degree membership.

where
Tas (8), 1ag(5), Fag(s)/s € S > [0,1]

2 2 2
0 < [Tag()] + [1ag®)] + [Fag(s)] < V3
INTERVAL VALUED NEUTROSOPHIC SPHERICAL SETS

DEFINITION 3.2

Let S be a non-empty set. An interval-valued Neutrosophic Spherical set is of the form

= {S : [TA;(s)’TQ(s)][lém’ '/:s(s)][FA;(s)’ Fi(s)}/s € S}
Where T (s), I1.(s), Fs(s)/s € S = [0,1]

0 <[ +©) +[Fre] < V3
andT; (s), I}.(s), ;. (s)/s € S = [0,1]

0 < [1r @] + £ + [Fr )] < V3
NEUTROSOPHIC SPHERICAL CUBIC SETS

DEFINITION 3.3

A non-empty set Vysc 0f NSCS is defined by

Cnsc = {(v, As(v), A4s(V))/v € Vnsc}
where As(v) isan IVNSS in Vygs: and A;(v) isa NSS in Vyc.
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EXAMPLE 3.1

For Vyse = {v1,v,2,v3}, the pair Cyse = (A5(v), Ag(v)) with the tabular representation
in Table 0.2 is an NSCS in Vysc.
Table 1: Cysc = (As(v), A5(v))

Vnsc As(v) As(v)
12 ([0.3,0.4],[0.4,1.0],[0.3,0.5]) (0.2,0.4,0.4)
v, ([0.4,0.7],0.2,1.0],[0.2,0.4]) (0.5,0.2,0.3)
V3 ([0.7,0.6],[0.0,1.0],[0.3,0.8]) (0.4,0.1,0.5)
DEFINITION 3.4

A non-empty set of Vysc 0F NSCS, Cyse = (As(V), A,(v)) In Vyge IS said to
* Truth Int (briefly R — Int) is defined by
(VY v € Vnse) Ry, (v) < Ry, (v) < RE (V) (1)

* Indeterminacy-Int (briefly J — Int) is defined by
(Y v € Vnse)(Ja,(v) < Ja,(v) < T4, (v)) )

« Falsity-int(briefly § Int) is defined by
(Y v € Vse)(Sa,(v) < 83,(v) < S4,(v) ©)

If a NSCS, Cysc In Vyge Satisfies above inequalities then Cyge is an Int NSCS in

VNSC'

EXAMPLE 3.2

For Vysc = {vy, V5, v3}, the pair Cyse = (A5(v), A5(v)) with the tabular representation
in Table 0.4 is an Int NSCS in Vy.
Table 2: Cysc = (As(v), A5(v))

Vnsc As(v) As(v)
12 ([0.3,0.4],[0.2,1.0],[0.5,0.6]) (0.35,0.2,0.55)
2 ([0.5,0.6],[0.1,1.0],[0.4,0.6]) (0.5,0.1,0.4)
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Vs ([0.6,0.7],[0.1,1.0], [0.2,0.4]) (0.65,0.1,0.25)

DEFINITION 3.5

A non-empty set Vysc 0F NSCS, Cyse = (A5 (), A4(v)) s said to
* Truth Ext (briefly R Ext) is defined by
(Y v € Vyse)(Ra,(v) £ (R, (v), R (V) (4)

* Indeterminacy-Ext (briefly J Ext) is defined by
(VY v € Vnse)(Ja,(v) € (Ja,(v), 4, (V) (5)

» Falsity-Ext (briefly § Ext) is defined by
(V v € Vnsc)(S2,(v) £ (Si,(v), SA,(v)) (6)

If a NSCS, Cysc In Vyge satisfies above inequalities then Cyge is an Ext NSCS in

VNSC'

EXAMPLE 3.3

For Vysc = {vy, V5, v3}, the pair Cysc = (A5(v), A5(v)) with the tabular representation
in Table 0.6 is an Ext NSCS in Vyg..
Table 3 CNSC = (AS(U), /15(17))

Vysc As(v) As(v)
vy ([0.3,0.4],[0.2,1.0],[0.4,0.5]) (0.45,0.1,0.65)
v, ([0.5,0.6],[0.1,1.0], [0.4,0.6]) (0.4,0.0,0.7)
vy ([0.6,0.7],[0.1,1.0], [0.2,0.4]) (0.5,0.0,0.45)

Theorem 3.4 Let Cysc = (A5(v), A;(v)) be a NSCS in Vyg. is not Ext then there
exists v € Vysc such that R, (v) € (Ry,(v),Ri(v)) . Ja(v) € (Ja,(v), Ji,(v)) or
S2,(V) € (S4,(v), S4,(v)).

Proof. From the definition of an Ext NSCS ,
R, (v) € [Ry,(v), R, (v)],
I ) € [Ja,(v), Tz, (W],
$1,(v) € [S4,(v), S4,(v)]
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for v € Vysc. But given that Cygc is not Ext NSCS, such that
Rz, () < Ry, (v) < R, (v)
Ja, () < Ja, () < Ja,(v)
Sa,(v) <8, (v) <84 (v)

Hence the result.

Theorem 3.5 Let Cysec = (A5(v),A5)(v) be a NSCS in Vyg, if Cysc IS both R Int
and R Extthen
(V v € Vnse)(Ry,(v) € {Ra, (V) /v € Vyysc} U (R (v)/V € Vysc)).

Proof. Two conditions (1) and (4) which implies that
Ri(v) <Ry (v) <R (v) and

Ra,(v) € (R, (v), R4, (V)Y v € Vpsc.
Then Ry _(x) = (Ry,(v) or Ry (v) = (Ri (v) so that
Ry, (V) € {Ry, (V) /v € Vysc} U{RE (v)/v € Vysc}
Hence proved.

Theorem 3.6 Let Cysc = (A5(v),A;(v)) be a NSCS in Vyge, if Cyse IS both J Int
and J Extthen
(V v € Vnsc)(Ja,(v) € {Ja,(v)/v € Vysc} U {JA (V) /V € Vysc D).

Proof. Two conditions (2) and (5) which implies that
Ja, () < Jp,(v) < J4.(v) and

T () € (Ja,(v), I4,(V))V v € Vys.
Then J, (x) = (Ja,(v) or J,, (v) = (Ji (v) so that
Ja () € {J2,(v)/v € Vysc} U {JA (v)/v € Vysc}.
Hence proved.

Theorem 3.7 Let Cysc = (A5(v), A;(v)) be a NSCS Vyge, if Cyge 1S both § Int and
S Ext then
(V v € Vnsc)(S2,(v) € {Sa,(v) /v € Vnsc} U {SA,(v)/v € Vsc)).

Proof. Two conditions (3) and (6) which implies that
Si,(v) <S5, (v) <S,(v) and

J. ShaliniTharanya, M. Trinita Pricilla, R. Anitha Cruz, C. Antony Crispin Sweety, Neutrosophic Spherical Cubic Sets



Neutrosophic Sets and Systems, Vol. 63, 2024 37

S, (V) £ (S4,(v), S5 (V))V v € Vg
Then 8, (x) = (Sa,(v) or §; (v) = (S, (v) so that
S3,(v) € {S4.(v) /v € Vysc} U {S4. (V) /v € Vysc).
Hence proved.

Definition 3.8 Let Cysc = (A5(v), A5(v)) and Byse = (Bs(v), Ys(v)) be a NSCS in
Vnsc Where

Cnsc = (Vusc: [Raywy R T,y T2 | [S iy oy Sy |79 € Vivsc }
As: {(Vnsc, Ra,(V), Ta,(v), 83,(v)) /v € Vysc}
Busc = {Visct [Ra,wy R, | T5,0) T80 [SEyyr Sty [ /7 € Vivsc}

Ys: {(Vnsc) Ry, (V), Ty, (), Sy (V) /V € Vysc )
Then
Cnsc = Bysc iff
A;(v) = B;(v) and A,(v) = Y (v) forall v € Vyge
If Cyse = (As(V),A,(v)) and Byse = (Bs(v),Ys(v)) be any two NSCSs, then
P —order is defined by
Cnsc Sp Bysc iff A;(v) € B;(v) and A;(v) < yY,(v) forall v € Vyge
If Cysc = (A5(v),A5(v)) and Byse = (Bs(v),Ys(v)) be any two NSCSs, then
R —order is defined by
Cnsc Sgr Buysc 1ff A;(v) € Bg(v) and Ag(v) = s (v) forall v € Vyge.

Definition3.9 Let Cygc and Byge be two NSCS in Vy., then P-union is defined by
Cnsc Up Byse = {(v, max(4s(v), Bs(v)), (As(v) Vp Y5 (v))): v € Vysc}
where A, (v), Bg(v) represent IVNSSs and A4(v), Ys(v) represent NSSs. Hence
Rense Ve Rpyse = (v, max(Ry ), Bs(v)), (Ra,(v) Vp Ry (V))): v € Vysc}
Jense Ve IByge = Uv,max(Ja wy, Bs(V)), (Ja, (V) Vp Jyp, (V))): v € Vysc}
Sense VP SByse = UV, max(Sa,wy, Bs(V)), (S2,(v) Vp Sy (v))): v € Vysc}

Definition 3.10 Let Cygc and Byse be two NSCS in Vysq, then P-intersection is
defined by
Cnsc Np Byse = {{(v, min(4;(v), Bs(v)), (As(v) Ap Ps(v))): v € Vysc}
where A;(v), B;(v) represent IVNSSs and A, (v),Yg(v) represent NSSs. Hence
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Reyse N Rpyge = (v, min(Ry wy, Bs(v)), (Ra,(v) Ap Ry (V))): v € Vyysc}
JGNSC AP JBNSC = {(vl min(JAs(v)J Bs(v))J ((7/15(17) AP Jll)s(v))) v E VNSC}
Sense N SByse = UV, MIN(Sa wy, Bs(V)), (S2,(V) Ap Sy (V))): v € Vysc}

Example 3.11 For Vygc = {v1, V3, v3}, let Cyse and Byge be two NSCSs over Vyge

is defined by

Cnsc = {(V, As(v), As(V))v € Vygc} IS

Table 4: Cysc = (As(v), A5(v))

VUnsc As(v) As(v)
v, ([0.3,0.4],[0.5,1.0], [0.2,0.4]) (0.35,0.55,0.25)
v, ([0.2,0.3],[0.4,1.0], [0.4,0.6]) (0.35,0.45,0.55)
Vs ([0.4,0.5],[0.2,1.0],[0.4,0.6]) (0.55,0.35,0.45)

Table 5: Bysc = (Bs(v), Ps(v))

Vnsc Ag(v) Ys(v)
v, (10.1,0.2],[0.5,1.0], [0.4,0.6]) (0.45,0.55,0.45)
v, ([0.2,0.4],[0.3,1.0], [0.5,0.7]) (0.45,0.65,0.65)
Vs ([0.3,0.5],[0.4,1.0], [0.3,0.5]) (0.65,0.55,0.75)

Table 6: Cysc Up Byse = (As(v) Up Bs(v), As(v) Vp Ps(v))

Vnsc (As(v) Up Bs(v) (As(v) Vp Y5 (v)
v, ([0.3,0.4],[0.5,1.0], [0.4,0.6]) (0.45,0.55,0.45)
v, ([0.2,0.4],[0.4,1.0],[0.5,0.7]) (0.45,0.65,0.65)
Vs ([0.4,0.5],[0.4,1.0], [0.4,0.6]) (0.65,0.55,0.75)
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Table 7: Cysc Np Bysc = (As(V) Np Bs(v), A5(v) Ap Y5 (V)

VUnsc (As(v) Np Bs(v) (As(V) Ap s (V)
v, ([0.1,0.2], [0.5,1.0], [0.2,0.4]) (0.35,0.55,0.15)
v, ([0.2,0.3],[0.3,1.0], [0.4,0.6]) (0.35,0.45,0.55)
Vs ([0.3,0.5],[0.2,1.0], [0.3,0.5]) (0.55,0.35,0.5)

Definition 3.12 Let Cygc and Byge be two NSCS in Vyge, then R-union is defined by
Cnsc Ur Bysc = {(v, max(As(v), Bs(v)), (As (V) Vg Ys(V))): v € Vysc}
where A, (v), B;(v) represent IVNSSs and A, (v),Ys(v) represent NSSs. Hence
Reyse VR Rayse = {0, max(Rayw), Bs(v), (Ry, (V) Vg Ry (v))): v € Vnsc}
Jdense VR IByse = UV, max(Jaywy, Bs(V)), (Ja,(V) Vi Jy, (v))): v € Vysc}
Sense VR SByse = UV, max(Sa ), Bs(v)), (Sx,(V) Vg Sy (V))): v € Vysc}

Definition 3.13 Let Cysc and Byge be two NSCS in Vysc, then R-intersection is
defined by
Cnsc Ng Byse = {(v, min(As(v), Bs(v)), (As(v) Ag Ys(v))): v € Vysc}
where A, (v), B;(v) represent IVNSSs and A, (v),Ys(v) represent NSSs. Hence
Rense Nr Rayse = (v, min(Ru vy, Bs(V)), Ry, (V) Ag Ry (V))): v € Vyse}
Jense Mr IByse = LV, MIN(J ay), Bs(V)), (T2, (V) Ag Ty (V))):V € Viyse}
Sense M SByse = UV, MIN(Sa ), Bs(V)), (82,(V) Ag Sy (V))): v € Vygc}

Example 3.14 For Vygc = {vy, V5, v3}. Let Cysc and Byge be two NSCSs over Vyge

is defined by
Cnsc = {(v, As(V), A;(V))v € Vysc) is

Table 8: Cysc = (As(v), A;(v))

Vnsc As(v) As(v)
121 ([0.2,0.3],[0.4,1.0],[0.4,0.6]) (0.55,0.65,0.75)
vy ([0.1,0.5],[0.6,1.0],[0.3,0.6]) (0.65,0.55,0.85)
V3 ([0.2,0.5],[0.4,1.0],[0.4,0.6]) (0.75,0.85,0.65)
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Table 9: Bysc = (Bs(v), s (v))
Vsc As(v) PYs(v)
2 ([0.2,0.3],[0.4,1.0],[0.5,0.6]) (0.35,0.65,0.75)
v, ([0.1,0.5], [0.6,1.0], [0.3,0.6]) (0.65,0.55,0.85)
Vs ([0.2,0.5], [0.4,1.0], [0.4,0.6]) (0.75,0.85,0.65)
Table 10: Cysc Ug Bysc = (As(V) Ug By, A5(v) Vg Y5 (v))
Vnsc (As(v) Ug Bs(v) (As(v) Vg Y5 (v)
v, ([0.4,0.5], [0.4,1.0], [0.4,0.6]) (0.35,0.45,0.55)
v, ([0.2,0.4], [0.6,1.0], [0.3,0.6]) (0.25,0.45,0.65)
v, ([0.4,0.7], [0.4,1.0], [0.4,0.6]) (0.45,0.55,0.45)
Table 11: Cysc Ng Busc = (As(v) Ng Bs(v), A45(v) Ag ¥s(V))
Vnsc (As(v) Ng Bs(v) (As(W) Ag Y5 (V)
v, ([0.2,0.3], [0.3,1.0], [0.3,0.6]) (0.55,0.65,0.75)
v, ([0.1,0.5], [0.5,1.0], [0.3,0.6]) (0.65,0.55,0.85)
Vs ([0.2,0.5], [0.4,1.0], [0.4,0.6]) (0.75,0.85,0.65)
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NSCS,

Theorem 3.15 Let Cygsc = (As(v), A5(v)) be a NSCS over Vyge. [1)] If Cyse IS an Int
then the complement Cgg. is also an Int NSCS. [ii)]If Cysc IS an Ext NSCS, then the

complement Cyq. is also an Ext NSCS.

NSCS.

Proof. [1)] Given Cysc = {{(v, As(v), A;(V)): v € Vyse} is an Int NSCS this implies

R, () < Ry, (v) < RE (v),

Ja,(v) < Ja,(v) < Ja,(v),

Sa, (V) < 8, (v) < 85 (v) forall v € Vyge

This implies 1 —R; (v) <1—-R, (v) < 1-R; (v),

1-Ja,(v) 1=, (v) <1-J5.(v),

1-8;,(v) <1-8,,(v) <1-8; (v) forall v € Vyg.

Hence Cggc is an INSCS. [ii)] Given Cyse = {(v, A5(v), As(v)): v € Vysc} IS an Ext
This implies

R, (V) € (R, (v), RE,(v)), Ia, (V) € (Ja,(v), Ti,(v)), S, (v) & (Sa,(v), A, (v)) for

Since,

Ry, (v) & (R, (v), R}, (v)),
and 0 <R, (v) SR; (v) <1

Jas, () € (Ja,(v), J4, (),
and 0 < J, (v) < Ji(v) <1

$i, () & (S4,(v), S4.(v))
and 0 <S; (V) <Sf(v) <1
So we have
Ry (V) < Ry (v) or RE (v) < Ry (v)
Jr ) < Ja,(v) or Ji.(v) < Jh,(v)
S, (V) <85 (v) or S5 (v) < 8, (v)
This implies
1- .‘72,15(17) >1- R;S(v) or1-— R;'{S(v) >1- Rls(v)
1-N,w)=21-J ) or1-7Ji@) 21— J;.(v)
1-8,,(W)<1-8;,(w) or 1 =85 (v) <1-8; (v) forall v € Vys.
Thus 1= Ry, (v) € (1— Ry, ()1 = RE @)L - Ja,(v) € (1 - Tz, ()1 —

Ja)N1=8, (v) & (1 =8;,(v),1—84(v)) forall v € Vysc

Hence Cygc = (As(v), A4(v)) is an Ext NSCS.

Remark 3.16 The below example shows that P — unionand P — intersection of R Ext

(resp. J Extand § Ext) NSCSs may not be R Ext (resp. J Extand § Ext) NSCSs.

Example 3.17 Let Cysc = (A5(v), A5(v)) and Byse = (Bs(v), Ys(v)) be NSCSs in

Vysc Where

As(v) = {(v, (0.3,0.5), (0.5,0.7), (0.3,0.5)) /v € Vysc}
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As(v) = {(v,0.4,0.4,0.8) /v € Vysc}
B;(v) = {(v, (0.7,0.9),(0.6,0.7), (0.7,0.9)) /v € Vysc}
Ys(v) = {(v,0.8,0.3,0.8) /v € Vysc}
Then Cygec and Byge are § Ext NSCSs in Vysc.
Cnsc Up Bysc = (A5 Up Bs, Ag Vp Yg) 0Of Cyge and Byge is given as follows
Ag(v) Up Bg(v) = {(v,(0.7,0.9), (0.6,0.7), (0.7,0.9)) /v € Vysc}
As(v) Vp Ys(v) = {(v,0.8,0.4,0.8) /v € Vygc}
isnotan § Ext NSCSs in Vysc.
Since
(Sa, Vp Sy,)(v) = 0.8 € (0.7,0.9)
= (Sa; Up Sp,)~ (1), (Sa, Up Sp,) " (V)
also A; Np B = (As N Bg, Ag Ap Pg) with
Ag N By = {(v,(0.3,0.5),(0.4,0.7),(0.3,0.5)) /v € Vysc}
As A = {(v,0.4,0.3,0.8)/v € Vysc)
isnotan § Ext NSCS in Vyg. since
(5;15 Ap Sws)(v) = 0.4 € (0.4,0.7)
= (Sa, Np Sp,)~(V), (Sa, Np Sp) " (V)

Example 3.18 For VNSC = {Ul, Uy, U3}, Iet CNSC = (AS(U),/‘{S(U)) and BNSC =
(Bs(v),Yg(v)) be NSCSs in Vyg with the Table 0.21 and 0.21, respectively.
Table 12: CNSC = (AS(U), /15)(17)

Vnsc As(v) As(v)
v, ([0.3,0.4],{0.5,1.0], [0.2,0.3]) (0.35,0.55,0.25)
v, ([0.2,0.3],{0.4,1.0], [0.4,0.6]) (0.25,0.45,0.45)
vy ([0.6,0.7],{0.1,1.0], [0.3,0.4]) (0.65,0.15,0.35)

Table 13 Byse = (By(v), Y5 ()

Vnsc As(v) As(v)
121 ([0.2,0.4],[0.7,1.0],[0.1,0.2]) (0.20,0.75,0.15)
vy ([0.5,0.6],[0.2,1.0],[0.3,0.4]) (0.55,0.25,0.25)
V3 ([0.4,0.6],[0.4,1.0],[0.2,0.4]) (0.55,0.45,0.25)
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Then Cygc and Byge are both R Ext and J Ext NSCSs in Vyge. Cysc Up Bysc =

(Ag Up B;, A Vp ) and Cyse Np Byse = (Ag Np B, A Ap 1)) are given below Tables 0.21
and 0.21 .

Table 14: Cysc Up Bysc = (A5 Up By, A5 Vp Ys)

Vnsc (As U Bs(v) (As Vhs(v)
121 (10.3,0.4],10.7,1.0],[0.2,0.3]) (0.35,0.75,0.25)
v, (10.5,0.6],10.4,1.0],[0.4,0.6]) (0.55,0.45,0.45)
V3 (10.6,0.7],10.4,1.0],[0.4,0.5]) (0.65,0.45,0.35)

Table 15: Cysc Np Bysc = (As Np By, A5 Ap Ps)

Vnsc (45 Np Bs(v) (As Ap Y5 (V)
vy ([0.2,0.4],[0.5,1.0],[0.1,0.2]) (0.30,0.55,0.15)
v, ([0.2,0.3],[0.2,1.0], [0.3,0.4]) (0.25,0.25,0.35)
vy ([0.4,0.6],[0.1,1.0], [0.2,0.4]) (0.55,0.15,0.35)

Then Cysc Up Bysc s neither an J Ext NSCS nor a R Ext NSCS in Vyg. since

(T Ve Jp)(€) = 1.0 € (0.2,1.0) = ((Ja, Up Tp,)~(€), (Ja, Yp Jp,)*(C))
and

(Ra, Vp Ry )(a@) = 0.35 € (0.3,0.4) = ((Ry, Up Rp.)~(a), (R4, Up Rp,)*(a)).

Remark 3.19R — union and R — intersection of R Int (resp. J Int and § Int) NSCSs
may not be A Int (resp. J Intand § Int) NSCSs in the below examples.
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Example 3.20 Let Cygsc = (A5(v), A5(v)) and Byge = (Bs(v),¥s(v)) be NSCSs in
Vnsc Where
A;(v) = {(v,(0.3,0.5),(0.4,1.0),(0.3,0.4)) /v € Vysc}
As(v) = {(v,0.4,0.2,0.4) /v € Vysc}
B;(v) = {(v, (0.5,0.6),(0.2,1.0), (0.3,0.2)) /v € Vysc}
Ys(v) = {(v,0.5,0.3,0.2) /v € Vysc}

Then Cysc and Byse are R Int NSCSs in Vyge and Cysc Ug Byse =
(As Ugr BSf/ls AR lps) with
Ag Ug B; = {(v,[0.5,0.6],[0.4,1.0],[0.3,0.4])/v € Vysc}
As AR s = {(v,0.4,0.2,0.2) /v € Vysc)

Note that (Ry, Agr Ry )(v) = 0.4 < 0.5 = (Ry, Ug Rp )~ (v) and (Ry, Ag Jy,) (V) =
0.2 < 0.3 =(Ja, Ur Jp,)~(v). Hence Cysc Ug Bysc = (As Ug Bg, As Ag ) is neither a R
Int NSCS nora J Int NSCS in Vygc. But we know that Cygsc Ug Byse = (As U Bg, A, AYg) IS
an S Int NSCS in Vygc.
The R —intersection Cygc Ng Bysec = (Ag N Bg, Ag V 1) with
A Nk Bg = {(v,[0.3,0.5],[0.2,1.0],[0.3,0.2]) /v € Vysc}
As Ve ¥ = {(v,0.5,0.3,0.4)/v € Vysc).

Since  (Ja, Nr Jpy)~ (W) < (T Vi Jy,) (@) < (Jag Nr )T (v) for all v € Vyg .
CNSC ﬂR BNSC = (AS N BS' AS VR lps) |S an ‘_7 Int NSCS |n VNSC'
But neither a R Int NSCS § Int NSCSs in V.

Example 3.21 Let Cysc = (A5(v), A5(v)) and Byse = (Bs(v), Yg(v)) be NSCSs in
Vnsc Where
A = {(v, (0.3,0.5),(0.5,1.0), (0.2,0.4)) /v € Vysc}
As = {(v,0.4,0.2,0.4) /v € Vysc)
B, = {(v,(0.1,0.5), (0.6,1.0), (0.3,0.5))/v € Vysc}
s = {(v,0.3,0.2,0.5) /v € Vysc}

Then Cysc and Byse are J Int NSCSs in Vyge and Cysc Ug Byse =
(As Ugr Bs:/ls AR l/)s) with
Ag Ug B; = {(v,]0.3,0.5],[0.6,1.0],[0.3,0.5]) /v € Vysc},
As Ag Y5 = {(v,0.3,0.2,0.4) /v € Vysc }-

Since  (Jx, Ar Ty, )(¥) =02<0.6=(JyUgJg)"(v) we know that and
Cnsc Ugr Bysc isnotan J Int NSCS in Vy.
Also, the R —intersection Cysc Ng Bysc = (As N Bg, A Vg Yg) With
Ag Ng Bg = {(v,[0.1,0.5],[0.5,1.0],[0.2,0.4]) /v € Vysc},
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AS VR l/)S = {(U, 0.4‘,0.2,0.5)/17 € VNSC}
and itisnotan J Int NSCS in Vys..

Example 3.22 Let Cysc = (As(v), A5(v)) and Bysc = (Bs(v), Ys(v)) be NSCSs in
Vysc Where
As ={(v,(0.2,0.3),(0.4,1.0), (0.4,0.5)) /v € Vysc}
As ={(v,0.4,0.2,0.2) /v € Vysc}
Bs = {(v,(0.4,0.6),(0.3,1.0), (0.3,0.4)) /v € Vys¢}
Ys = {(v,0.3,0.2,0.1) /v € Vysc}

Then Cysc and Byge are § Int NSCSs in Vyge and Cyse Ug Bysc =

(As Ugr BSf/ls AR lps) with

Ag Uy By = {(v,[0.4,0.6],[0.4,1.0],[0.4,0.5])/v € Vysc},

As Ag ¥ = {(v,0.3,0.2,0.1) /v € Vysc )
which is not an § Int NSCS in Vygc. If Cyse = (A5(v), 45(v)) and Byse = (Bs(v), Y (v))
be NSCSs in R where

Ag(v) = {(v,(0.2,0.3),(0.6,1.0), (0.2,0.4)) /v € Vysc}

As(v) = {(v,0.5,0.4,0.1)/v € R}

Bs(v) = {(v, (0.1,0.2),(0.5,1.0), (0.4,0.5)) /v € Vysc}

Ys(v) = {(v,0.6,0.2,0.2) /v € Vysc}
then Cygc and Bygse are S Int NSCSs in Vygo and the R — intersection Cygec Ng Byse =
(Ag Nk Bs, As VR Yg) of Cyge and Byse Which is given as follows:

Ag Ng Bg = {(x,[0.1,0.2],[0.5,1.0], [0.2,0.4])/v € Vysc}

As Vg s = {(v,0.6,0.4,0.2) /v € Vysc}
and itisnotan S Int NSCS in Vys.

Theorem 3.23 Let Cysc = (As(v),A;(v)) and Byse = (Bs(v),¥s(v)) be R Int
NSCSs in Vyg. such that
(V v € Vysc)(max{Ry (v), Rz (1)} < (Ry, Ar Ry, ) (V). (7)
Then the R — union of Cygc and Byse isa R Int NSCSs in V.

Proof. Let Cygc and Byge be R Int NSCSs in Vy it satisfy the condition (7). Then
Ry, (v) SRy (v) S RZ (v) and Rp (v) < Ry, (v) < RS (V).
And so, (R, Ag Ry ) (V) < (R4, Ug Rp )™ (V).
It follows from (7) that,
(Rag U Rp)™ (v) = max{R, )™ (v), Rp,)” (v)}
< (Rag Ar Ry ) (V) < (R, Ug Rp )™ (0).
Hence Cysc Ugr Byse = (Ag Ug Bs, As Ag YPg) isa R Int NSCS in Vyg.
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Theorem 3.24 Let Cysc = (As(v),A5(v)) and Bygse = (Bs(v),Ys(v)) be J Int
NSCSs in Vyg. such that
(V v € Uyse)(max{J, (v), Ig (v)} < (Ja, Ar Ty ) (V). (8)
Then the R — union of Cygc and Bysc isa J Int NSCSs in a non-empty set Vysc.

Proof. Let Cygc and Byge be J Int NSCSs in Vy it satisfy the condition (8). Then
Ja, () < Jh,(v) < i, (v) and Jp (V) < Ty, (v) < J§ (V).
ANnd s0, (Jx, Ar Jy,) (@) < (Ja, Ur Jp)* ().
It follows from (8) that,
(Jag YUr dp,)~ (v) = max{J,,)” (v),Jp,)” (V)}
< (Jas AR Jyp) (@) < (Jag Ur Jp) " (V).
Hence Cygc Ug Byse = (Ag Ug Bs, As AR Yg) isa J Int NSCS in Vyge.

Theorem 3.25 Let Cysc = (A5(v),A5(v)) and Byse = (Bs(v),Ys(v)) be § Int
NSCSs in Vyg. such that
(V v € Vysc)(max{Sy (v), S5 (v)} < (Sz, Ar Sy, ) (V). (9)
Then the R — union of Cygc and Bysc isa & Int NSCSs in Vyge.

Proof. Let Cygc and Byge be § Int NSCSs in Vyg it satisfy the condition (9). Then
Sa, () <8, (v) < 84 (v) and Sz (v) < Ay, (v) < S5 (v).
ANd 0, (S3, Ag Sy,) (V) < (S4, Ug Sp,)* (v).
It follows from (9) that,
(Sag Ug Sp)~ (V) = max{S,,)~ (v),S5,)” (v)}
< (83, Ar Sy ) (V) < (Sa, Ug Sp)* (v).
Hence Cysc Ur Bysc = (As Ug Bg, As Ag ) isa § Int NSCS in Vyge.

Corollary 3.26 If two Int NSCSs Cysc = (45(v), A5(v)) and Byse = (Bs(v), Ys(v))
satisfy (7) ,(8)and (9) then the R — union of Cygc = (As(v),A;(v)) and Byse =
(Bs(v), Ys(v)) isan Int NSCSs.

Theorem 3.27 Let Cysc = (A5(v),A4(v)) and Byse = (Bs(v),Ys(v)) be g Int
NSCSs in Vyg. such that
(V' v € Vnsc) ((Jas Vi Ty, ) () < min{J7 (v), J§ ()}). (10)
Then the R — intersection of Cysc and Byge isa J INt NSCS in Vyc.

Proof. If 10 is valid. Then J; (v) < J5,(v) < Ja.(v) and J5,(v) < Jy, (v) < Jg, (V)
for all Vygc. It follows from 10 that
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(Jas Nr J5,)~ (W) < (Ja; Nr Jp)~ (V) < min{Jg (v), I5, (1)} < (Ja; Nr Ip)* (V)
forall v € Vyge.
AS ﬂR BS = (AS ﬂR BS'AS VR lpS) |S an (7 Int NSCS in VNSC'

Theorem 3.28 Let Cpyge = (A5(v),A;(v)) and Byse = (Bs(v),Ys(v)) be R Int
NSCSs in Vyg such that
(VY v € Vnse) (Rz, Ve Ry, ) (v) < min{R7 (v), R (v)}). (11)
Then the R — intersection of Cysc and Bygse iISa R Int NSCS in Vyg,.

Proof. If 11 is valid. Then Ry (v) <Ry (v) <Ri (v) and Rp (v) < Ry (v) <
R, (v) forall Vygc. It follows from 11 that
(Ra, N R5,)™(V) < (Ra, Ng Ry,)™(v) < min{R}, (v), R, (1)} < (Ra, N Rp,)* (v)
for all v € Vyge.
Ag Ng Bs = (Ag Ng Bg, Ay Vg ) isan RInt NSCS in Vyge.

Theorem 3.29 Let Cysc = (A5(v),A5(v)) and Byse = (Bs(v),Ys(v)) be § Int
NSCSs in Vyg- such that
(Y v € Vnse)((Sa, Ve Sy, )(v) < min{SS (v), S5 ()} (12)
Then the R — intersection of Cysc and Bygse isa § Int NSCS in Vyge.

Proof. If 12 is valid. Then §; (v) < §;.(v) < S84 (v) and Sp (v) < 8y (v) < S5, (v)
for all V.. It follows from 12 that
(Sas N Sp)~ (V) < (83, N Sy)~ (V) < min{S4 (v), S5, (v)} < (Sa, Nr Sp,)* (V)
forall v € Vysc.
Ag Ng Bs = (Ag Ng B, Ag Ve ) isan § Int NSCS in Vyg.

Corollary 3.30 If two Int NSCSs Cysc = (45(v), A5(v)) and Byse = (Bs(v), Ys(v))
satisfy conditions (10), (11), (12) then the R —intersection of Cysc and Bysc is an Int NSCS in

VNSC'

Conclusions

In this paper we have introduced the notion of Neutrosophic spherical cubic sets .We have
discussed properties of Neutrosophic spherical cubic sets. For the future prospects, we will extend this
work by using topological structures and commit to exploring the real life applications.
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