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SYNOPSIS

Chapter-1 deals with the introduction Review of literature and studied some of
the basic definitions like Fuzzy Set, Intuitionistic Fuzzy Set, Pythagorean Fuzzy
Set, Neutrosophic Fuzzy Set, Spherical Fuzzy Set, Bipolar Fuzzy Set, Fuzzy
Graph, Intuitionistic Fuzzy Graph, Pythagorean Fuzzy Graph, Cubic Graph,
Spherical Fuzzy Graph.

Chapter- Il deals with the concept of Spherical fuzzy neutrosophic cubic graph
and single valued neutrosophic cubic graphs in bipolar setting and also discussed
some of their properties such as Cartesian product, composition,M-join, N-join,

M-union and N-union.

Chapter-111 deals with the new ideas of Spherical fuzzy neutrosophic cubic graph.
We also defined some of the properties such as Cartesian product, composition,

N-join, M-join, N-union and M-union with certain illustrations.
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CHAPTER 1

1.1 INTRODUCTION

Fuzzy sets were introduced by Zadeh (1965). The notion of fuzzy set theory
has caused great interest among both pure and applied mathematics. This day’s
fuzzy set hypothesis has arisen as a likely space of interdisciplinary exploration. It
has fruitful applications in different fields as a phenomenal apparatus for
addressing human information and discernment.

In 1983, Atanassov presented the idea of intuitionistic fuzzy set as a
speculation of Zadeh's thought of fluffy set. Atanassov added another segment
that decides the level of non-membership to the meaning of fuzzy set alongside
level of membership, which is pretty much autonomous of one another. The as it
where necessity is that the amount of these two degrees isn't greater than one.
Intuitionistic fuzzy sets have been applied in a wide variety of fields, including
computer science, engineering, mathematics, medicine, chemistry, and economics.

Yager, proposed a brand-new extension of fuzzy set called Pythagorean fuzzy
set (PFS), which has been successfully applied in many fields for decision making
procedures. PFS is characterized by a membership and non-membership function
satisfies the condition that the square sum of membership and non-membership is
less than or equal to one.

Spherical fuzzy set is a generalization of picture fuzzy set and Pythagorean
fuzzy set. There is a need of spherical fuzzy set to tackle an interesting scenario
emerge when picture fuzzy sets and Pythagorean fuzzy sets both failed to handle.
We can study the neutral degree in spherical fuzzy set where as in Pythagorean
fuzzy sets and picture fuzzy sets it doesn’t. In spherical fuzzy set, membership
degrees are gratifying the condition 0 < P?(x)+ 1*(X)+ N?(x) <1.

The idea of neutrosophic set is introduced by Smarandache, which is a
generalization of the fuzzy set, intuitionistic fuzzy set. The neutrosophic sets are
characterized by a truth function (T), an indeterminate function (1) and a false
function (F) independently. Smarandache [63] introduced the new concepts of
neutrosophic perspectives: Triplets, Duplets, Multisets, Hybrid Operators, Modal
Logic, Hedge Algebras and Applications.



The concept of cubic set is characterized by fuzzy set and interval valued
fuzzy set, which is an important tool to deal with uncertainty and vagueness. The
hybrid platform of cubic set contains more information than a fuzzy set.
Neutrosophic set combined with cubic sets gave the new concept of neutrosophic
cubic set introduced by Jun et.al

Zhang (1994) initiated the concept of bipolar fuzzy sets as a generalization
of fuzzy sets. Bipolar fuzzy sets are extension of fuzzy sets whose range of
membership degree is [—1, 1]. In a bipolar fuzzy sets, the membership degree 0 of
an element means that the element is irrelevant to the corresponding property, the
membership degree (0, 1] of an element indicates that the element somewhat
satisfies the property, and the membership degree [—1, 0) of an element indicates
that the element somewhat satisfies the implicit counter property.

In Mathematics, Graph theory is the investigation of graphs, which are
numerical designs used to display the relationship between two or more objects or
with set of vertices and edges. The graph theory origin can be traced back to
Euler’s work on the Konigsberg bridges problem in 1735. The concepts of graph
theory have applications in many areas of computer science such as data mining,
image segmentation, clustering, image capturing, networking, etc.

The kaufmann (1973) gave first definition of fuzzy graph based on Zadeh’s
fuzzy relations. Generalization of fundamental ideas of graph theory like paths,
cycles, trees, connectedness, and their properties to fuzzy graph theory have been
done by Rosenfeld.

Atanassov et al. (2006) discussed a new generalization of the intuitionistic
fuzzy graphs, using as a basis the concepts of intuitionistic fuzzy sets,
intuitionistic fuzzy relations and index matrices. Parvathi et al. (2006) gave a new
definition for min-max intuitionistic fuzzy graph.

Recently, Naz et al. initially presented the idea of Pythagorean fuzzy graph
(PFG) as a as a change of the possibility of IFG by Atanassov and investigated a
few properties of procedure on PFGs alongside its applications in dynamic.
Akram et al. characterized some more fundamental procedure on PFGs and

furthermore investigated their significant properties.



Chapter-1 deals with the Introduction, Review of literature and studied some
of the basic definitions like Fuzzy Set, Intuitionistic Fuzzy Set, Pythagorean
Fuzzy Set, Neutrosophic Fuzzy Set, Spherical Fuzzy Set, Bipolar Fuzzy Set,
Fuzzy Graph, Intuitionistic Fuzzy Graph, Pythagorean Fuzzy Graph,
Neutrosophic Fuzzy Graph, Spherical Fuzzy Graph.

Chapter- Il deals with the concept of Spherical fuzzy neutrosophic cubic graph
and single valued neutrosophic cubic graphs in bipolar setting and also discussed
some of their properties such as Cartesian product, composition,M-join, N-join,
M-union and N-union.

Chapter-111 deals with the new ideas of Spherical fuzzy neutrosophic cubic
graph. We also defined some of the properties such as Cartesian product,

composition, N-join, M-join, N-union and M-union with certain illustrations.



1.2 REVIEW OF LITERATURE

In 1965, Zadeh was introduced a fuzzy set is a class of objects with a
continuum of grades of membership. Such a set is characterised by a membership
(characteristic) function that assigns to each object a grade of membership ranging
between zero and one. The notions of inclusion, union, intersection, complement,
relation, convexity, etc., are extended to such sets, and various properties of these
notions in the context of fuzzy sets are established. In particular, a separation
theorem for convex fuzzy sets is proved without requiring that the fuzzy sets be
disjoint.

In 1983, Atanassov defined the concept Intuitionistic Fuzzy Set (IFS) as a
generalization of the concept fuzzy set. Various properties are proved, which are
connected to the operations and relations over sets, and with modal and
topological operators, defined over the set of IFS's.

In 1989, Atanassov defined new results on Intuitionistic fuzzy sets. Two new
operators on intuitionistic fuzzy sets are defined and their basic properties are
studied.

In 1994, Zhang first introduced a bipolar fuzzy set theory, which is presented
for cognitive modelling and multiagent decision analysis. Firstly, notions of
bipolar fuzziness are introduced. Secondly, an interval-based bipolar fuzzy logic
is defined, which generalises the real-valued bipolar fuzzy logic by allowing
interval-based linguistic variables.

Neutrosophic set theory firstly proposed in 1998 by Florentin Smarandache,
who also developed the concept of single valued neutrosophic set, oriented
towards real world scientific and engineering applications. Since then, the single
valued neutrosophic set theory has been extensively studied in books and
monographs introducing neutrosophic sets and its applications, by many authors
around the world.

In 2005, Young et al. using the notion of intuitionistic fuzzy sets, the
concepts of intuitionistic fuzzy semi-preopen sets and intuitionistic fuzzy semi-
precontinuous mappings were introduced. The relation between an intuitionistic

fuzzy precontinuous mapping and an intuitionistic semi-precontinuous mapping



is given. Characterizations of intuitionistic fuzzy semi-preopen sets and
intuitionist fuzzy semi-precontinuous mappings are given.

Yager et al. (2013) has proposed the Pythagorean Fuzzy Set (PFS) as an
effective tool for handling the uncertainty or vague information more adequately
in real-world situations. In PFSs, the sum of squares of the degrees of membership
and non-membership is less than or equal to 1. For example, if a decision maker
provides the membership degree 0.6 and non-membership degree 0.7 in his
evaluation, then this situation cannot handle by intuitionistic fuzzy set theory
because of 0.6+0.7 > 1. However, it is easily observed that (0.6)%+ (0.7)?< 1, that
is to say, the Pythagorean Fuzzy Set (PFS) is capable to represent this evaluation
information. In other words, the PFSs are more powerful to handle problems in
uncertain situations. Under PFS environment, many researchers have started work
in different directions and obtained various significant results.

In 2014, Yager introduced a class of nonstandard Pythagorean fuzzy subsets
whose membership grades are pairs (a,b) satisfying the requirement a? + b’<l.
They also introduce a variety of aggregation operations for these Pythagorean
fuzzy subsets. Then look at multicriteria decision making in the case where the
criteria satisfaction is expressed using Pythagorean membership grades. The issue
of having to choose the best alternative in multicriteria decision making leads us
to consider the problem of comparing Pythagorean membership grades.

Graph is a diagrammatic way of representing the relationship between two
or more things. Fuzzy graph was found by Rosenfeld (1975), he described that
fuzzy analogues of different basic graph-theoretic ideas like bridges, paths, cycles,
trees, connectedness and some properties. Krassimir T. Atanassov (1999), were
introduced the concept intuitionistic fuzzy graph. ParvathiR and
Karunambigai.M.G (2006) gives a new definition to the intuitionistic fuzzy graph
and describe its properties. Muhammad Akram et al. (2019) extended the
definition of Pythagorean fuzzy sets (PFS) to Pythagorean fuzzy graphs (PFG)
and its properties, and studied the regularity of Pythagorean fuzzy graph (PFG)
product. The Pythagorean fuzzy graph is an extension of intuitionistic fuzzy graph

and it provides an accurate value for the problem which is vague.



In 2006, Atanassov et al. discuss a new generalization of the Intuitionistic
Fuzzy Graphs (IFGs), using as a basis the concepts of the Intuitionistic Fuzzy Sets
(IFSs), Intuitionistic Fuzzy Relations (IFRs), and Index Matrices (IMs) and their
basic concepts.

In 2006, Parvathi et al. introduced a new definition for intuitionistic fuzzy
graphs and some properties of intuitionistic fuzzy graphs are considered and the
authors introduced the notions of various concepts. These concepts are analysed
through suitable illustrations. In 2007, Karunambigai et al. present a model based
on dynamic programming to find the shortest paths in intuitionistic fuzzy graphs.

In 2011, Akram introduced the notion of bipolar fuzzy graphs, described
various methods of their construction, discussed the concept of isomorphism’s of
these graphs, and investigated some of their important properties. They then
introduced the notion of strong bipolar fuzzy graphs and studied some of their
properties, and also discussed some propositions of self-complementary and self-
weakly complementary strong bipolar fuzzy graphs.

In 2019, Xindong Peng et al. present an overview of the Pythagorean fuzzy
set with the aim of offering a clear perspective on the different concepts, tools,
and trends related to their extension. In particular, we provide two novel
algorithms for decision-making problems in a Pythagorean fuzzy environment. It
may serve as a foundation for developing more algorithms in decision-making.

In 2020, Akalyadevi et al. introduced spherical fuzzy graph in bipolar
environment and discussed the operation on bipolar spherical fuzzy graphs
namely, symmetric difference and rejection with brief description on degree and
total degree of bipolar spherical fuzzy graphs.

In 2020, Akalyadevi et al. Compared to fuzzy set and all other versions of
fuzzy set, neutrosophic sets can handle imprecise information in a more effective
way. A Neutrosophic cubic set, which is the generalization of neutrosophic set,
are more flexibile as well as compatible to the system compared to other existing
fuzzy models. On other hand, graph is a very easy way to understand and handle a
problem physically in the form of diagrams. We introduce spherical fuzzy

neutrosophic cubic graph and single-valued neutrosophic spherical cubic graphs in



bipolar setting and discuss some of their properties such as Cartesian product,
composition, m-join, n-join, m-union, n-union. We also present a numerical
example of the defined model which depicts the advantage of the same. Finally,
we define a score function and minimum spanning tree algorithm of an undirected
bipolar single-valued neutrosophic spherical cubic graph with a numerical
example.

In 2020, Akalyadevi et al. proposed an algorithm for finding minimum
spanning tree of an undirected bipolar graph where the edge lengths are
represented by bipolar spherical fuzzy number. To construct the minimum
spanning tree of undirected bipolar spherical fuzzy graph, a new algorithm and
score function based on matrix approach has been introduced. The proposed

method compare with some existing method are also discussed.



FS
FR
IFS
IFR
PFS
PFR
CS
NS
SFS
BFS
SFR
FG
IFG
PFG
CG
SFG
NG
NCG

NOTATIONS

Fuzzy set
Fuzzy Relation
Intuitionistic Fuzzy Set
Intuitionistic Fuzzy Relation
Pythagorean Fuzzy Set
Pythagorean Fuzzy Relation
Cubic Set
Neutrosophic Set
Spherical Fuzzy Set
Bipolar Fuzzy Set
Spherical Fuzzy Graph
Fuzzy Graph
Intuitionistic Fuzzy Graph
Pythagorean Fuzzy Graph
Cubic Graph
Spherical Fuzzy Graph
Neutrosophic Graph
Neutrosophic Cubic Graph



1.3 PRELIMINIARIES

Definition 1.3.1

A Fuzzy Set (FS) on a universe Y is an object of the form represents the
membership

m={(n, o, (n))In €Y}

Where o, 1Y —[0,1] represents the membership functions of m.
Definition 1.3.2
A Fuzzy set on Y x Y is said to be a Fuzzy Relation (FR) onY , denoted by

n :{nk,ocn(nk) | uv erY}
Where a, :Y xY —[0,1] represents the membership function of m.
Definition 1.3.3
An Intuitionistic Fuzzy Set (IFS) on a universe X is an object of the form

m={(n, o, (). B () In €Y},

Where a, 1Y —>[O,1] and B, :Y—>[O,1] represents the membership and non-

membership  functions of m, and «,,B, satisfies the condition
0<a,(m)+B,(m)<1 forall n eY.

Definition 1.3.4

An Intuitionistic Fuzzy Relation (IFR) n=(a,(m,A),B,(m,A)) in an Universe
YxY(m(Y —Y)) is an intutionistic fuzzy set of the form

n={M.2A), 0, (,2),B, (0, W) (U, V) eY x Y|

Where a, :YxY —[0,1] andB, : Y x Y —[0,1]. The Intuitionistic fuzzy relation
m satisfies 0<a,(m,A)+B,(n,A) <lforalin,AeY.
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Definition 1.3.5

A Pythagorean Fuzzy Set (PFS) on a universe Y is an object of the form

m={n, o, ),BMm)In Y}

Where o, :Y —[0,1] and B, :Y —[0,1] represents the membership and non-
membership  functions of m, and «a,, satisfies the condition

0<al(n)+piMm)<iforall neY.

Definition 1.3.6

A Pythagorean Fuzzy Set n on YxY is said to be a Pythagorean Fuzzy
Relation (PFR) on X, denoted by

n ={ (o, (1), B, (M) I nre Y < Y

Where o, :YxY —[0,Jand B,:YxY —[0,1] represents the membership
function and non- membership functions of n, o, ,pB, satisfies the condition

0<a?(nA)+pi(mra)<iforallnreYxY.
Definition 1.3.7

Let Y be a Universe, then a Cubic Set (CS) has the following form

m={y,a,(¥).Bn (YD yeY}
In which o is an interval value fuzzy set and B is a fuzzy set.

Definition 1.3.8

LetY be a Universe. A Neutrosophic Set (NS) over Y is defined by

M=y, (T, (). Ry Y}

Where  T,(y),l.(y)and F,(y)are called truth-membership  function,
Indeterminancy membership function and falsity-membership  function,
respectively. They are, defined byT,(y):Y —>[017,1.(y):Y—>[0,17],
F(y):Y >[0,17] suchthat "0<T,(y)+I,(y)+F(y)<3".



Definition 1.3.9

A Spherical Fuzzy Set (SFS) on a universe Y is an object of the form

m={n, a,(), Bn(n).t,()In €Y}

Where o, :Y—=[0,1] , B,:Y—[0,1] and <,:Y—[0,1] represents the
membership, non-membership and Indeterminancy functions of m, and o ,f,,
and 7, satisfies the condition 0<a? (n)+p2(n)+t3Mm)<1 forall n eY.
Definition 1.3.10

A Spherical Fuzzy Set n on YxY is said to be Spherical Fuzzy Relation (SPR)
onY , denoted by

n={(n o, (MA)B, (M2) 7, (W) Inre Y x Y

o, :YxY—[01], B, :YxY —>[01], 1,:YxY —[0,1]

represents the membership ,non-membership and Indeterminancy of n and o, ,f3,
and 7, satisfies the condition 0<aZ(mA)+p%(MA)+t2(mAr)<l for all m
eYxY.

Definition 1.3.11

Let Y is a nonempty set. A Bipolar Fuzzy Set (BFS) B inY is an object having
the form

B={y.(ab (.ol W) ye Y},

Where, ol Y —[0,1] anda) : Y —[0,1] are mappings.

We use the positive membership degree ol (y)to denote the satisfaction degree of
an element y to the property corresponding to a bipolar fuzzy set B and the
negative membership degreeay (y) to denote the satisfaction degree of an
element y to some implicit counter property corresponding to a bipolar fuzzy set
B. If and it is the situation that y is regarded as having only positive satisfaction
for B. If ai(y)=0and af(y)=0it is situation that y does not satisfy the

property of B but somewhat satisfies the counter property of B. It is possible for

11
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an element yto be such that af(y)=0andaj(y)=0 when the membership
function of the property overlaps that of its counter property over some portion of
For the sake of simplicity, we will use the symbol B=(a%, oY ), for the bipolar
fuzzy set.

Definition 1.3.12

A Graph G is finite non-empty set of objects called vertices together with a set of
unordered pairs of distinct vertices of G, called edges. The vertex set and the edge
set of G are respectively denoted by V(G) and E(G) is denoted by G=(V, E).
Definition 1.3.18

A Fuzzy Graph (FG) on a non-empty set Y is a pair g=(m,n) with m a FS on
Y and N afuzzy relation on Y such that

o, (NA)<a, ()aa, (1)
Forall n,AeY ,where m:Y —[0,1] and n:YxY —[0,1].
Definition 1.3.19

An Intuitionistic Fuzzy Graph (IFG) on a non-empty set Y is a pair g=(m,n)
with m anIFSon Y and n an IFR on Y such that

o, (MA)<a, (M)A, (d) . B, (1) B, )V B, ()

And 0< o, (mA)+B,(MA)<1 foralin,AeY , where o, : YxY —[0,1]and
B, :YxY —[0,1] represents the membership function and non- membership
functions of n, respectively.

Definition 1.3.20

A Pythagorean Fuzzy Graph (PFG) on a non-empty set Y isa pairg = (m, n)
with m aPFSon Y and naPFR on Y such that

o, (MA)<a, (M)Aa, (k) B, (1) B, M)V B, ()

and0< o?(nA)+B2(mA)<1 for all m,AeY, where a, :YxY —[0,1]and
B,:YxY —[0,1] represents the membership function and non- membership
functions of n, respectively.



Definition 1.3.21

A Cubic Graph is a triplet G=(G",P,Q)where G =(V,E)is a graph,
P =(a,, B, ) is @ cubic set onVand Q = (e, B, ) is @ cubic set on Vx V' such that
agmA) <min fo, (), s (A)}, Bo(n2) 2 max {B, (), B, (M)}

Definition 1.3.22

A Spherical Fuzzy Graph (SFG) on a non-empty set Y is a pair g=(m,n) with
M anSFSon Y and N an SFRon Y such that

o, ()<, () aag, (d) . B,(MA)<BLM)AB, () T,(MA) = T, (MA)v T, (n))

and 0<a(mA)+p2(A)+?(na)<1forall n,AeY , where, o, :YxY —[0]]
B,:YxY—[01] and rt,:YxY—[0,1] represents the membership, non-
membership and indeterminacy functions of n, respectively.

13
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CHAPTER-2
Bipolar Spherical Fuzzy Neutrosophic Cubic Graph
Definition 2.1

Let X be a non-empty set. A Bipolar Spherical Fuzzy Neutrosophic Cubic Set
(BSFNCS)

A= {X,(TAP+, IAP+1FAP+)(TAP_! IAP_’FAP_)XA X € X}

Where T,” 1,7 F," : X > [01], T,", 1,7 F." :X—=[01], &,:X—[0]1]
are  the  mappings such that 0< ((TAP+ )2 + (I N )2 + (FAP+ )2)3 J3and

Os((T,f‘)2 +(15Y +(F,§")2)s J3and T.*denote the positive truth membership
function, 15" denote the positive indeterminancy membership function, F;* denote
the positive falsity membership function, T~ denote the negative truth
membership function, 17~ denote the negative indeterminancy membership

function, F;~ denote the negative falsity membership function and X , denote the

fuzzy membership function.

Definition 2.2

Let G* = (V,E) be a graph and G(P,Q) is a Bipolar Spherical Fuzzy Neutrosophic
Cubic Graph (BSFNCG) of G*, if

P=(AL)= V(T L7 BT L5 R
is the BSFNCS representation of vertex set V and

Q= (B1H): {\/,(TAP+, IAP+1FAP+)'(TAP_’ IAP_! FAP_)aHB}

is the BSFNCS representation of edge set E such that

14
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Fg+(uivi)3”mx{ P+( )FP+( )}F$+(Ui’vi)2rmn{F5+(ui)7F$+(Vi)}

Fo(uv,)> rmin{,ﬁ‘(ui),F,i‘(vi)},Ff‘(ui,vi)zrrmx{Ff‘(ui),Ff‘(vi)}
Let G* = (V,E) be a graph and G(P,Q) is a Bipolar Spherical Fuzzy Neutrosophic
Cubic Graph (BSFNCG) of G*, if
P=(AL)= (T L7 BT L R
is the BSFNCS representation of vertex set V and

Q= (B1H): {\/,(TAP+, IAP+1FAP+)'(TAP_’ IAP_! FAP_)aHB}

the BSFNCS representation of edge set E and Aand p are a Bipolar Spherical
Fuzzy Neutrosophic Cubic Sets.

Example 2.3

Let G* =(V,E) be a graph where V={a,b,c,d} and E={ab,ac,ad,bc,bd,cd} where

P and Q are as follows:

a,([0.3,0.5]0.2),([0.8,0.9],0.5), ([0.2,0.4
{ ~0.4, 03] 02)([ 0.6,-0.5]-0

10.5)

8),([-0.9,-0.8] 06)}
([0.9,0.1]0.7),([0.6,0.8],0.2) ([0.4,0.7],0.1

{([ 0.8,-0.7] 05 ([-0.5,-0.2]-0.1),(]- 0.3,-0.2] - }

¢,([0.3,0.6]0.8),( 0406]07)([0506]04

{([ 0.5,-0.4]-0.1),([- 0.6,-0.3]-0.1),([- 0.7,-0.6] — }

d,([0.1,0.3]0.5), 0203]06)([0.6,0.7,0.8

{([ 0.8,-0.6]-0.2),([- 0.7,-0.3]-0.2),([- 0.9,-0.6] 04}



ab,([0.3,0.1],0.7), [0608 0.5),([0.4,0.7],0.2)

{([ 0.4,-0.7]— ~0.4,-0.3]-0.5),([- 0.5, 02],—0.8)}

ac, 0305]08 (0406]07)(0506)04

{([ 0.4,-0.3]-0.2),([-0.6,-0.3]-0.8),(|- 0.9,-0.8] 03)}

ad, ([0.1,0.3]0.5) (0203]06)([0607]05)

{([ 0.4,-0.3]-0.2),(|-0.6,0.3]0.8), (|- 0.9,—0.8],—0.4)}
o be,([0.3,0.1],0.8), (0406 0.7),((0.5,0.7],0.1)

{([ 0.5,-0.4]-0.5),([- 0.5,-0.2] -0 .1),([—0.7,—0.6],—0.1)}

bd, ( [0101 10.7) (0203 0.6),([0.6,0.7],0.1)

{([ 0.8,-0.6]— ~0.5,-0.2]-0.2),([- 0.9, 0.6],—0.1)}

cd([0.1,0.3},0.8),( [0203 0.7),((0.6,0.7],0.4)

{[ -0.5,-0.4]-0.2),([- 0.6,-0.3]-0.2),([- 0.9, 0.6],—0.3)}

b b
\aﬁ-
o bd
dc d
Figure 2.1

The vertex set in P and the edge set in Q are represented for the graph

G* =(V,E)
Remark 2.4

. If n>3in the vertex set and n >3 in the set of edges then the graphs in a bipolar
neutrosophic cubic polygon only when we join each vertex to the corresponding

vertex through an edge.
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2.

If we have infinite elements in the vertex set and by joining the edge and every

edge with each other we get a bipolar neutrosophic cubic curve.
Definition 2.5

Let G = (P, Q) be a bipolar spherical fuzzy neutrosophic cubic graph. The order of

bipolar spherical fuzzy neutrosophic cubic graph is defined by

0(G) = Z{(T?’T:Jr Xu)’ (|/P:, 17 Xu), (F,Eﬂ Fr Xu)}

(T ) (w), (1508 ) (R R Yw)

ueVv

and the degree of a vertex u and G is defined by

{(T;“ TN ), (187,17 Y, (R B )(uv>}

deg(u)= > (T, TP (W), (1817w ) (B, FP Nwv)

uveV

Example 2.6

In the above example, the order of a bipolar spherical fuzzy neutrosophic cubic

graph

[0.9,0.2],2),([1.2.1.7]1.8),([1.5,2]1),
[-1.2,-0.9]-0.9),([-1.7,-0.8]-2.4) ([—2.7,—2.4],—0.8)}

(
(
(
(

([0.7,0.9]2.4),(11.5] 2.1), ([1.6,2},0.9),
([~1.4-1.1]-0.9),([-1.7,-1.8]-1.1),(- 2.5,-2], 07)}

deg(a)= { )](09
[0.7,0.3]2.2),([1.21.7]1.8),([1.5,2.1]0.3),

deg(b)= {[ 1.7,-1.3]-1.5),([-1.5-0.6}-1.1), (- 25,—2],—0.3)}

deg(c) - { )([)

([0.3,0.7]2),([0.6,0.9]1.9),([1.8,2.1] 1)

degld)= {([—17 -1.3]-0.9),(-1.7,-0.8]-1.2),([- 2.7,-2] 08)}

17



Definition 2.7

Let G, =(P,Q,) be a bipolar spherical fuzzy neutrosophic cubic graph of
G; =(v,,E,)and G, =(P,,Q,) be a bipolar spherical fuzzy neutrosophic cubic
graph of G; = (V,, E, ). The Cartesian product of G,and G, is denoted by

G, xG, :(Plx Pz)lleQz

(AP ) s (AR 20 ) (A28 ) (AR 0 ),]
(B7, > )x (BE, o (BY )< (BSd)

(A AT 5 AT AT 20
=L (BY % B uf x i) (BY X B, sl wpid)

P+ P+ P+ P+ P+ P+
(TA1><A2 ! Txlxxz )’ (I AxA, ! lexxz )’ (I:A1><A2 ! Fxlxkz )
P- P— P- P— P— P—
(TAlez ! Tklxkz )’ (IA1><A2 ! Iklxkz )! (FAlel ! Fklxxz)
P+ P+ P+ P+ P+ P+
(Tope, s T ) (loes, » L, ) (Fae, Fu,)

Hy XM BixByp ' Tyxp, HaxHp

(Tore,» T (e, o Vo) (Feas, » P,

1

G, xG, =

and is defined as follows:

) (TK;AZ (u,v)=rmin {T,E: (u) T (v)} T, (U, v) =rmax {T{: ) T (v)}J
' Toa, (U v)=r max{T,il‘ (u) To (v)} T, (u,v)=rmin {T{: ()T (v)}

[ aen (u,v) = rmin {15 () 15 (W)} 122, (u,v) = Fmax 1 (u) 12 (V)},J
W, (V) = rmax i (u) 5 (W, (u,v) = rmin {7 (0), 17 (v)]

; Foi, (uv)=r max{FAFl’+ (u).For (v)} For (uv)=rmin {F{* (u).For (v)}}
' Fioa, (U,v)=rmin {FAf‘(u), FAF;_(V)}, Frouv)=r max{Ff‘ (u)F- (v)}

18



T, (U, VL) (U, V) = Fmin (T2 (u), TS (v, v,) }
T 6, (U, V1) (U, V) = rmax {T2 (), T2 (v, v,) |
TP (U V) (U, V) = Fmex {TP (u), TP (v, v,)

T2 (U, V) (U,v,)) = rmin (T2 (u), TP (v, v,)

18 o ((U,V;)(U, V,)) = rmin {157 (), 187 (v, v,) |
126, ((U,Vy) (U, v,) = rmex 1% (u), 157 (v, v,)},
1P (U, vy (U, V) = rmex (7 (u), 17 (v, v,) |

17 (U, V) (U,v,)) = rmin {I7-(U), 179 (v, v,)}

FE e, (U, V1)U, V) = rmax {F2" (u), FE* (v, v,)},
FE e, (U, V1) (U, V) = rmin {FE(u), B (v, v,) |
R (V) (U, vy)) = rmin (B (), FP (v, v,) |

Fo (U, V) (U,V,)) = rmax B (u), 7 (v, v,))

To s, (U, V)(U,, V) = Fmin (T2 (uy,u,), TP (v)
To e, (U V) (U, V) = rmax {TE (U, u,), T (V)
T () (U ) = e TP U, ), T2 ()
To., (U, V) (Uy, v)) = rmin {T: (U, u,), T (v)}

12 6. ((Uy, V)(U,, V) = rmin {12 (uy, u,), 15 (V)
12, ((Uy, V) (U, v) = rmex {15 (uy, u,), 17 ()}
P () (U, ) = rmax Py, ), 15 ()

1P (V) (U, ) = Fmin 7 (U u,), 18 ()

F2' e, (U, V)(U,, V) = rmax R (uy, u,), B (V)
FE e, (U3, V) (U, V) = Fmin {FE(u,, u,), 7 (v)

: F:;z((ul,v)(uz,v)):rmin {F;*(ul,uz),Ff;(v)},

F (V) (U, V) = rmax 7 (u,, 1), F* ()

19



Example 2.8

let G,=(R,Q)be a bipolar spherical fuzzy neutrosophic cubic graph of

G; =(V,, E,) as shown in figure, where V, ={a,b,c}, E, ={ab,bc,ac}.

a,([0.3,0.6],0.8),([0.4,0.6]0.7),(0.5,0.6]0.4),
ﬂposrad;aa([07 —0.3]-0.2),(]-0.9,-0.6]-0 }
o _ b,([0.1,0.3],0.5),([0.2,0.3]0.6),([0.6,0.7],0.8)
b ﬂPOA;Qﬂ,OQ([OG -0.5]-0.8), Log —0.8] oaﬁ

¢,([0.3,0.5]0.2),(]0.8,0.9]0.5),([0.2,0.4]0.5)
ﬂpos -0.7]-0.5),([- 0.5,-0.2]-0.2),( Pos -0.2]-0.1

[0.2,0.3],0.7), 060704
POG —0.3]-0.8),([-0.9,-0.8] -

)
: 09)

0406 0.7), 0506 0.4)
: o)
)

ab, ([0.1,0.3],0.8)
([-0.4,-0.3] -

{ ) (|
0.2).(
ac, osoﬂos(
&[08 —0.6]-0.5),([- 0.5,-0.2] - ~0.9,-0.6]—
{ ).([0.2,0.3]0.6), 060704
0.5).([

~0.5, 02 —0.8), Pog -0.8]-0.1

b, 010ﬂ05
([-0.4,-0.3] -

And G, :(PZ,QZ)be a bipolar spherical fuzzy neutrosophic cubic graph of
G; =(V,,E,) as shown in figure, where V, = {x,y,z}, E, ={xy, yz,xz}

x,([0.5,0.6],0.3),([0.4,0.7]0.1),([0.2,0.3]0.5),
ﬂPOJ:QﬂrQD([O4 —0.2]-0.5),([-0.5,-0.4], o@}
y,([0.1,0.2],0.4),(]0.7,0.3],0.9),([0.2,0.4],0.1)
P2 = &Pos -0.2]-0.1),(|- 0.5,-0.3]-0.2),([- 0.7, 05]03%
{zd030ﬂ02)QO50d07)q 2,0.6],0.8) }
]

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

20
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xy,([0.1,0.2]0.4),([0.4,0.3],0.9),([0.2,0.4],0.2)
iposraﬂ,on([OAroﬂ 0.5),([-0.7, aﬂroa}
xz,([0.3,0.5],0.3),([0.4,0.6]0.7),(0.2,0.6],0.5)

Q.= <hPOJ;Qd,OQ(POA,Oﬂ )([09,04}02ﬁ
yz,([0.1,0.2],0.4),([0.5,0.3]0.9),([0.2,0.6],0.1)
{¢0&Q40$¢@5ﬂﬂ4@ﬂ4&4ﬂﬁmﬁ

Then G, xG, is a bipolar spherical fuzzy neutrosophic cubic graph of G, xG; as

shown in figure, where

V%V, ={(ax).(ay)(@2){b.x)(b.y) (b.2) c.x).(c.y) (¢, z}rand

(a, ), ([0.3,0.6],0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4),
{([ 0.7,-0.6],-0.2), ([-0.4,—-0.2],-0.5), ([-0.9,—0.6], 0.3)}
(a,y), ([0.1,0.2],0.8), ([0.4,0.3],0.9), ([0.5,0.6],0.1),
{[ 0.3,-0.2],-0.2), ([-0.5,—0.3],~0.2), ([-0.9,~0.6], 0.3)}
(a,z),([0.3,0.5),0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4),
{([ 0.8,-0.6],—0.5), ([~0.7,—0.3],-0.3), ([-0.9,~0.6], 02)}
(b, x), ([0.1,0.3],0.5), ([0.2,0.3],0.6), ([0.6,0.7],0.5),
{([ 0.4,-0.3],-0.2), ([-0.4,-0.2],—0.8), ([-0.9,-0.8], 03)}
(b, y), ([0.1,0.2],0.5), ([0.2,0.3],0.9), ([0.6,0.7],0.2),

PuP2 = {[ 0.3-0.2],-0.2), ([~0.5,-0.3],-0.8), ([-0.9,-0.8], 0.3)}
(b, ), ([0.1,0.3],0.5), ([0.2,0.3],0.7), ([0.6,0.7],0.8),

{([ 0.4,-0.3],-0.5), ([~0.6,—0.4],-0.8), ([-0.9,~0.8], 02)}

(c,x), ([0.3,0.5],0.3), ([0.4,0.7],0.5), ([0.2,0.4],0.5),

{([ 0.7,-0.6],-0.5), ([-0.4,—0.2],~0.5), ([—0.5,—0.4], 01)}

(c,y),([0.1,0.2],0.4), ([0.7,0.3],0.9), ([0.2,0.4],0.1),

{([ 0.3-0.2],-0.5), ([-0.5,-0.2],-0.2), ([-0.7,-0.5], 01)}

(c,2),([0.3,0.5],0.2), ([0.5,0.6],0.7), ([0.2,0.6],0.5),

{([ 0.8,-0.7],-0.5), ([—0.5,-0.2],—0.3), ([-0.9,-0.4], 01)}



((a,x)(a,y)), ([0.1,0.2],0.8), ([0.4,0.3],0.9), ([0.5,0.6],0.1),

{([ 0.3,-0.2],-0.2), ([-0.4,-0.2],-0.5), ([-0.9,—0.6], 03)}
((a,y)(a,2)), ([0.1,0.2],0.8), ([0.4,0.3],0.9), ([0.5,0.6],0.2),

{([ 0.3,-0.2],-0.5), ([-0.5,-0.3],—0.3), ([-0.9,-0.6], 02)}
((a,z) (b, 2)), ([0.1,0.3],0.8), ([0.2,0.3],0.7), ([0.6,0.7],0.4),

{([ 0.4,-0.3],-0.5), ([-0.6,—0.3],-0.8), ([-0.9,-0.8], 02)}
((b,x) (b, y)), ([0.1,0.2],0.5), ([0.2,0.3],0.9), ([0.6,0.7],0.1),

{([ 0.3,-0.2],-0.2), ([-0.4,-0.2],-0.8), ([—0.9,-0.8], 03)}
(b, x) (b, 2)), ([0.1,0.3],0.5), ([0.2,0.3],0.7), ([0.6,0.7],0.5),
{([ 0.4,-0.3],-0.5), ([-0.4,-0.2],—0.8), ([-0.9,-0.8], 02)}
((c,y)(c,2)), ([0.1,0.2],0.4), ([0.5,0.3],0.9), ([0.2,0.6],0.2),
{([ 0.3,-0.2],-0.5), ([-0.5,-0.2],-0.3), ([-0.9,-0.5], 01)}
((c,x) (¢, 2)), ([0.3,0.5],0.3), ([0.4,0.6],0.7), ([0.2,0.6],0.5),
{([ 0.7,-0.6],-0.5), ([—0.4,—0.2],-0.5), ([-0.9,-0.4], 01)}
(a,x) (c, x)), ([0.3,0.5],0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4),
{([ 0.7,-0.6],-0.5), ([-0.4,-0.2],-0.5), ([-0.9,-0.6], 01)}

Q,xQ, =

Figure 2.2

The vertex set in P, and the edge set in Q,are represented for the graph

= (P1:Q1)
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. X7

L Y

Figure 2.3

The vertex set in P, and the edge set in Q,are represented for the graph

G, Z(PZ’QZ)
Proposition 2.9

The Cartesian product of two bipolar spherical neutrosophic cubic graph is again a
bipolar spherical fuzzy neutrosophic cubic graph.

Proof

For P, x P, the condition is obvious. Now we verify the condition only for Q, xQ,

where

_ P+ P+ P+ P+ P+ P+ P— P— P— P— P— P—
Ql X Q2 - {(TBﬁBz ’Tulxuz )’ (I BxB, ! IHlez )’ (F31XBz ! Fulxuz )’ (T81XBZ ’Tulxuz )’ (I BxB, ! Iulxuz )’ (FBIXBZ ! FH1XH2 }

Then

Toe, ((UU,) (0,v,) = rmin (T2 (W), T2 (4, v,)}
<rmin {(T5 (u), (rmin( T2 (u,), T2 (v,))) |

=rmin {r min( o7 (u), TAr (u,)), rmin( T (u), TA! (Vz))}
=rmin {((Tf\’l+ xTa ) (), (Ta x T, )(UVz))}



Tos, (U,U,) (U, v,)) = rmax {TE- (), TE (U, v,)}
> 1 min {(Tﬁl’ (u), (rmax( T, (u,), Ta, (Vz)))}
= rmax{r max( Ty (u), TA (u,)), rmax(Tx (u), TR, (Vz))}

= rmax (T2 < T2) (W,), (T5 < T2 )(Wv,)) )

TP ((U,U,) (U, V) = rmax (TP (u), TP (u, v,)}
< rmax {(Tfl* (u), (rmax(T;" (u,), T, (Vz)))}
= rmax{r max( T, (u), TS (u,)), rmax(T] (u), T, (Vz))}

= rmax (TP < TP*) (), (TP x TP )(wv,)}

TP ((U,U,) (U, v,)) = rmin {TP(u), T (U, v,) }

> rmin {(TP~(u), (rmin( TF (u,), T2 (v,))}

= rmin {r min( TP (), T2 (u,)), rmin( T2 (u), T (v,)) )
= rmin {(TP < TP) (uu,)), (T X T2)(W,)) )

120 6. ((U,U,) (U, ;) = Fmin {15 (), 15 (U, v,) |
<rmin (15 (u), (rmin 152 (u,), 1% (v,)))
= rmin {r min( 1% (u), 157 (u,)), ¥ ming 17 (u), 157 (v,))}

= rmin {((157 % 15) (), (15 < 150)(wv,) |

15 6, ((U,U,) (u,v,)) = Fmax {15 (u), 12 (u, v,) |

> rmax (1%, (), (r max(1% (u,), 1% (v,)))}

= r max {r max( 1% (u), 15 (u,), rmax( 1% (u), 1% (v,)}
= rmax {((15 x 15) (wu,), (15 % 15w ,))

1P ((U,U,) (U, V,)) = rmax {12 (u), 12 (u, v,) |

< rmax (17 (u), (r max( 17 (u,), 17 (v,)) |

= rmax{r max( 15" (u), 17" (u,)), rmax(1%* (u), 15 (v,))
= rmax {((17" < 17%) (wu,)), (1" < 127 )(wv,))
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1P ((U,U,) (U, v,)) = rmin 127 (u), 15 (u, v,) |
> rmin {(1° (u), (rmin( 17 (u,), 17 (v,))) }
= rmin {rmin( 12(u), 12 (u,)), Fmin 17 (), 12 (v,))

= rmin {((177 % 177) (uu,)), (15 < 12)(w,)

1

R, (U, U,) (U,V,)) = rmax {FE (u), R (u, v,)}
< rmax {(Fﬁj(u), (rmax(F," (u,), Fa” (Vz)))}
= r max {r max(F," (u), Fa7 (u,)), r max(FL~ (u), Fa (Vz))}

= rmax {((FL < F27) (u,), (R x P, )

Foe, ((U,U,) (U, v,)) = Fmin {F (u), FE: (u, V),

> rmin {(F2"(u), (rmin( F2-(u,), F (v,))) }

= rmin {r min( F (u), X (u,)), rmin( F (u), 2 (v,))}
= rmin {((FX < FX) (wu ), (FE < FE)(w,))

Fo (U,u,) (U, v,)) = rmin 77 (u), 2 (u, v,
<rmin {(Ffl*(u), (rmin( F" (u,), B (Vz)))}
=rmin {r min B (u), B (u,)), rmin( B (u), Ff* (Vz))}

= rmin {((F7" x F7) (W), (7 x FT)(wv,))

FP ((U,U,) (U, v,)) = rmax {FP(u), B> (u, v,)},
> rmax (7 (u), (r max(F7(u,), - (v,)
= r max {r max( Fo (u), B (uy)), rmax(F.~(u), Ff;(Vz))}

— rmax {(F° x F27) (w,), (B xFE)(Wv,)) )

Similarly, we can prove it for w e V,and u;,u, €E,
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Definition 2.10

Let G, =(P,Q,) and G, =(P,,Q,) be two bipolar spherical fuzzy neutrosophic
cubic graphs. The degree of a vertex in G, x G, can be defined as follows for any

(U, xu,) ev, xV,

deg(Tx < Ta)) (U, Uy)
= Z r mX(T§1+ XT;;) ((ug, uy)(vy,v,)) = Z r maX(T:: (u), Tg: (uz, V)

(Uguz) (v1v,)€E, U;=V;=U,U, V,€ E,

2 rmax(To W), T (U v+ D rmax(Tg (uy,vy), Tg, (U, V)

Up=V,=W,U;v;eE Up=v;=U,u, v, ek,

deg(TZ xTZ) (u,,U,)
= 3 rmin(TY XTI (U UV Vo) = Y rmin( T (), T (U, v,)

(uguy) (viv,)€Ey Uy=Vy=U,U, Vye E,

+ 2, rmin(Tr(w), g (u v)) + D rmin(TE (ug,vy), Te) (U, v,))

Uy=V,=W,u;v,€E U;=Vvi=u,u, v, ek,

deg(T." xT,") (uy, u,)
= Z r min( T::Jr XT;:)((ul’Uz)(Vl’Vz)) = Zrmin( T}:+(U),T;2+(U2,V2))

(ugUz) (vyv,)€Ey U=Vy=U,U, Vo€ E,

+ > rmin( T (w), T (U, vy))+ Do rmin( T (U, v,), T (U, v,)

Uy=V,=W,u;v,€E U;=vi=u,u, v, ek,

deg(TxP; X T)Zi) (u;,uy)
= > rmax(Tr < Ty ((uy, up)(v Vo)) = D rmax(Ty (u), T (U, v,))

(UgUz) (vivo)€Ey U=V=U,U, Ve E,

+ > rmax(To (W), To (uy, vy))+ D rmax(T (U, v,), T (U, v,))

u;=v,=w,u,v;eE Up=Vy=U,U, v, €E,

deg(lx x ) (U, u,)

= 2 rmax(Ig < g (U, up)(vi v ) = D rmax(l (u), 1) (U, v,))

(ugU) (viv,)€Ey U;=V;=U, U, V€ E,

+ 2 rmax(In(w), g (U i)+ D rmax(lg (uy, vy), 1) Uy, v,)

U;=V,=W,uv,eE Uj=vi=U,u, v, €E,



deg(1%, x12,) (u,,u,)
= Y rmin( <) (U UV ) = S rming 1 () 15 (U, v,))

(UgU) (vivo)€E, U =V=U,U, Ve E,
+ Z rmin( IZ: (W) IP+(u11V1))+ Zrmin( I;r(ulvvl)! I;:(u21v2))
Uy=V,=w,u;v;€E Uj=v;=U,u, v, €E,

deg(17" x 177) (u,,u,)
= Ym0 X D) (U UV Vo) = S rming 1 (), 15 (U, v,))

(Uyu) (vivo)€E, U=Vi=U,u; Vo€ Ep
+ > rmin( N (w), B (uy,v))+ D rmin( R (ug, vy), 1 (U, v,))
Uy =V,=W,uv,eE U;=Vv;=U,U, v, €E,

deg(l}, x1;) (u;,u,)
= > rmax(I <) (U, Up)(ve, Vo)) = D rmax(15(u), 15 (U, v,)

(Uguz)(v1v2)€E, U;=V;=U,U, V,€ E,
+ > rmax(1 (w), I (u,v))+ o D rmax(ly (ug,vy), 1 (U,,v,)
Up=V,=W,U;v; eE Ug=V;=U,U, v, €E,

deg(Fa’ x Far) (uy,u,)
= Z r min( FP+ X FP+) ((ug,up)(vy, V) = Z r min( F:: (u), FP+ (Uz,V))

(uguz) (vpv,)€E, U=Vy=U,U, V,€ E,

Y emin(EL W) (U v+ S eming S (uy, ), B (U, v,)

Up=v,=w,u;v,eE Up=v;=U,u, v, ek,

deg(Fa, x Fx,) (u;,u,)

= > rma(F xR (U u)(va ) = S rmax(FY (W), FE (U, v,)
(ugUz) (vivo ) €Ey U=V, =U,U, Vy€ E,

+ 2 rmax(FU (W) R (unv))+ D rmax(Rg(uy, Vi), RS (U, V)
Uy=V,=w,u,v,eE u;=v;=U,U, Vv, €E,

deQ(F;z+ X FLP:) (ug,u,)
= z r max( F:)Jr XFP+)((U1,U2)(V1,V2)) = Zrmax( F{?(U), F::(Uzvvz))

(uguz)(vav,)€E, Uy =Vy=U, U, Vo€ E,

+ 2 rmax(FL (W), I (up v+ D rmax(FE (U, vi) 1 (U, v,))

Up=v,=w,u;v,eE Up=v;=U,u, v, €E,
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deg(FxP; X F:;) (ug,u,)
=Y rmin(F X E) (U v) = Y rminF (), (U, v,)

(ugu) (Vivo) €E, Uy =Vy=U,U, Vo€ E,

+ > rmin(F (W), FD (U v))+ Y rmin( F (U, vy), B (U, v,)

U;=V,=W,u;v;€E u;=V;=U,uU, v, €E,

Definition 2.11

Let G,=(P,Q,)be a bipolar spherical fuzzy neutrosophic cubic graph of
G; =(V;,E;) and G, =(P,,Q,)be a bipolar spherical fuzzy neutrosophic cubic
graph of G} =(V;,E;).Then the composition of G,and G, is denoted by G,[G,]
and defined as follows:

(P, Q,JP,.Q,]

_{rP.JD)

{Avkl)[sz?‘z]’ (Bl’Hl)[Bz’uz]}

{(Al [Az ]1 A [7“2 ])’ (Bl [Bz ]v My [Hz ])}

(T o T (T o TN (1R o 1), (15 o 1), ((FS o Fal ) (R o L)),
(T o T ) (T o TN (U, o L) (1 o 1)), (FA o FL ). (B o))

<«T§: o Te ) (T o To N (15 o 150, (I o 179)), (R o FE9), (Fo7 o F:j»,>

G,[G,]

(Ta o Ta ) (To o TN (Mg, o 1), (15 o 1)), (Fe o Fg ). (Fy o F.))

1. VY(u,v)e(v,v,)=V

(Ta o Ta )(u,v) = rmin( T (u), T (), (T 0 T )(u, v) = max( T (u), T, (v))
(Ta, © Ta (U v) =rmax(T(u), T, (W), (T o ) (u,v) = min( T2 (u), T (V)
(I o L) (u,v) = rminC 17 (u), By (V). (15 @ 157)(u, v) = max( 157 (u), 157 (v))

(I, © Ta,)(u,v) = rmax(l (u), 1, (), (15 o 15))(u, v) = min 15 (u), 17 (v))

(Fa, o Fa))(u,v) = rmax(FL (u), Fa) (W), (R o F))(u, v) = min( B (u), B (V)
(Fa, o Fa, )(u,v) =rmin( Fy-(u), By, (W), (o )(u,v) = max(F; (u), F, (V)
2. YueV,andv,v, €E

(Te, o Ta, ) (U, vy) (U, v,)) =rmin( TL! (u), Tg! (v,v,)),

(T o T ) (U V), v,)) =max(T; (u), T (v, V)
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(Te, ©Tg, ) ((u,v;) (U, v,)) = rmax( T, (u), Tg, (V,V,)),
(T o T ) (U, v,)(u,v,)) = min( T, (u), T, (v, V)
(15 o 1g0) (U, V) (U, v,)) = rmin( 1 (), 15 (V;V,)),
(15 o 15 (U, va)(u, v,)) = max(17 (u), 15 (v, v,))

(15, @ 15,) ((u, v;) (U, v,)) = rmax( 1, (u), 15, (v,v,)),

(1, 1) ((u,vy)(u, v,)) = min( 15 (u), 17 (v, V,))

(Fs o Fs,) ((u,vy) (U, v,)) = rmax(FL (u), Fg) (v;V,)),

(FL" o Fo) (U, vi)(u, v,)) = min( B (u), B (v, V)

(Fa, o Fg,) ((u,vy) (U, v,)) = rmin FZ (u), Fg, (vv,)),
(R o F ) (U v)(u,v,)) = max(FY (), R (v, v,)

3. VveV,andu,u, €E,

(Te, © e, )((ug, V)(uy, V) = rmin( Tg' (U, u,), Ta! (V),
(T o T) (g, V)(Uy, V) = max(T " (uyu,), ToF (V)
(Tg, ©Tg, )((uy, V)(U,, V) = rmax(Tg, (U, u,), Ta_ (V)),
(To7 o To) ((uy, V)(U,, V)) = min( T (uyu,), Ty (V)
(15, © 15 )((uy, V)(u,, V) = rmin( 15 (u, u,), Ia (V)),
(15 o 15 ((ug, v)(uy, v)) = max( 15 (uyu,), 177 (V)
(15, © 15, )((uy, V)(u,, v)) = rmax(Ig, (U, u,), 1 (),
(15, 2157 ((uy, v)(uy, v)) = min 17 (u,u,), 157 (V)

(F3" o Fg, )((uy, v)(uy, V) = rmax( g (u, u,), Fa (V),
(FHP: o Ff;) ((ug, v)(u,, Vv)) = min( F;+(U1U2)1 Ff; (V)
(F3, o Fs, )((uy, v)(U,, v)) = rmin( B3~ (u, u,), By, (V)),
(F7 o o) ((uy, v)(u,, v)) = max(Fr (u,u,), B (V)
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4. v(u;,v,)(u,,Vv,)eE —E

(Te, o Te, ) ((uy, V) (Uy, V) = rmin( T, (v,), Tar (v,), Tg, (U, ),
(T o T (U Vo) (U, V) = max(T (vo), T (V) Tt (U, u,)
(Te, ©Tg, ) ((uy, Vi) (Uy, V) = rmax(Ty (v), Ta, (V,), Tg, (Ug, ),
(T o T ) (U Vi) (U, v,)) = min( T (vy), T (V,), T (Ug, U,)
(15, o 15)) ((uy, Vi) (U, Vo)) = rmin 1) (V). 1) (V). 1, (U, u,)),
(1 o 1) (Qug, Vi) (U, v,)) = max (157 (vy), 157 (v,), 1 (uy, u,))

(15, o 15,) (UL V1) (U, v,)) = rmax( I (vy), 1, (V). I, (U, u,)),
(1, o 15, (UL Vi) (U, v,)) = min( 1 (v,), 15 (v,), 1 (ug, u,))

(Fs, o Fg, ) ((uy,v) (uz, v,)) = rmax(Fe) (Vi) FR) (V,), P, (U, u,)),
(FL o R (U vy) (Ug, V) = minC B (vy), B (v,), R (up, u,))
(Fs, ©Fs, ) ((uy, Vi) (U, Vo)) = rmin Fy, (v,), Fe, (V,), Fe, (U, u,)),
(R o R ) (U v) (U, v,)) = max(F (v,), B (v,), Fo (uy,u,)

Example 2.12

Let G, =(V,,E,) and G, =(V,,E,) be two bipolar spherical fuzzy neutrosophic
cubic graphs, where V, =(a,b)andV, =(c,d). Suppose P,and P,be the bipolar
spherical fuzzy neutrosophic cubic set representation of V,and V,. Also Q,and
Q, be the bipolar spherical fuzzy neutrosophic cubic set representation of E,and

E, defined as follows:

a, ([0.4,0.7],0.3), ([0.3,0.5],0.6), ([0.8,0.4],0.7),
{([—0.4,—0.3],—0.1), ([-0.6,-0.5],~0.2), ([—0.8,—0.6],—0.2)}

*\ [b,([0.8,0.5],0.1), ([0.9,0.4],0.4), ([0.6,0.8],0.9),
{([—0.8,—0.3],—0.2), ([-0.9,-0.5],~0.5), ([—0.4,—0.5],—0.2)}

_ /[ab,([0.4,0.5],0.3), ([0.3,0.4],0.6), ([0.8,0.8],0.7),
Lo {([—0.4,—0.3],—0.2), ([-0.6,-0.5],~0.5), ([—0.8,—0.6],—0.2)}



¢,([0.3,0.6],0.9), ([0.4,0.7],0.5), ([1.0,0.2],0.3),
{([—0.5,—0.6],—0.3), ([-0.4,-0.5],-0.2), ([—0.8,—0.6],—0.1)}

27\ (d,([0.5,0.1],0.2), (0.8,0.3],0.4), ([0.9,0.4],0.1),
{([—0.8,—0.7],—0.3), ([-0.7,-0.4],-0.2), ([—0.6,—0.5],—0.4)}

)=

cd, ([0.3,0.1],0.9), ([0.4,0.3],0.5), ([0.9,0.4],0.1),
{([—0.5,—0.6],—0.3), ([-0.4,-0.4],-0.2), ([—0.8,—0.6],—0.1)}

For the two bipolar spherical fuzzy neutrosophic cubic graphs G; = (V,,E,)and
G, =(V,,E,) the vertex sets V, =(a,b)and V, =(c,d) and the edge sets E, and

E, represented.

C
ﬁ“
@
b a

Figure 2.4

The composition of two bipolar spherical fuzzy neutrosophic cubic graphs G, and

G, is again a bipolar spherical fuzzy neutrosophic cubic graphs, where
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(a,d), ([0.4,0.1],0.3), ([0.3,0.3],0.6), ([0.9,0.4],0.1),
([-0.4,-0.3],-0.3), ([-0.6,~0.4],-0.2), ([-0.8,-0.6] - 0.2)}
(b, c), ([0.3,0.5],0.9), ([0.4,0.4],0.5), ([1.0,0.8],0.3),
([-0.5,-0.3],-0.3), ([-0.4,0.5],~0.5), ([—0.8,—0.6],—0.1)}
(b, d)([0.5,0.1]0.2), ([0.8,0.3],0.4), ([0.9,0.8],0.1),
([-0.8,-0.3],-0.3), ([-0.7,~0.4],~0.5), ([—0.6,—0.5],—0.2)}

Pl[PZ] =

(a,c), ([0.3,0.6],0.9),([0.3,0.5],0.6), ([1.0,0.4],0.3),
{([—0.4,—0.3],_0.3), ([-0.4,-0.5],-0.2), ([—0.8,—0.6],—0.1)}

((a,c)(a,d)), ([0.3,0.1],0.9), ([0.3,0.3],0.6), ([1.0,0.4],0.1),
{([—0.4,—0.3],—0.3), ([-0.4,-0.4],-0.2), ([-0.8,—0.6],—0.1) }
((a,d) (b,d)), ([0.4,0.1],0.3), ([0.3,0.3],0.6), ([0.9,0.8],0.12),
{([—0.4,—0.3],—0.3), ([-0.6,—0.4],-0.5), ([0.8,-0.6],-0.2) }
((b,d) (b,c)), ([0.3,0.1],0.9), ([0.4,0.3],0.5), ([1.0,0.8],0.1),
{([—0.5,—0.3],_0.3), ([-0.4,-0.4],-0.5), ([-0.8,-0.6],—0.1) }
QulQ.1= ((b,c) (a,c)), ([0.3,0.5],0.9), ([0.3,0.4],0.6), ([1.0,0.8],0.3),
{([—0.4,—0.3],_0.3), ([-0.4,-0.5],-0.5), ([-0.8,-0.6],-0.1) }
((a,c) (b,d)), ([0.3,0.1],0.9), ([0.3,0.3],0.6), ([1.0,0.8],0.1),
{([—0.4,—0.3],—0.3), ([-0.4,-0.4],-0.5), ([-0.8,-0.6],—0.1) }
((a,d) (b,c)), ([0.3,0.1],0.9), ([0.3,0.3],0.6), ([1.0,0.8],0.1),
{([—0.4,—0.3],—0.3), ([-0.4,-0.4],-0.5), ([-0.8,-0.6],-0.1) }

(a,c) (a,0) (a,d) (ad)
»
o
£ &>
(a.) (b,c) ”'«zg (a,d) (b,d)
(b.) (b,0) (b.d) (b.d)
Figure 2.5

The composition of two bipolar spherical fuzzy neutrosophic cubic graphs G, and

G,
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Definition 2.13

Let G, =(P,Q,) and G, =(P,,Q,) be two bipolar spherical fuzzy neutrosophic
cubic graphs of the graph G; and G;respectively. Then M- union is denoted by
G, U,, G, and is defined by as

G, UM G, :{(Pl’Ql)UM (Pz’Qz)}:{Pl UM P Q UM Qz}

2

((Ta, Un T, (T U TN (R, U 1), (157 Uy 5D, ((Fe, Ui B (R Uy BD))

2

<«T,§’: U TED T U TP (5% U 15000, (157 Uy 159, ((FR7 Uy F2O)(FDT U, F:;»>

((Te, U Te,)) (T U TN (5, U 1), (15 U 1)), (Fe; Uy Fe)) (R U F2))

where

<«T§: Un To) (T U TN (5 U 15, (157 Uy 1290, ((Fa Uy RS9 (FL7 U, F:’;»>

Tar(u) Jfuev,—v,

(TP+U TP+Xu)— T (u) if u -
A Ym 4, =91, U) ' EV, -V,

rmax{TApl*(u),TK:(u) bifuev,ny,

To (u) ifuev,—-v,
(TKIUMTK;XU): TE;(U)’ fuev,—-v,
r min {T,fl‘(u),T,iz‘(u) } Jifuev,Nv,

T (u) Jifuev,—v,
(Tkpl+ U T;:X“): T2 (u), Jfuev,—v,
rmax{T2 (U) T2 () ) if uev, Ny,

TZ_(U), Jfuev,—v,
(T2 Uy T2 M) =175 (u), Fuev,—v,
r min {T{i‘(u),sz‘(u) } Jifuev,Nv,




|2:(U), Jfuev,—v,
(15 Uy 15 ) =115 (w), Fuev,-v,

rmax{lfg(u), 1% (u) b Lifuev, Ny,

1% (u), Jifuev,—v,
(1% Uy 15 Ju)=1 15 (w) ifuev,-v,
r min {Ii:(u),li;(u) bifuev,Ny,

15 (u), Jfuev, v,
(5 Uy 152 )= {17 w) ifuev,-v,
rmax{lil*(u),liz*(u) bifuev, Ny,

15 (u) Jfuev, v,
(I;; Un |;;XU)= Iiz_(u)’ Jfuev,—-v,
r min {Ii’l‘(u), 15 (u) bifuev,Nv,

o (u) Jfuev,—-v,
(FE Uy B2 ) =1 F2: (w), fuev,-v,
rmax{F,fj(u), o (u) } ifuev,Nv,

Fr (u), Jfuev,—v,
(FE U B o) = R ), fuev,-v,
rmax{Fﬁl‘(u), Fr (u) } Jfuev,Nv,

For(u), Jifuev,—v,
(F" Un B2 Ju)=1F2 (u), Fuev,—v,
rmin £ (W) F(u) | L if uev, Ny,

Tg1+(U2V2) Jfu,v, ev, —v,
(Tg1+ UM Tg;)(uzvz): Tg:(uzvz) Jfuv,ev,—v,

rmax{TBPl*(uzvz)TBP:(uzvz) } Jif u,v, eE,NE,



(Te, U TE(u,v,)

(TP U TE)(u,v,)

P_ -
Tg, (u,v,) Jfu,v, ev,—v,

P_ -
=1Ts, (u,v,) Jfu,v, ev,—v,

r min {T§1+(u2v2)T§:(u2v2) } Jif u,v, eE,NE,

P+ H
T, (u,v,) Jfu,v, ev,—v,

P -
= Tuz*(uzvz) ULV, ev, —v,

max{TFi*(uzvz)Tf:(uzvz) } Jif u,v, e E,NE,

P_ -
THl (u,v,) Jfu,v, ev,—v,

(T2 Up To)(Upv,) =T (u,v,) i ULV, eV, -V,

(15 Uy 18)(u,v, )=

(15 Uy 15)(u,v,)=

(1P Uy 17)(u,v, ) =

(17 Uy I2)(u,v,)=

min {Ti‘(uzvz)sz‘(uzvz) } Jif u,v, eE,NE,

P -
Ig, (U,V,) UV, ev -V,
P -
Ig, (U,V,) UV, eV, -V

rmax{lgl*(uzvz) I;:(uzvz) },if u,v, eE,NE,

P— -
M CA%Y) UV, eV -V,
P— -
lg, (U,V5) UV, eV, -V,

r min {|;1+(u2v2) I;:(uzvz)} Jif u,v, eE;NE,

P+ H
I CAS) Jfu,v, ev, —v,
P+ H
1. (U,v,) Jfuv, ev,—v,

max{lil*(uzvz) Iij(uzvz)} Jif u,v, e E,NE,
P_ -

1, (U,v,) Jf u,v, ev, -V,
I (u,v,) Jfu,v, ev, -V,

min {Iﬁ;(uzvz) 1 (u,v,) } Jif u,v, eE,NE,

2




(Fg; Um FBP:)(uzvz):

(Fgl_ Uwm F§;)(u2v2)=

(ET Um Fpp:)(uzvz ) =

(F Uy F)(u,v,)=

36

P -

R (U,V,) Jfuv, ev, —v,
P -

R, (U,V,) Jf ULV, ev, —v,

r min {F§:(u2v2) Fe, (u,v,) },'rf u,v, eE,NE,

P_ -

Fa, (u,v,) Jfu,v, ev, —v,
P_ -

Fe, (u,v,) Jfu,v, ev,—v,

rrnax{Fgl*(uzvz)FBP:(uzvz)} Jif u,v, eE,NE,

P -

. (U,v,) Jfuv, ev, —v,
P+ H

sz (u,v,) Jdfuv, ev,—v,

min {F:l*(uzvz) Ff;(uzvz) } Jif u,v, e E,NE,

P_ -

F“1 (u,v,) Jfu,v, ev, -V,
P_ -

FMZ (u,v,) Jfu,v, eV, —v,

max{Ffl‘(uzvz) F:’z‘(uzvz) } Jif u,v, eE,NE,

And the N-union is denoted by G, U, G,and is defined as follows

G1UN G2={(P1'Q1)UN

Where

(PZ’QZ)}:{Pl Uy P, Q Uy Qz}

2

((Ta Un T (T Uy TN (I U 1), (157 Uy 5)), (B Uy B (B UG EL))
<((TX1 Un T, (T3 U T (5, Uy 1), (17 Uy ) (Fa Uy B (R UG FL))
(e, U Te,) (T Uy TN (U Uy 1), (15 Uy 150D, (R Uy F)) (R U FL))
<((T§1 Un Te, 1 (T Uy T (U Uy 1g) (1 U 1)) (R Uy Fe) )L (o Uy FL))

Tar(u) Jfuev,—v,
(T2 Uy T2 M) =1 T2 u), ifuev,-v,
e TS () T (u) | i uev, N,

>
>




(T2 Uy T2 Nu)=

(Txpl+ U N T}»P: Xu) =

(Txpl_ U N sz_ Xu) =

(15 Uy 15 u) =

(15 Uy 15 Ju)=

(1P Uy 17 Nu) =

(12 Uy 17 Ju) =

Ta (u) ifuev,—v,
T (u) jifuev,-v,

r min {Tf\’l‘(u), T (u) b ifuev, Ny,

T (u) Jfuev,—v,
T (u) Jifuev,-v,

max{TZ*(u),T{’:(u) boLifuev, Ny,

T (u) Jifuev,—v,
T (u) Jifuev,-v,

min {T{’l‘(u),T{’z‘(u) boLifuev, Ny,

IN)! Jifuev,—-v,
1% (u), Jfuev,-v,

rmax{lij(u),l,i:(u) } Jifuev,Nv,

1% (u), Jfuev,—v,
1% (u) Jfuev,-v,
r min {Ii:(u), 1% (u) bifuev,Ny,

17" (u), ifuev,—v,
17" (u), Jifuev,—v,

max{lil*(u)liz*(u) } Jifuev,Nv,

Jfuev,—v,
Jfuev,—-v,
min {Iil‘(u),liz‘(u) boifuev,Nv,
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(F2 Uy B2 Ju)=

(F2- Uy B Ju)=

(RS UW R u)=

(Fxpl_ U N Fxpz_ Xu) =

(T2 Uy T2 Ju,v,

(T2 Uy T2 Ju,vs

Hy

(Tpi_ Uy T:;_ Xu 2V

): Tg;(uzvz)’
rmax {TI:: (Uzvz )v Tg: (Uzvz )} Jif u,v,eE,NE,

) = ng_ (uzvz )v

(17 Uy T2 Ju,v,

o (u) ifuev,—v,
o (u) ifuev,-v,

r min {Fﬁ:(u) Fa (u) } Jfuev,Nv,

Fr (u), ifuev,—v,
Fr (u), ifuev,-v,
rmex{FL (W) FE () | fuev Ny,

Fo(u), Jfuev,—-v,
Fo(u), Jifuev,—v,
min {Ffl*(u), F(u) boifuev, Ny,

F(u), Jfuev,—v,
F(u), Jfuev,-v,

max{FZ‘(u), F(u) boifuev, Ny,

Te, (U,v,),

T (u,v,) Jf ULV, ev, -V,
)= T;2+(U2V2), Jfu,v, ev, -V,

rnax{T;‘(uzvz),sz‘(uzvz)} Jif u,v,eE,NE,

Jfu,v, ev, —v,

Jfu,v, ev, -V,

Jfu,v, ev,—v,

Jfu,v, ev, —v,

P_ -
T (u,v,), Jif ULV, eV, —V,

): T:;_(uzvz)’ JFu,v, ev, -V,
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P P
(IE.:r UN |B:XU2V2)=

(l;l_ UN |E;)(U2Vz)=

P+ P+
(Im Un I, Xu2v2)=

(Ii; UN 'ﬁ;)(Usz)=

(Fr:: U N FEF;: Xu 2V ) =

(Fgl_ U ng_xuzvz):

(FHP: U N F:): Xu Vs ) =

(F::_ U N F:;_ Xuzvz ) =

P+ H
lg, (uzvz)’ UV, eV -V,
P+ H
IBZ(UZVZ)’ UV, eV -V,

rnnx{lgj(uzvz), |g;(u2v2)} Jif u,v,eE;NE,

15, (u,v,), Jf ULV, ev, -V,
P_ -
|BZ(U2V2), UV, eV -V,

r min {|;;(u2v2), |;;(u2v2)} Jif u,v, e E,NE,

P+ H
17 (u,v,), Jf ULV, ev, -V,
P+ H
17 (u,v,), Jif UV, ev, -V,

max {17 (u,v, ), Iiz*(uzvz)} Jif u,v, e E;NE,

P_ -
17 (u,v,), Jf ULV, ev, —v,
P_ -
17 (u,v,), Jf ULV, ev, -V,

min {Iﬁl‘(uzvz), |EZ_(UZV2)} Jif u,v, eE,NE,

ng (uzvz )1 JFu,v, ev, -V,
For (u,v,) Jif ULV, eV, —V,
r min {Fg; (u,v, ) FE! (uzvz)} Jif u,v,eE,NE,

Fa (u,v,), Jif ULV, eV, -V,
Fe (u,v,), Jif ULV, eV, -V,
r max {Fgl‘(uzvz), ng_(uzvz)} Jif u,v,eE,NE,

For(u,v,) Jif ULV, eV, -V,
For(u,v,) Jif ULV, eV, —V,
min {F;*(uzvz), Ff;(uzvz)} ,if u,v,eE,NE,

Fo(u,v,), Jif ULV, eV, -V,
Fo(u,v,), Jif UV, eV, —V,
max{F. (u,Vv, ) F:’Z‘(uzvz)} Jif u,v,eE,NE,

|
|
|
|
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Example 2.14

Let us consider the two bipolar spherical fuzzy neutrosophic cubic graphs as

G, :(Plin) and G, :(PZ’QZ)

a,([0.3,0.4],0.7), ([0.7,0.5],0.1), ([0.9,0.1],0.3),
{([—0.6,—0.2],—0.3),([—0.7,—0.8],—0.1),([—0.4,—0.7],—0.5)}
o _ {b,([0.2,0.6],0.8),([0.4,0.6],0.3),([0.7,0.8],0.4), }
"\ 1([-0.5,-0.8],-0.6), ([-0.3,~0.5],—0.2), ([-0.4,—0.9],—0.3)
¢,([0.7,0.5],0.1), ([0.8,0.3],0.7),([0.6,0.7],0.4),
{([—0.4,—0.2],—0.9),([—0.1,—0.2],—0.9),([—0.8,—0.5],—0.1)}

bc, ([0.2,0.5],0.8), ([0.4,0.3],0.7),([0.7,0.8],0.4),

ab, ([0.2,0.4],0.8), ([0.4,0.5],0.3), ([0.9,0.8],0.3),
([-0.5,-0.2],-0.6), ([-0.3,~0.5],-0.2), ([—0.4,—0.9],—0.3)}
([-0.4,-0.2],-0.9), ([-0.1-0.2],0.9), ([-0.8,~0.9],~0.1)

| (ac,([0.3,0.41,0.7),([0.7,0.3],0.7), ([0.9,0.7],0.3),
Q= {([—0.4,—0.2],—0.9), ([-0.1,-0.2],-0.9), ([—0.8,—0.7],—0.1)}

o | [b(10:50.410.3).(10.305],0.6),(0.7.0.5]0.3)
2 {([—0.9,—0.4],—0.2), ([-0.7,-0.4],-0.3), ([—O.l,—0.4],—0.6)}
{c,([0.2,0.4],0.8), ([0.2,0.4],0.3), ([0.3,0.5],0.3), }

a,([0.5,0.71,0.3), ([0.2,0.7],0.8), ([0.2,0.4],0.3),
([-0.9,~0.8],-0.1), ([-0.6,0.3],~0.2), ([—0.3,—0.7],—0.8)}
([-0.2,~0.5],~0.4), ([-0.7,~0.4],~0.5), ([-0.5,~0.4],0.3)

([-0.9,-0.4],-0.2), ([-0.6,-0.3],~0.3), ([—0.3,—0.7],—0.6)}
ac, ([0.2,0.4],0.8), ([0.2,0.4],0.8), ([0.3,0.5],0.3),
Q.= {([—0.2,—0.5],—0.4),([—0.6,—0.3],—0.5),([—0.5,—0.7],—0.3)}
{bc, ([0.2,0.4],0.8), ([0.2,0.4],0.6), ([0.7,0.5],0.3), }
([-0.2,~0.4],-0.4), ([-0.7,~0.4],~0.5), ([-0.5,~0.4],~0.3)

{ab, ([0.5,0.4],0.3), ([0.2,0.5],0.8), ([0.7,0.5],0.3),

Here M-union of the bipolar spherical neutrosophic cubic graph G, U,, G,as

follows:



b, ([0.5,0.6],0.8), ([0.4,0.6],0.6), ([0.7,0.8],0.4),
([-0.9,-0.8],-0.6), ([-0.7,~0.5],~0.3), ([—0.4,—0.9],—0.6)}

¢,([0.7,0.5],0.8), ([0.8,0.4],0.7), ([0.6,0.7],0.4), }

a,([0.5,0.7],0.7), ([0.7,0.7],0.8), ([0.9,0.4],0.3),

{([—0.9,—0.8],—0.3), ([-0.7,-0.8],-0.2), ([—0.4,—0.7],—0.8)}
P1 UM Pz = {

{([—0.4,—0.5],—0.9), ([-0.7,-0.4],-0.9), ([-0.8,—0.5],—0.3)

ac, ([0.3,0.4],0.8), ([0.7,0.4],0.8), ([0.9,0.7],0.3),
([-0.4,-0.5],~0.9), ([0.6,~0.3],~0.9), ([—0.8,—0.7],—0.3)}
bc, ([0.2,0.5],0.8), ([0.4,0.4],0.7), ([0.7,0.8],0.4), }

ab, ([0.5,0.4],0.8), ([0.4,0.5],0.8), ([0.9,0.8],0.3),

{([—0.9,—0.4],_0.6), ([~0.6,-0.5],-0.3), ([—0.4,—0.9],—0.6)}
Ql UM Qz = {

{([—0.4,—0.4],—0.9), ([-0.7,-0.4],-0.9), ([-0.8,-0.9],-0.3)

Here N-union of the bipolar spherical neutrosophic cubic graph G, U, G,as

follows:

a,([0.5,0.7],0.3), ([0.7,0.7],0.1), ([0.9,0.4],0.3),
{([—0.9,—0.1],—0.3), ([-0.7,-0.8],—0.1), ([—0.4,—0.7],—0.5)}
o p {b,([0.5,0.6],0.3),([0.4,0.6],0.3),([0.7,0.8],0.3), }

([-0.9,-0.8],~0.2), ([-0.7,0.5],~0.2), ([~0.4,~0.9],0.3)

¢,([0.7,0.5],0.1), ([0.8,0.4],0.3), ([0.6,0.71,0.3),
([-0.4,-0.5],-0.4), ([-0.7,~0.4],—0.5), ([~0.8,~0.5],~0.1)

{ab, ([0.5,0.4],0.3), ([0.4,0.5],0.3), ([0.9,0.8],0.3), }
([-0.9,-0.4],-0.2), ([-0.6,—0.5],—0.2), ([-0.4,-0.9],-0.3)
ac, ([0.3,0.4],0.7),([0.7,0.4],0.7),([0.9,0.7],0.3),
QuUnQ: = {([—0.4,—0.5],—0.4), ([-0.6,-0.3],-0.5), ([—0.8,—0.7],—0.1)}
{bc,([0.2,0.5],0.8), ([0.4,0.4],0.6), ([0.7,0.8],0.3), }
([-0.4,—0.4],—0.4), ([-0.7,—-0.4],—0.5), (]-0.8,~0.9],—0.1)
Proposition 2.15

The M-union of the two bipolar spherical fuzzy neutrosophic cubic graphs is

again a bipolar spherical fuzzy neutrosophic cubic graph.
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Definition 2.16

Let G,=(P,Q,) and G, =(P,,Q,) be two bipolar spherical fuzzy neutrosophic
cubic graphs of the graphs G;and Gjrespectively, the M-join is denoted by

G, +, G, and is defined as follows:
Gl tm Gz = (Pl’Ql) twm (PZQZ):(Pl tm PZ’Ql twm Qz)

<«TP* w T (T 0 TN (R a0 100, (057 0 1D (PR 0 FROD (B 4 FE))
(Ta T T 0 TN (R, + 1) (05 0 ) (FR + o) (B 4+ F2))
<«T§; o TEO (T g TN (R 0 150, (157 00 120, (R 4 FED) (R 4y F,f’;»>
(T8 To 0 (T 4 TN (E 0 15 O+ 1), (FE 4 B ). (R +4 F2))

—_

Where

()if uev,Uv,

(Ta - Ta )W) = (T2 Uy TAOW), (T2 4 TEW) = (T Uy T2)(W)
(Ta -+ T )W = (T2 U T, (T 4y T = (T Uy T72)(W)
(% T )W) = (1 U 152 )(u)s (1 4, 17)(W) = (17 Uy 15)(W)
(I, a1, )(U) = (15, Uy 1)), (15 44 15)(u) = (15 Uy 17, )(u)
(P Fan)(u) = (X" Uy FRDW), (B2 +y F2(W) = (B2 Uy BEO)(W)
(P +w P () = (Fa Uy F2)(U), (FE -+ FE(W) = (- Uy F2)(W)
(ii) if uve E, UE,

(TE" 40 TEDW)= (T3 Uny TE ) (T 0 T2 wv) = (T2 U T2 o)
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(T8 -+ T )W) = (T8 Uy TE W) (7 0 T2 (w)= (T Uy T )
( |P+Xuv |P+ <|P+ |P+Xuv

(I;:UMIE;XUV),(I[;‘W 7)) = (17U, 17 Jw)

(15 +u 1E)(Ww)

(15 +u 15)(w)

(FP+ U FP+ XUV

M ",

(FE -+ FE)(Wwv)

(5" Uy FE W), (FP 4, o) (Y

(R o FED(W)= R Uy FE ) B F(w) =2 Uy )

(iii) if uv e E", where E"is the set of all edges joining the vertices of v, &V, .
(TE: -+ Ter)w) = rmin (T2 () TE (T -+, T2 Ko ) = min T2 (W), T2 ()
(T3 +ya TE M) = 1o (T2 (u) T (v} (T8 4, T3 v) = mex {17 (u), T ()}
(16 40 15(w) = rmin {75 () 15 (W)} (57 4y 177 Juv) = min 07" u), 17 ()

(17, + 18, )W) = rmesc 7 (@R (R (F, -+ 1 Juv) = mexif, ), 17, ()]

(FE" +yy FE (W) =rmin {72 (W) R (WL FE 0 B N = min {77 (u), B (W)
(FE -+ o )(uv) = rme {2 (u), B (W) (R, R () = mex (- (u), FE- ()
Definition 2.17

Let G, =(P,Q,) and G, =(P,,Q,) be two bipolar spherical fuzzy neutrosophic
cubic graphs of the graphs G;and Gjrespectively, the N-join is denoted by

G, +, G, and is defined as follows:

G +N (Pl’Ql) +N (P QZ) (Pl +N PZ’Ql +N QZ)



where

(i) if uev,Uv,

(Ta -+ Ta) )(U) = (T Uy Ta(), (TS 4 T )W) = (T Uy T))()
(Ta, +n Ta )(U) = (Ta Uy T, (TS + T )(u) = (T, Uy T))(U)
(a0 T )(U) = (1 U 1)), (17 +y 57)(u) = (177 Uy 157)()
(5, U )W) = (1 Uy 1)), (15 + 17)() = (157 Uy 1))(u)
(Fa +n Fay )(u) = (" Uy FR(U), (B -+ BL(U) = (R Uy F)(u)
(Fa, v Fa, () = (Fa Uy F2))(U), (R + B)(W) = (R Uy F))()

(ii) if uve E, UE,

(T8 4+ TENW) = (T2 Uy T2 W), (T2 4+ T2 (W) = (TP U, T2 (wv)

N Tu, N i,

(To + T8 (W)

(T2 Uy T2 ) (T ) ()

(1B U 18 v, (17 4 15) (W) = (177 U 17 (v

(15 Uy 15 X 18+ 1) ()= (15 Uy 1 )

(15 +y 15)(w)

(15 +y 15)(w)

(R o+ FE(w)=(FE Uy FBP:)(uv),(Fﬁ # FW)=(F Un R )

(F +y Fo)(w)

(R~ Uy FE ), (F 4+ F)(wv)

(F- Uy F* )

(T Uy T )

44

(a4 Tag ) (T 0 TN (a0 W) (5 0 D (R 0 Fa)) (B + B
<((TP o T (T 0 T D (U ) (5 4 1) ((Fa, 4 P, ) (R +y Ffz))>
((Te, 4 T, ) (T 0 T (e 180 (1 1), (R 44 F)) (R +4 B
<((TP r Ta, ) (T T ) (g, 1e) (1 0 1) (R + R (R +y Ffz))>
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(iiii) if uv € E”, where E'is the set of all edges joining the vertices of V, &V,
(TE" -+ T )(wv) = rmin T (u), T2 (W)} (T2 -+ T2 Nuv) = min {12 (u), T2 ()}
(T8 To (W) = rmex (T2 (u) T2 ()} (T2 -+ T2 Juv) = mex {T-(u), T ()
(15 15 (W) = rmin 15 () 150 (W 02+ 157 Yv) = min {17 ), 17 (v)}

(16, 15,)(wv) = rmesc {15 (), 1 (V) (7 -+ 17 v ) = mesc {5 (), 1 ()
(FE" -+ R )(w) = rmin {F2: (u) FE (W)} (RS -+ FE uv) = min {F2* (u), B (v
(FE -+ R )(w) = rmex {F () R ()} (R -+ R Juv) = mex {2 (u), - ()

Proposition 2.18

The M-join and N-join of two bipolar spherical fuzzy neutrosophic cubic graphs is

again a bipolar spherical fuzzy neutrosophic cubic graph.
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CHAPTER-3
Spherical Fuzzy Neutrosophic Cubic Graph
Definition 3.1

Let G™ =(V,E) be a graph and G(K, L) is a spherical fuzzy neutrosophic cubic
graph of G’ if

S=(M,)={V, (T, 1%,.F>), ¢} is the SENCS representation of vertex set V
and

R =(N,8)={E,(Tg,15,F),8,}is the SFNCS representation of edge set E such
that

le (1; v;) < min{ Tnj (Mi),T& (vi)k Tsp (1 vi) 2 maX{Tsp (Hi)’Tsp (vi)}
IE(Hi v;) < min I;(Hi)l IPM(Vi)}! Ig(“i V)2 max{lg(ui), Ig(vi)}
FI\PI (1 v;) <max{ Fl\ljl (ki), Fl\'jl (vi)} Fesp (1 v;) = min{ Fsp (1), F6P (vi)}

Let G" =(V,E) be agraph and G(K, L) is a spherical fuzzy neutrosophic cubic
graph (SFNCG) of G7, if

S=(M,)={V, (T, 1%,.F), ¢} is the SENCS representation of vertex set V
and

R =(N,8)={E,(T5,1%,F;),8,}is the SFNCS representation of edge set E and ¢

and dare spherical fuzzy neotrosophic cubic sets.
Example 3.2

Let G™ =(V,E) be a graph where V={a,b,c,d}and £={ab,ac,ad,bc,bd,cd} where
kand Lare as follows

{a, ([0.2,0.4],0.3), ([0.1,0.3],0.5), ([0.5,0.4],0.8)}
{b,([0.5,0.4],0.7), ([0.1,0.5],0.6), ([0.3,0.6],0.9)}
{c,([0.4,0.6],0.8), ([0.2,0.4],0.7), ([0.3,0.5],0.9)}
{d,([0.1,0.2],0.9), ([0.3,0.6],0.8), ([0.4,0.6],0.7)}
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{ab, ([0.2,0.4],0.7), ([0.1,0.3],0.6), ([0.3,0.4],0.9)}
{ac, ([0.2,0.4],0.8), ([0.1,0.3],0.7), ([0.30.4],0.9)}
{ad, ([0.1,0.2],0.9), ([0.1,0.3],0.8), ([0.4,0.4],0.8)}
{be, (0.4,0.4],0.8), ([0.1,0.4),0.7), ([0.3,0.5],0.9)}
{bd, ([0.1,0.2],0.9), ([0.1,0.5],0.8), ([0.3,0.6],0.9)}
{cd, ([0.1,0.2],0.9), ([0.2,0.4],0.8), ([0.3,0.5],0.9)}

a
ad
3®
bd
b d
ac
bc
cd
c

Figure 3.1

Definition 3.3

Let G =(K,L) be a spherical fuzzy neutrosophic cubic graph. The order of
spherical fuzzy neutrosophic cubic graph is defined by

O(G) = Z{(T&,T(f)(u),(lﬁﬂ,|§,)(u),(F&,Fj)(u)} and the degree of a vertex , and

neV

Gis defined by

deg (k) = D (TR T3 ) (v), (IR, 15) (uv), (RO R ()}

uvekE

Example 3.4

In the above example, the order of a spherical fuzzy neutrosophic cubic graph is
deg(a) ={([0.5,0.7],2), ([1.3,0.9],2.1), ([0.8,0.9],0.9)}

deg(b) ={([1.2,0.9],2), ([0.9.1.5],2), ([1.8,2],0.9)}

deg(c) ={([0.9,1.5],2.2), ([0.5,0.9],1.5), ([0.5,1],1.5)}

deg(d) ={([1,0.8],2.5), ([0.6,0.9],1.8), ([0.9.1.5],2.5)}
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Definition 3.5

Let G,=(K,,L,)be a spherical fuzzy neutrosophic cubic graph of
G, =(V,,E,) and G, =(K,,L,) be a spherical fuzzy neutrosophic cubic graph
of G,” =(V,,E,). Then Cartesian product of G,and G,is denoted by

(G, xG,)=(K,; xK,, L, xL,)

[(Mw@l) (sz(Pz)J (M XMZf(Plx(P;)
(N1'81)X(N2’62) (Nl ><N2 \ 1 J, )

P P
Glez <( M;xM, 1 (plquz) (IM1><M2 golquz) (FMIXMZ'F([)IX(DZ )>

(Thsent, Toa, 1 (M, U5, ) (R, P, )
and is defined as follows
(T, (W) =M T, (), T, (V1 TE, (V) =mex{ T2 (), T2 (V)3)
2.(1F a0, (V) =mind 15, (), 15, (V112 (0v) = max{ 17, (), 12, (v)3)
3. (Ff v, (1v) = max{ F5, (), Fy, (WL, () =min{ F2 (), F2 (v)})

4 lzlxNz (s V1) (1, v2)) = mind Ty, (1), Ty, (v, v2)}
(p1X(p2 (s vy) (1 v,)) = max{ T W), T, (Vll v, )}

5 leNz((H’V1)(M’V2)) min{ 1}, (H) Iy (V1’V2)}
10 (v (v,)) = max{ 17 (), 15 (vy,v,)}
6 NPl><N (1 v1) (1 v,)) = max{ F& (), R (V11Vz)}
P, (i vy) (v,)) = mind B2 (), F (vy,v,)}

(T, (V) g V) = Mg T3 (o), T, (V)
T, (V1) (1,v,)) = max{ T7 (g 1,), TE (V)3

8. N1><N2 (1, v) (g, v)) = min{ 1, I (Mlnuz) Iy (V)}
oo, (ks vy) (1, v5)) = max{ I(pl (kg 1), Iaz ()}
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o R, (V) (1, V) = max By (g, ,), R (V)3
D, (i ve) (1, v,)) = mind B2 (g, ), FE (V)3

Example 3.6

Let G, =(K,, L,) be a spherical fuzzy neutrosophic cubic graph of G; =(V,,E,)
,where

v,={a, b, c} and E,= {ab, bc, ac}.

K, =( {b,([0.10,3],0.9), ([0.2,0.5],0.6), ([0.4,0.7],0.9)}

{a, ([0.2,0.5],0.7), ([0.1,0.4],0,7), ([0.3,0.6],0.8)}
<{c, ([0.2,0.3],0.8), ([0.3,0.5],0.7), ([0.1,0.4},0.8)}>

L, ={ {bc, ([0.10.3],0.9), ([0.2,0.5],0.7), ([0.1,0.4],0.9)}

{ab, ([0.1,0.3],0.9), ([0.1,0.4],0.7), ([0.3,0.6],0.9)}
{ac, ([0.2,0.3],0.8), ([0.1,0.4],0.7), ([0.1,0.4],0.8)}

and G, =(K,,L,) be a spherical fuzzy neutrosophic cubic graph if
G, =(V,,E,), where

V,={X, Y, z}and E,={xy, yz, 2x }

K, =( {y,([0.3,0.5],0.8), ([0.4,0.6],0.9), ([0.2,0.3],0.8)}

{x, ([0.1,0.2],0.7), ([0.2,0.4],0.8), ([0.3,0.5],0.8)}
<{z, ([0.2,0.61,0.9), ([0.3,0.5],0.7), ([0.1,0.3],0.7)}>

L, =( {yz,([0.2,0.5,0.9), ([0.3,0.5],0.9), ([0.1,0.3],0.8)}

fxy, ([0.1,0.2],0.8), ([0.2,0.4],0.9), ([0.2,0.3],0.8)}
<{zx, ([0.1,0.2],0.9), ([0.2,0.4],0.8), ([0.1,0.3],0.8)}>

Then G, x G, is a spherical fuzzy neutrosophic cubic graph of G; x G, where

Vv, xV,={ (a.x), (ay), (a,2), (b,x), (b.y), (b.2), (c.x), (c.y), (¢,2) } and
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{(a, %), ([0.1,0.2],0.7), ([0.1,0.4],0.8), ([0.3,0.5],0.8)}
{(a,y), ([0.2,0.5],0.8), ([0.1,0.4],0.9), ([0.2,0.3],0.8)}
{(a,2), ([0.2,0.5],0.9), ([0.1,0.4],0.7), ([0.1,0.3],0.8)}
{(b, x), ([0.1,0.2],0.9), ([0.2,0.4],0.8), ([0.2,0.3],0.9)}
K,xK, ={ {(by) ([0.10.3],0.9), ([0.2,0.5],0.9), ([0.2,0.3],0.9)}
{(b,2), ([0.1,0.3],0.9), ([0.2,0.5],0.9), ([0.1,0.3],0.9)}
{(c, x), ([0.1,0.2],0.8), ([0.2,0.4],0.8), ([0.1,0.4],0.8)}
{(c,y), ([0.2,0.3],0.8), ([0.3,0.5],0.9), ([0.1,0.3],0.8)}
{(c, ), ([0.2,0.3],0.9), ([0.3,0.5],0.7), ([0.1,0.3],0.8)}

{(a, %) (a, y), ([0.1,0.2],0.8), ([0.1,0.4],0.9), ([0.2,0.3],0.8)}
{(a,y)(a,2), ([0.2,0.5],0.9), ([0.1,0.4],0.9), ([0.1,0.3],0.8)}
{(b, x)(b, y), ([0.1,0.2],0.9), ([0.2,0.4],0.9), ([0.2,0.3],0.9)}
{(b, x)(b, 2), ([0.1,0.2],0.9), ([0.2,0.4],0.9), ([0.1,0.3],0.9)}
{(a,2)(b, ), ([0.1,0.3],0.9), ([0.1,0.4],0.9), ([0.1,0.3],0.9)}
{(c, x)(c, 2), ([0.1,0.2],0.8), ([0.2,0.4],0.8), ([0.1,0.3],0.8)}
{(c, y)(c, z), ([0.2,0.3],0.9), ([0.3,0.5],0.9), ([0.1,0.3],0.8)}
{(a, x)(c, X), ([0.1,0.2],0.8), ([0.1,0.4],0.8), ([0.1,0.4],0.8)}

L, xL,

The vertex set in K, and the edge set in L, are represented for the graph
G, = (Kl’ Ll)

and

The vertex set in K, and the edge set in L,are represented for the graph
G, = (Kzl I—z)

xy

Figure 3.2
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Proposition 3.7

The Cartesian product of two spherical fuzzy neutrosophic cubic graph is again a
spherical fuzzy neutrosophic cubic graph.

Proof
For K, xK,the condition is obvious. Now we verify the condition for only
L, xL,,

Where, L,xL, :{(TlfllxNz ’Tsixaz ).(1 PleNZ , Iglxaz ), (FNPlxNz , Ft‘:xsz )}

then

TslxNz (1 12) (1, v2)) = min{ Tl\F/’|1 (M)’TI\PIZ (1, v,)}

< mind( Ty, (), (min( Ty, (), Ty, (v2))}

= min{ min( T3, (1), T3, (1)), min( T, (), T, (v, )}
= min(( Ty, x Ty, bt ), (T, x T, ) (v, )}

To s, (1 11,) (1, v,)) =max{ T, (), Ty (1, v,)},
<max{(T, (), (max(T, (1,), T, (v,))}

= max{ max( T (), T, (1)), max( T (), Ty, (v,)}
= max{(( Tg, x T3 )up,), (T§ x T ) (uv,)}

Ry, (1) (e, v)) = mind Iy, (), 1, (1, v2)3,
<mind( 1, (), (min( 15, (uy), 1, (V)3

= ming min( 1y, (), 1y, (k) minC 1, (), 1y, (V)3
= mind(( 1y, % I, J(ue,), (T, < 1, ) (v2))}

155, () (1, v,)) = max{ 15 (), 15 (1, v,)},

< max{( 1, (u), (max(17 (u,), 15, (v,))}

= max{ max( 15 (w), 1§, (u,)), max(15 (), 15, (v,)}
= max{(( 15 <15 )iy, (15, < 1)) (uv,)}




P, (1) (1, v,)) = max Ry, (), R, (1 v}

< max{( Fy, (), (max(Fy, (1,), Ry, (v.))}

= max{ max( Ry, (), Ry, (1)), max(Fy (), Ry, (v,)}
= max{(( Ry, xFy, (km,), ((Fy, < Fa,) (v, )}

Fs s, (1) (,v,)) = min{ Fy (), Fy (1, v,)}
<min{( Fy (w), (min( Fy (u,), Fy (v,))}

= min{ min( F{ (w), Y’ (t,)), min F (), Fy (v,))}
=min{(( F{ xFy )(uw,), ((F xFS) (uv,))}

2

Similarly, we can prove it for we V,and p,,n, €E,.
Definition 3.8

Let G, =(K,,L,)and G, =(K,,L,)be two spherical fuzzy neutrosophic cubic
graphs. The degree of a vertex in G, xG,can be defined as follows for any

(g xpy) € vy xv,
deg (Ty, * Ty, ) (1, 1,)

= Z maX(lel XTNPZ)((Hl!MZ)(Vl’VZ)) = ZmaX(Tl\jl (“’)!TISIZ (H5,V5))

(hanp) (vav2) €E, Wy =Vi=H,H, Vo€E,

+ Zmax( Tl\j2 (W)’TNP1 (g, vy) + z max( Trz1 (Hyv1), TI\PIZ (2, V,))

Ho=V,=W,ulv,eE1 w=vieE,uyv, €k,

deg (T, xT, ) (g, 1,)

2

= Z min( Tspl XTSPZ)((HllPlz)(Vl’Vz)) = Zmin( T(; (H)'TBPZ (12, V,))

(hapz) (vivo) €, Wy =Vvi=H,H, v€E,

+ Zmin( qu (W)!TSFi (g, ve) + zmin( sz (1, v1), TSF; (12, V5))

Hy=V,=W,ulv,eE1l w=vi€E,uyv,eE,

P

deg(llli/l1 X |M2)(M1,u2)

= Z max(mlXIZZ)((“lyuz)(Vl’Vz)): me(linl(u)rlinz(uz’vz))

(hapz) (vivo) €, Wy =Vi=W,Hp Vo€E,

+ ZTTBX(V:,,Z(W),ml(le,Vl)—i- zmax(ml(ul'w),mz(uz,\’z))

Hy=V,=W,ulv,eE1l w=vi€E,uyv,eE,
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deg(l;, <17 ) (1, 1,)

= z min( |§1X|§2)((H1,Mz)(\’1’\’z))= Zmin( Izl(“)’lgz (120 V,))

(mapz) (vava)€Ey Hy=Vi={, [, Vo€,
- P P - P P
+ zmln( I, (w), I5, (g, vy) + zmln( I5, (Hy,va), I, (12, V,))
Ho=V,=W,ulv,eE1l w=vieE,uyv, €k,

deg (Fy, xRy, ) (1, 1,)

= Z min( Fl\P]1 X FSZ)((Hl,Hz)(Vsz)) = Zmin( Fl\j1 (W), FI\F;|2 (H5,V,))

(hapz) (vivo) €E, Wy =Vi=H, 1, Vo€E,

+ 2 min( Ry (W), R (gove) + 0 Do minCRG (g v R (12, V2))

Ho=V,=W,ulv,eE1l w=vi€E,uyv, €k,

deg (F, xF; ) (uy,1,)

= Z max( Fsti X Fsz)((uvuz)(vlivz)) = Zmax( F(; (W), Fesz (12, V,))
(mam2) (vivo)€Ey W=Vvi=l, 1, voeE,

+ zmax( ng (w), FSF: (g, vy) + zmax( Fsi (11, vy), Fspz (12,V,))
Ho=V,=W,ulv,eE1 w=v,€E,u,v,eE,

Definition 3.9

Let G, =(K,,L,) be a spherical fuzzy neutrosophic cubic graph of G; =(V;,E))
and G,=(K,,L,)be a spherical fuzzy neutrosophic cubic graph of

G, =(V,,E) . Then the composition of G,and G,is denoted by G,[G,] and
defined as follows

G,[G,]= (K, L)IK,, L, ]

={(K[K, ] L[L, I}
={(M.,¢,)[M;,9,],(N,8,)[N,, 3,1}
={(M,IM, ], ¢,[9,]), (N[N, ],5,[3, 1)}

(T, o To ) (o o To D (0, 1), (15, <10 ). (FG, RO (R R )
(T8 TR (TS o TN (R, o 17,). (15, <15 (R R (FLLFD )
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LV (Lv)e(vy,v,) =V
(o, © T,) (V) =min( Ty, (1), Ty, (), (Tg, o Ty ) (b v) = mex(T,, (), T, (V)
(1, 1, ) (e v) = min( 15, (), 15, (V). (1, o 1)) (1, v) = max(1g, (), 15, (V)
(Rw, o Fu,) (v) = mex(Fj, (1), Ra, (V). (R, o Fp) ) (i, v) =min( Fy (), Fy (V)
2.vueV, and v,v, <E

(TR, © T (R vi) (1, v,)) = min( Ty, (), T, (Vi v,)),
(T5, o Ts,) (V) (1, v,)) = max( T, (), Ty, (v, V)

(1%, o 10, ) (o va) (o v )) = minC 1 (1), 1, (v, v2)),
(15, o 15,) (kvi) (1 v,)) = max(lg, (), 1, (v, v,))

(RS, © ) (kavi) (1, v,)) = max(Fy, (), Ry, (Vi v2)),
(Fs, o F5,) (1 vy) (u,v,)) = min( By (), Fy, (v, v2))

3VveV, and p,u, €E,;

(TR, © T, (e, V) (1, V) = Min( T (kapt,), Ty, (V)),
(TBFi © Tspz ) (11, v) (15, v)) = max( TaFi (1), TSF; )

(1%, @ 10, ) (e V) (10 v)) = minC I (o, ), 1, (V)),
(15, © 15, (11, V) (2, v)) = max( 15 (apt,), 15, (V)

(RS, o FG,) (1 v) (15, v) = max( R (uap, ), R, (V)
(Faspl ° FBPZ ) (11, V) (11, V) = min( FsFi (Ha1y), Fspz )

4-V(H1’V1)(M2’V2)e E'-E

(Tﬁl ° TNPZ)((MI’V]_)(MZ ,V,)) = min( Ter/’l2 (Vl)’Tl\ljlz (Vz)’TNP1 (11, 15)),
(Tspl © T5P2 ) (11, V1) (15, v,)) = max( ng (v1), T(ppz (v,), T5P1 (1, 12))

(Iill ° Iilz)((lh'vl)(uz'vz)) = min( I:\)/l2 (v1), IF;AQ (v2), Iil (1Y)
(I; © Igz)((ul’vl)(uz’vz)) = max( |<sz (v1), Izz (v2), Igl (11, 15))



(Flf)l1 © FEZ ) (11, Vi) (1, v2)) = max( FICIZ V1), Fl\lj|2 (v2), Fﬁl (THRTEY)}
(FBFi © Fsi)((lvtpvl)(uz’vz)) = min( F(ppz (v1), Fq':z (v2), Fsi (11 12))
Example 3.10

Let G; =(V,,E,)and G, =(V,,E,) be two spherical fuzzy neutrosophic cubic
graphs, where V,= (a, b) and V,= (c, d). Suppose K,and K,be the spherical
fuzzy neutrosophic cubic set representations of V,and V,. Also L, and L, be the
spherical fuzzy neutrosophic cubic set representations of E,and E, defined as

follows:

~ /{a,([0.2,0.61,0.7), ([0.1,0.41,0.8), ([0.5,0.7],0.9)}
' \{b, ([0.3,0.1],0.5), ([0.6,0.8],0.9), ([0.2,0.5],0.7)}

L, =({ab, ([0.2,0.11,0.7), ([0.1,0.41,0.9), ([0.2,0.5].0.9)})

~ /{c,(10.2,0.41,0.8), ([0.1,0.2],0.7), ([0.4,0.6],0.9)}
27 \{d, ([0.3,0.5],0.7), ([0.4,0.6],0.8), ([0.3,0.5],0.8)}

L, = ({cd, ([0.2,0.41,0.8), ([0.1,0.2],0.8), ([0.3,0.5],0.9)})

For the two spherical fuzzy neutrisophic cubic graph G; =(V,,E,)and
G, =(V,,E,) the vertex sets V, = (a, b) and V, = (c, d) and the edges sets E, and
E,are represented

a

b d

Figure 3.3

The composition of two spherical fuzzy neutrosophic cubic graph G,and G, is
again a spherical fuzzy neutrosophic cubic graph, where
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{(a, c), ([0.2,0.4],0.8), ([0.1,0.2],0.8), ([0.4,0.6],0.9)}
{(a, d), ([0.2,0.5],0.7), ([0.1,0.4],0.8), ([0.3,0.5],0.9)}

KilK.1= {(b, ), ([0.2,0.1],0.8), ([0.1,0.2],0.9), ([0.2,0.5],0.9)}
{(b,d), ([0.3,0.1],0.7), ([0.4,0.6],0.9), ([0.2,0.5],0.8)}
{(a,c) (a,d), ([0.2,0.4],0.8), ([0.1,0.2],0.8), ([0.3,0.5],0.9)}
{(a,d) (b, ), ([0.2,0.1],0.8), ([0.1,0.2],0.9), ([0.2,0.5],0.9)}

LIL]- {(b,c) (b, d), ([0.2,0.1],0.8), ([0.1,0.2],0.9), ([0.2,0.5],0.9)}

{(b,d) (a, ¢), ([0.2,0.1],0.8), ([0.1,0.2],0.9), ([0.2,0.5],0.9)}
{(a,d) (b, d), ([0.2,0.1],0.7), ([0.1,0.4],0.9), (0.2,0.5],0.9)}
{(b, ) (a,c), ([0.2,0.1],0.8), ([0.1,0.2],0.9), ([0.2,0.5],0.9)}

The composition of two spherical fuzzy neutrosophic cubic graph G,and G,.

(b,d)

Figure 3.4
Definition 3.11

Let G, =(K,,L,)and G, =(K,,L,) be two spherical fuzzy neutrosophic cubic

graphs of the graph G, and G, respectively. Then M-union is denoted by
G, Uy G, and defined as

Gl UM Gz :{(Kl’Ll)UM (Kz’Lz)}z{Kl UM K2’L1 UM Lz}



57

(T8, U T ) (T U To D (05, Une 15,0315, U 1200, (FG, U B (F2 U B2 D))
(T8 Unt TR (T Ut TN (5, U 18,05 Uy 1200, (R, Un FE)L (RS U FD )

Where
Tnp/ll(}/l), ifpev,—v,
(Th'jll Uwm T&Z)(H) = TI\P/IZ (W), ifpev,—v,
max{ Ty, (1), Ty, (W} if pev,Nv,
T, (W), ifuev, -v,
(To, Un T ) () =1 T, (), ifuev,—v,
max{T? (), 7, (hif e v, Nv,
I’EAI(u), if pev,—v,
(I’:/IIUMIEIZ)(“): |':/|2(M), fpuev,—v,
max{ Iy, (1), Iy, (W} pev, Nv,
|21(H), if pev,—v,
(1o, Un 16 () =115, (), fpev,—v,
max{ 1", (u), 17 (Whif e v, N,
Fl\|jI1 (), ifpev,—v,
(FI\F/]1 Un F&Z)(H) = F,\F/)|2 (W), ifpev,—v,
ming F, (), Ff, (O if pe v, Nv,
Fq:(“)' if Hev,—v,
(F, Un Fo) () =1F, (), fuev,—v,
min{ F;, (), F,, (W if pev,Nv,
Ty, (12V5), ifu,v,ev,—-v,
(T£1UM T[\sz)(uzvz)z TEZ(MZVZ)’ ifHZV2 EVZ_Vl

max{TNPl (1, VZ)’TISZ (myvy)} i, v, eE NE,
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TsFi (H2V2), ifu,v,ev,—v,
(Tzsp1 Un Tsi)(“z V,) = Tspz (1 vy), ifu,v,ev,—v,
maX{TSPl (1, Vz)’Tspz (L, v,)} ifp,v, eENE,

|§1(u2\’2), if v, ev,—-v,
(IerUMIZZ)(szz): IEZ(szz)v ifu,v,ev,-v,
maX{lﬁl(Msz), IZZ (no v )} i, v, €ELNE,

15, (12V,), ifu,v,ev,—v,
(|§1UM |§2)(M2Vz)= |§2(M2V2), ifpu,v,ev,—v,
rmx{l;(“z VZ)IIEZ(MZVZ)}a if“zvz EElnEZ

I:NPl (szz)f if U, v, ev, =V,
(FY, Ui B (1, Vo) =1 (1, v,), if 1, v, €V, v,
min{ Flfll (1 v2), FI\PIZ (myvy)} if v, eENE,

Fslj (HaVv2), ifu,v,ev,—v,
(Fspl Un Fapz)(l/lz V,) = Fsz (1, vy), ifu,v,ev,—v,
min{ F5|91 (szz)stpz (m, v, )} ifu,v, eENE,

and the N-union is denoted by G, U, G, and is defined as follows:

GlUN Gz :{(Kl’Ll)UN (Kzil—z)} :{Kl UN KZ’Ll UN I—z}

(T, Un To ) (T8 Uy T (15, U 15, (8 Uy 120, (R, Uy B0 (F2 Uy F2 )
(T8 Un T TS U TR, Uy 15,315 Uy 120, (R, Uy B2 (FE U FD D)

Where

Ty, (W), ifuev,—v,
(Tl\’jll Uy T&Z)(M) = T&Z (1), fpev,—v,
max{ Ty, (), Ty, (W} if pev,Nv,
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T(,:(M), fuev,-v,
(T(:UNT(;)(M)Z T(.)PZ(M), ifpev,—v,
mex{T7, (), T, (W}if wev, Nv,

7, 1) ey, —v,
(IiAlUNliﬂz)(H)z I;Z(H)i fuev,-v,
Mo 15, (), 15, GOLIf e v, Ny,

Izl(H)1 fuev,—v,
(12, U 15) () =1 1%, (1), fuev, v,
max{1°. (1), 17, (hif e v, Nv,

Fa, (), fpev,—v,
(Fl\'jl1 U F&Z)(H) = F,\jz (W), fuev,—v,
min{ Ky, (), Fy, (W} if pev,Nv,

F(,)PI(M), fupev,-v,
(Fy, Un o) () =1F, (), ifuev,—v,
ming F° (w), F7 (O} if e v, N,

Tﬁl (H2V2), ifu,v,ev,—v,
(T&UNTNPZ)(HZWF TEZ (1, v,), ifu,v,ev,—v,
max{ T{, (1, v,), TS, (4, v,)} i 1, v, € B NE,

TsFi (k2V2), ifu,v,ev,—v,
(T?i Un TSF;)(Hz Vv,) = TsF; (1, V), ifu,v,ev,—-v,
rmX{TBFi(MZVZ)VT;Z (MZVZ)}v If uz Vz EElﬂEZ

Iill(lflz\’z)’ ifp,v, evi—v,
(IihUNIEZ)(MZVZ): IEZ(szz)i ifu,v,ev,-v,
mx{l& (Hy V), Iiz (n,v2)} i, v, €ENE,




|;(H2V2), ifu,v,ev,—v,
(IEIUN |§2)(M2Vz)= |§2(M2V2), ifu,v,ev,—v,
max{l; (12 V,), |§2 (nyvy)} ifp,v, €eENE,

FNPl (HaVv2), ifu,v,ev,—v,
(FNPl U FNPZ)(HZ V,) = FNP2 (1, v)), ifw,v,ev,—v,
min{ Fl\Pll(szz)aF|\P12 (MZVZ)}l if HZ Vz EElmEZ

F5P1 (k,Vs), ifu,v,ev,-v,
(Fsi UN F@Z)(Mz Vz) = FSPZ (“2 Vz), if H,V, EV, =V,
min{ FSPl(H'ZVZ)VFSPZ (MZVZ)}i if ,J'Z V2 EElmEZ

Example 3.12

Let us consider the two spherical fuzzy neutrosophic cubic graph as G, =(K,L,)
and G, =(K,,L,)

{(b,([0.3,0.5],0.8), ([0.2,0.41,0.6), ([0.2,0.3],0.7)}

{(a, ([0.2,0.3],0.7), ([0.4,0.6],0.8), ([0.1,0.5],0.9)}
K, =
{(c,([0.1,0.3],0.6), ([0.3,0.5],0.8), ([0.4,0.5],0.8)}

L, ={ {ac, ([0.1,0.3],0.7), ([0.3,0.5),0.8), ([0.1,0.5],0.9)}

{ab, ([0.2,0.3],0.8), ([0.2,0.4],0.8), ([0.1,0.3],0.9)}
<{bc, ([0.1,0.3],0.8), ([0.2,0.4],0.8), ([O.2,0.3],0.8)}>

{b,([0.2,0.6],0.7),([0.3,0.6],0.7), ([0.2,0.5],0.8)}

{a, ([0.3,0.5],0.8), ([0.1,0.4],0.6), ([0.4,0.7],0.9)}
K, =
<{c, ([0.3,0.6],0.9), ([0.2,0.4],0.8), ([o.1,o.4],o.7)}>

L, = {ac, ([0.3,0.5],0.9), ([0.1,0.4],0.8), ([0.1,0.4],0.9)}

{ab, ([0.2,0.5],0.8), ([0.1,0.4],0.7), ([0.2,0.5],0.9)}
<{bc, ([0.2,0.6],0.9), ([0.2,0.4],0.8), ([0.1,0.4],0.8)}>

Here M-union of the spherical fuzzy neutrosophic cubic graph G, U,, G,as
follows:
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{a, ([0.1,0.3],0.7), ([0.3,0.5],0.8), ([0.5,0.4],0.7)}
K,U,, K, =( {b,([0.4,0.6],0.8), ([0.2,0.4],0.9), ([0.2,0.5],0.8)}
{c,([0.2,0.5],0.9), ([0.1,0.3],0.7), ([0.5,0.8],0.9)}

{ab, ([0.1,0.3],0.8), ([0.2,0.4],0.9), ([0.2,0.5],0.8)}
L,U,, L, =( {bc,([0.2,0.5],0.9),([0.1,0.3],0.9), ([0.2,0.5],0.9)}
{ac, ([0.1,0.3],0.9), ([0.1,0.3],0.8), ([0.5,0.4],0.9)}

Here N-union of the spherical fuzzy neutrosophic cubic graph G,U, G,as

follows:

{a,([0.2,0.6],0.6), ([0.3,0.5],0.8), ([0.5,0.7],0.9)}
K, U, K, ={ {b,([0.1,0.5],0.7),([0.2,0.4],0.7), ([0.4,0.6],0.7)}
{c, ([0.3,0.6],0.9), ([0.1,0.3],0.8), ([0.2,0.5],0.8)}

{ab, ([0.1,0.5],0.7), ([0.2,0.4],0.8), ([0.4,0.6],0.9)}
L, U, L, =( {bc,([0.1,0.5],0.9), ([0.1,0.3],0.8), ([0.2,0.5],0.8)}

{ac, ([0.2,0.6],0.9),([0.1,0.3],0.8), ([02,0.5],0.9)}
Proposition 3.13

The M-union of the two spherical fuzzy neutrosophic cubic graph is again a
spherical fuzzy neutrosophic fuzzy cubic graph.

Definition 3.14

Let G, =(K,,L,) and G, =(K,,L,) be two spherical fuzzy neutrosophic cubic
graphs of the graphs G, and G, respectively, then M-join is denoted by
G, +y G, and is defined as follows:

G, +m G, =(Ky, L) +y (K, L) =(K, +y Ky, Ly +y L)

(T8, a0 T (T 0 To D (5, +4a 15,0 Q8 0 D) (R, +4a B (R +40 B2 D))
(T 0 T TE 4 TED R, 4 150,015 0 15D (R, +0 B (RS 44 FD))

Where
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(i) f pev,Uv,

(T, o) () = (T, U T ) (), (T, 40 T, ) (1) = (T, Uy T ) (W)

(1, a1, ) (1) = (15, U 15, (), (15, +0 15) () = (15, Uy 15,) (W)

(R, +u P, ) () = (Fy, U FG,) (1), (R, +y Fe ) () = (Fg Uy ) (W)

(il )if v e E, UE,

(TR, i TR, @) = (T8 Uy T (1), (T, 44 T5) (uv) = (T5, Uy T, ()

(IR, +u 10, (V) =%, Uy 17D (), (05, +4 15) (v) = (15 Uy, 1) (uy)

(RS, +n P, ) (1v) = (RS U B (v), (F + B (v) = (R Uy ) (1)

(iii ) if uv e E*, where E is the set of all edges joining the vertices of v, and v, .
(TR, +w TR, ) (v) = min{ TG, (), T, (W} (T +y Ti,) (v) = min{ Tp (), Ty, ()}
(IR, 18,) (v) = mind 15, (W), Ty, (W3 (15 + 15) (uv) =min 1¢ (W), 15, (V)}
(RS, +w R, ) (v) =ming B (), Fg, (3 (RS +y B, ) (uv) = mind F7 (), Fy, (V)}

Definition 3.15

Let G, =(K,,L,) and G, =(K,,L,) be two spherical fuzzy neutrosophic cubic
graphs of the graphs G; and G, respectively, then n-join is denoted by G, +, G,
and is defined as follows:

Gl+N Gz Z(Kl’Ll)+N (Kzil—z) =(K1 N K21L1 N Lz)

(T8 +x T (T8 0 TN (5, 4 W ) (0, 0 12D (G, +n R0 ) (Bl 44 FE )

(T8 A+ T TE + TN (R, + 10, 08+ 15 (R, +4 R (R +y FD)))
Where

() ifuev,Uv,
(T, +n T, ) () = (T, Uy T (W), (T, 4 T, ) (1) = (T, Uy T, ) ()

(o, T ) (1) = (g, U 1, ) (1), (g, 4 15,) (W) = (15, Uy 15,) ()



(R0, +n P, ) (W) = (RS, Uy R (1), (Fg, +y Fo ) (W) = (Fg Uy Ry ) (W)

(il )if uv e E, UE,

(TR, +n T (v) = (TG, Uy TR (), (T, + T ) (v) = (T, Uy T, ) ()

(IR, +n 1) V) = (15 U 1) (v), (0, +4 18) (v) = (15, Uy 15) ()

(RS, +n R ) (v) = (R Uy B (), (RS +y Fs)) (kv) = (R Uy ) ()

(iii ) if uv e E”, Where E is the set of all edges joining the vertices of v, andv, .
(TR, +n T) (wv) =mind Ty (), Ty, (V3 (T5, +y Ts, ) (k) = mex{ Ty (), Tg, (V)}
(IR, +n 1R, ) (ev) = mind 15 (), 15, (O3 (15, +y 1) (uv) = mex{1g (w), 15, (V)}
(RS, +n R (wv) =mind By (), Ry, (V3 (RS +y ) () = mex{ R (), Fy, (V)}

Proposition 3.16

The M-join and N-join of two spherical fuzzy neutrosophic cubic graphs is again a
spherical fuzzy neutrosophic cubic graph.
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SUMMARY AND CONCLUSION

In this dissertation, the concept of Spherical fuzzy set and neutrosophic cubic set
is combined to develop a theoretical study spherical fuzzy neutrosophic cubic
graph. We also listed out some of the properties like Cartesian product,
composition, M-join, N-join, M-union and N-union. We also defined some

operations on spherical fuzzy neutrosophic cubic graph.

In future, we will focus our research work to more graph in different areas, which

is used in decision making.
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