CHAPTER -1V

Bipolar spherical Neutrosophic Cubic

Graph and its Application

4.1 Introduction

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 flexible 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.
4.2 Bipolar spherical Neutrosophic Cubic Graph

In this section, first we define bipolar spherical neutrosophic cubic set and
bipolar spherical neutrosophic cubic graph and its algebraic properties such as
degree, order, union, join, composition. Further we discuss some results
related with bipolar spherical neutrosophic cubic graph with numerical

examples.
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Definition 4.2.1: Let X be a non-empty set. An bipolar spherical
neutrosophic cubic set (BSFNCS) defined by

A={ X (TR = [TE5 TR IR =B IR L ERY = [FRF B2 D),

T =T T 1R =08 IR LR = [FE R Dalxe X
where OS[TAE+£TAE+],[IAE+SIE*],[FAEJ’SFAEJ']sl’

O<[TR <TP 108 <12 1[FE <FP <1
are the interval valued neutrosophic  spherical sets  with
0<((TLH Y2 +aR )2 +(FL )2)<3 and 0<((T2 Y2 +(UR Y +FL ) )<3
and [T2+,TP+] denote the positive truth membership function, [18+ 157+]
denote the positive indeterminacy membership function, [FAE+,FA5+] denote
the positive falsity membership function, [TAE_,TAE_] denote the negative
truth membership function, [|§—,|f—] denote the negative indeterminacy
membership function, [FAE’,FAE’] denote the negative falsity membership

function and 45" : X —[01] , 28~ : X —[0,—1] denote the fuzzy membership

functions respectively.

Definition 4.2.2: Let G =(V,E) be a graph and G(P,Q) is an bipolar
spherical neutrosophic cubic graph (BSFNCG) of G, if
P=(AN={V.(TA" A" FR).(TA " 1A FA ). 2ad
Is the BSFNCS representation of vertex set V and
Q=B.wW={E.(s " 1g".Fs ).(s .15 .F5 ).ug}
is the BSFNCS representation of edge set E such that
Tg "(uv) < min{ TLH ), T ()3 T, uive) 2 rmas T (), T (v}
TE ) 2 rmad{TE(u), TR (v}, T () = rmin T, (up), Ty (vi)}
16 (Uvi) < rmind 127 (up), 127 ()} 1™ () = rmex{ 1 (i), 177 ()}

U5 () 2 rmax (), TR (i)} 10 () = Fming 107 (), 1 (v)}

67



Fa " (uiv;) < rmax{ FA T (u), Fx " (i)} BT (uivg) > rmind B (up), B (v)}

RS () 2 rmind FYT (), FX (v}, Fr(uivy) = rmax{ B (), B (v)}
Let G =(V,E) be a graph and G(P,Q) is an bipolar spherical Neutrosophic
Cubic Graph (BSFNCG) of G, if

P=(AXN)={V, (T 1R FPOY P 1R FP) )
is the BSFNCG representation of vertex set V and
Q=B ={E g 1g"Fg ) (Tg 15", Fg ).ug}
is the BSFNCG representation of edge set E and A and pare bipolar spherical

neutrosophic cubic sets.

Example 4.2.3: Let G =(V,E) be a graph where V ={ab,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],0.5),
([-0.4,-0.3],-0.2), ([~0.6,~0.5],-0.8), ([—0.9,—0.8],—0.6)}
b, ([0.9,0.1],0.7), ([0.6,0.8],0.1), ([0.4,0.7],0.1),
([~0.8,~0.7],~0.5), ([—0.5,—0.2],—0.1),([—0.3,—0.2],—0.1)}
¢,([0.3,0.6],0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4),
([-0.5,-0.4],-0.1), ([—0.6,—0.3],—0.1),([—0.7,—0.6],—0.3)}
d,([0.1,0.3],0.5), ([0.2,0.3],0.6), ([0.6,0.7],0.8),
([~0.8,~0.6],-0.2), ([—0.7,—0.3],—0.2),([—0.9,—0.6],—0.4)}

{
A
{
{
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ab, ([0.3,0.1],0.7), ([0.6,0.8],0.5), ([0.4,0.7],0.1),
([—0.4,—0.3],—0.5),([—0.5,—0.2],—0.8),([—0.9,—0.8],—0.1)}
ac, ([0.3,0.5],0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4),
([-0.4,-0.3],-0.2), ([-0.6,~0.3],~0.8), ([—0.9,—0.8],—0.3)}
ad, ([0.1,0.3],0.5), ([0.2,0.3],0.6), ([0.6,0.7],0.5),
([~0.4,-0.3],-0.2), ([-0.6,0.3],-0.8), ([—0.9,—0.8],—0.4)}
be, ([0.3,0.1],0.8), ([0.4,0.6],0.7), ([0.5,0.71,0.1),
([~0.5,-0.4],~0.5), ([—0.5,—0.2],—0.1),([—0.7,—0.6],—0.1)}
bd, ([0.1,0.1],0.7),([0.2,0.3],0.6), ([0.6,0.7],0.1),
([~0.8,-0.6],-0.5), ([—0.5,—0.2],—0.2),([—0.9,—0.6],—0.1)}
cd, ([0.1,0.3],0.8), ([0.2,0.3],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)}

{
{
e
{
{
{

a ab b
ac| be ad bd
C cd d

Fig. 4.1. The vertex set in P and the edge set in Q are represented for the
graph G*=(V,E)

Remarks:

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

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

every edge with each other we get an bipolar neutrosophic cubic curve.

Definition 4.2.4: Let G=(P,Q) be an bipolar spherical neutrosophic cubic

graph. The order of bipolar spherical neutrosophic cubic graph is defined by
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TR T ), (1R 1)), (FR, f*)(u)}
TR T, (A7 15 7)), (F5~ X))

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

(Tg T )v), (1™, 15 ) v), (Fg * F.)(uv),
(Mg~ 0 )v), (1~ 1. 7)(uv), (Fg — F7 7))

0G)= % {

ueVv

deg(u)= X

uvekE

Example 4.2.5: In the above example, the order of a bipolar spherical

neutrosophic cubic graph is

oy | (0.7.091.2),([.21.711.8), (15,210,
e(a)= {([—1.2,—0.9],—0.9), (-1.7,-0.8],-2.4), ([—2.7,—2.4],—0.8)}
o) | (0.7:031.2.2),([1.21.711.8),(1.5,2.1],03),

el )_{([—1.7,—1.3],—1.5),([—1.5,—0.6],—1.1),([—2.5,—2],—0.3)}
toee) | (07:091.2.4), ([L.15],21),(12:6,2],0.9),

’ )_{([—1.4,—1.1],—0.9),([—1.7,—0.8],—1.1),([—2.5,—2],—0.7)}
ter ) | 0:30.71.2),([0.6.0.911.9),(1.8,21],2),

o )_{([—1.7,—1.3],—0.9),([—1.7,—0.8],—1.2),([—2.7,—2],—0.8)}

Definition 4.2.6: Let G, =(P,Q,) be an bipolar spherical neutrosophic cubic
graph of G; =(V;,E;) and G, =(P,,Q,) be an bipolar spherical neutrosophic
cubic graph of G5 =(V,,E,). Then Cartesian product of G, and G, is denoted
by

G xGy =(R xP,,QxQy)
(AT AT ) (AT 057 ) (AF M) x (A5 7,4%),
((51P+,Mf+)><(BzP+,uzp+),(B1P,M1P)><(B§,ME)J

) [(Al'” x ADT AT XD, (AT x AP AL xA5), J

(BL " xBj " uf “xps ) (B xBs up xpd )
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P+ P+ P+ P+ P+ P+
AlXAZ ’T7\.l><}\.2 )’(I A1><A2 ! I}\.lX}\.Z )’ (FAﬂ_XAZ ! F}\‘lX}\‘Z)

P-  —P- P- P- P P-
(TAlXA2 ’T}\,lx}\,z )’(I Aﬂ_XAZ ! I}\,lX}\,Z )’ (FAg_XAZ ! F}\,lx}\,z)

P+ P+ P+ P+ P+ P+
ByxBy 1 Ty xiy ). (I ByxBy 1 Ly )’(FB1X52 : FHlleZ)

GIXGZ =

P P P P P P
ByxBy 1 Ty xiy ). (1 ByxBy + Ly )’(FB1X52 : FHlleZ)
and is defined as follows:

Th s, (W) =rmin{ To " (), To" T L, V) =rmaq{T,. " (u), T, ()3,
Then, (UV)=rmax{Tr (), T4 (M} T, V) =rmin{ T,C (), T,, ()}

Laoa, (V) =rmind 1R (), LR (3 1775, (uv) =rmaxd 17 (u), 17 (v)},}

U, (UV) = rmaxd 1R (), Lo~ (W3 1577, (uv) = rmind 17 (), 15 (v)}

Fra, (UV) =rmax{Fx (), Fa "W} Fi b, V) =rmin{ B (u), T ()},
Faxn, U V) =rmin{ F2~(u), FA~ (W} B, (uv) =rmax{ B (u), F- (v}

Ta,ve, ((UV)(U,V2)) = rmid To " (u), Tg, " (viv2)},
Ta,xe, (U V)(U,V2)) = rmax{Tx ~ (u),Tg," (viv,)},
T b, (U, VR)) = rmax{ TP (), TP (vyv,)},
T, (U, VR) = rmin{ T7~ (), T, * (vyv, )}

g, (U V(U V) = rmin 127 (u), 15" (vyv2)},

15 e, (U V)(U Vo)) = rmax{ 13~ (u), 15 (vyvy)},

5.
L0, ()(U,v)) = rmax{ 17 (u), 15F (vyv,)},
e, (VDU V) = rmind 17 (), 1] (vyvy)}
Fa,xe, (UV1)(U,v,)) = rmax{ FA " (u), Fg, " (viv,)},
; Fe, s, (UV1)(U,v2)) = rmin{ F{~(u), Fg," (viv2)},

Fo T, (Uvg)(u,vo)) = rmind B (u), .07 (v,

Fo o, ((UVg)(U,v2)) = rmax{ F2 ™ (u), B (vyvy)}
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T ve, (U V)(Up, V) = rmin Tg " (ug,up), T, T (W)},
Te s, (U, V)(Up V) = rmax{Tg, ~(ug,u,). T, " (W)},
T b, (UL V)(Up, V) = rmax{ T2 (ug,up), T (W)},

T o, (UL V)(U, V) = rmin{ T,7~ (ug,Up), T2 T (v)}

15,5, (U, V)(Up, V) = rmind 15" (ug,up), 17 (W)},
15 e, (U, V)(Uz,v)) = rmax{ 1§ (uy,up), 15 (W)},
|, (U1 V)(U2, V) = rmax€ 15 (ug,up), 10 (W},

L, (U VYU, v)) = rming 157 (ug,up), 1577 (v)}

Fg, vs, ((Uy,V)(uy,v)) = rmax{ Fg " (uy,up), FLF (W)},
Fg, g, (Uy,V)(uz,v)) = rmin{ Fg,~(u;,u,), " (W},
Fi o, (U1, V) (U, V) = rmind F.2 " (ug,up), FE (W),

Fi o, (U V)(Uug,v) = rmax{ F.2 ™ (uy,up), B (v)}

Example 4.2.7: Let G, =(R,Q,) be a bipolar spherical neutrosophic cubic
graph of G =(v,E) as shown in Fig. 42 , Where v, ={ab,c} ,

E, = {ab,bc,ac}.

([-0.8,-0.6],~0.2), ([~0.7,-0.3],0.2), ([~0.9,~0.6],~0.4)

o _| [0(10-103105),([0.20.30.6),(106,0.7,0.8),

1 {([—0.4,—0.3],—0.2),([—0.6,—0.5],—0.8),([—0.9,—0.8],—0.6)}
¢,([0.3,0.5],0.2), ([0.8,0.9],0.5), ([0.2,0.4],0.5),
{([—0.8,—0.7],—0.5),([—0.5,—0.2],—0.1),([—0.3,—0.2],—0.1)}

a,([0.3,0.6],0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4), }

ab, ([0.1,0.3],0.8), ([0.2,0.3],0.7), ([0.6,0.7],0.4),
{([—0.4,—0.3],_0.2), ([~0.6,~0.3],-0.8), ([—0.9,—0.8],—0.4)}
ac, ([0.3,0.5],0.8), ([0.4,0.6],0.7), ([0.5,0.6],0.4),

Q= {([—0.8,—0.6],—0.5), ([-0.5,-0.2],-0.2), ([—0.9,—0.6],—0.1)}
bc, ([0.1,0.3],0.5), ([0.2,0.3],0.6), ([0.6,0.71,0.4),
{([—0.4,—0.3],—0.5), ([-0.5,~0.2],-0.8), ([—0.9,—0.8],—0.1)}
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and G, =(P,,Q,) be an bipolar spherical neutrosophic cubic graph if

G, = (V,, E,) asshown in Fig. 4.3, where v, = {x, y,z} and E, = {xy, yz, xz}

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

o _[ [¥:([0.10210.4).(0.7.031,09)([0.20.4] 0.3),
27\ 1([~0.3,~0.2],-0.1), ([~0.5,0.3],~0.2), ([-0.7,~0.5],0.3)

2,([0.3,0.5],0.2), ([0.5,0.6],0.7), ([0.2,0.6],0.8),
{([—0.8,—0.7],—0.5),([—0.7,—0.4],—0.3),([—0.9,—0.4],—0.2)}

xy, ([0.1,0.2],0.4), ([0.4,0.31,0.9), ([0.2,0.41,0.1),
{([—0.3,—0.2],—0.1),([—0.4,—0.2],—0.5),([—0.7,—0.5],—0.3)}
| (x2,(0.3051,0.3),(0.4,0.61,0.7),(10.2,0.610.5),
Q2 {([—0.7,—0.6],—0.5),([—0.4,—0.2],—0.5),([—0.9,—0.4],—0.2)}
y2.([0.1,0.2],0.4), ([0.5,0.3],0.9), ([0.2,0.6],0.1),
{([—0.3,—0.2],—0.5),([—0.5,—0.3],—0.3),([—0.9,—0.5],—0.2)}

Then G, xG, is an bipolar spherical neutrosophic cubic graph of G; xG, as
shown in Fig. 4.4, where

VixV, ={(a,X),(a,y).(a,2), (b, x), (b, y). (b, 2).(c. ). (c. y).(c, 2)} and
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P]_XPZ:

Q1 xQy =

f
{
{
!
{
{
g
{
{

{
{
{
!
{
{
!
f

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



ab ac

b be c

Fig. 4.2: The vertex set in P1 and the edge set in Q; are represented for the
graph G1=(P1,Qu)

1.
]’ﬂ:
-

Fig. 4.3: The vertex set in P2 and the edge set in Q2 are represented for the
graph G2=(P2,Qz2)

Theorem 4.2.8: The Cartesian product of two bipolar spherical neutrosophic
cubic graphs is again an bipolar spherical neutrosophic cubic graph.
Proof: For B xp, the condition is obvious. Now we verify the conditions

only for @, xQ,,

where
P+ P+ P+
(T|31><|32 Tulxuz) (|51X52 IH1><H2) (F|31><Bz FM1><M2)

P— P— P—
(TleBz Tplxpz) (IleBz Iplxpz) (Fle82 Fplxpz)

QxQy =
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Then

Te, v, (U U)(U,V2)) = rmind Tx " (u), Tg " (upv,)},
<rminf(TA* (), (rmin( T2 " (up), T (v2))}

=rmin{ rmin( T2 (), T4 (uz)), rmin( T2 ¥ (u), T4 (v,))}

=rminf((TA " xTx ") (uup)), (T xTa " )(uv,)}

Tg, 8, (U U2)(U,V2)) = rmax{Tx ~(u), Tg ~(uyv,)},
> rmax{(TA~(u), (rmax(Ta (up).Tx, (v))}
=rmax{rmax(T5 (u),TA (up)), rmax(T5 (u),TA (v,))}

=rmax{((Ta xTa, )(uu) (T4 xTA )(uv,))}

T, (UU2)(U,V,)) = rmax{ T, (u), T, " (uv)},
< rmax{( T, (u)), (rmax(Ty" 7 (up), T5F (v,))}
= rmax{r max(Ty " (u), T, " (up)), rmax(T,5 " (u), T,5," (v2))}

= rmax{((T,{, " x T, ") (uu,)), (T, " <y )(uv,))}

T, (W UR)(U, V) = rmin{ T,2 ™ (u),T,7 ™ (upva)},
> rmin( T, (u)), (rmin( T,{,” (up), T, (v )}
= rming r min( T~ (u), Ty (up)), rmin Ty~ (u), T, (v,))}

=rminf(( T, T, 7)(uu,)), (T4, < T 7)(uv, )}

g, ((U,U2)(U, V) = rmin{ 127 (u), 15" (upva)},
<rmin{( 13" (W), (rmin( 137 (uy), 12" (v2))}
= rmin{ rmin( 1" (), 1 ¥ (up)), rmin( 1" (u), 15" (v2)}

= rmin{(( 15, 1, )(Uup)), (1R x 17 )(uv,))}

15, (U,Uz)(U,v2)) = rmax{ | 2~ (u), 15, (UpVa)},
> rmax{( 15 (u)), (rmax(1 i (uy), 1o~ (v2))}
= rmax{rmax( 15" (u), 1o, (Up)), rmax( 15" (u), 14 (v2))}

=rmax{(( 15~ x1a )(uuy)), (1a~ x 14 )(uv,))}
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o, ((U,UR) (U, Vo)) = rmax{ 12T (), 1 (ugvy)},
< rmax{( 17 (u)), (rmax(15F (up), 17" (v2))}
= rmax{rmax( 17" (u), 17, (uz)). rmax(17" (u), 1, (v2))}

= rmax{(( 10 1 ) uup), (L 1 )(uv,))}

L2, (U U)(U,V,)) = rmind 177 (u), 15 (upv,)},
> rmin{( 17 (W), (rmin( 17 (uy), 17 (v,))}
= rmin{ rmin( 17" (u), 1, (up)), rmin( 157 (u), 15, (v,))}

= rmin{(( 15 x 13, )(uup)), (1 < 15, )(uvo))}

Fg, w5, (U,Uy)(u,vp)) = rmax{ Fx " (u), Fg " (u,v,)},
<rmax{( FA " (u)), (rmax(Fa " (uy). F5 " (v2))}
= rmax{r max(FA* (u), FA " (up)), r max(FA™* (u), FA Y (v,))}

= rmax{(( F£, " xFx,")(uup)), (FA " xFL")(uvo))}

Fé, <, ((U,U2)(U,v)) = rmin{ F5~(u), Fg, (Uzv2)},

> rmin{( F4 (), (rmin( FX ™ (up), FA ™ (v))}

= rmin{ rmin( Fx~(u), Fx~(uy)), rmin( F£~(u), Fa " (v2))}
=rminf(( FA~ xFx )(uuy)), (Fa~ xFA )(uvy))}

Fo L, (Uu)(u,vp)) = rmin{ F7 (u), P (ugvy)},

<rmin{( R (W), (rmin( .77 (up), 2T (v2))}

= r mir{ r min( FKP; (u), ka; (u,)), r min( in+ (u), Ff; (o))}

=rmin{(( F,. " x FL5)uuyp), (FLF < FD)(uv,)}

For e, (U U)(U, V) = rmax{ B~ (u), F. ™ (ugvy)},
> rmax{( Fy,~ (u)), (rmax(Fy~ (up), Fi ™ (v2))}
= rmax{r max(F,"~(u), F{. " (up)), rmax(F,.~(u), Y~ (v))}

= rmax{((F,} < F,0 ) (uup), (R x F)(uv))}

Similarly, we can prove it for weV,and u;,u, € E,
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Definition 4.2.9: Let G, =(R,Q,) and G, =(P,,Q,) be two bipolar spherical
neutrosophic cubic graphs. The degree of a vertex in G; xG, can be defined

as follows for any (u; xu,) ev; xv,

deg(TA " xTo )upUp)= % rmax(Tg " xTg ")(Uy, Uz)(vy,V2))
(uguz)(v1v2)eE,

= X rmax(Ta (). Tg, (Ug, Vo))

Ul=V1=U,U2V2 EEZ

P P
+ Z r maX( TA2+ (W)’ TBl+ (u11 Vl))
Uy =Vo=W,uv; €E

P P
+ 2 rmax(Tg, " (Ug, ), Tg, " (Uz,V,))
U]_:VlEE,UZvZ €E2

deg(TA TR )UpUp)= X rmin(Tg =T )((Ug,Up)(v, Vo))

(Upuy)(vyvp)eEy

- > rmax(T4~(u), Tg, (Up,V2))

U1:Vl=U,U2V26E2
+ Y rmax(TA ™ (W), Ta, ™ (U, Vy))

Uy =V =W,Uv, €E

P P
+ > rmax(Tg (U, vq) T, (Uz,V2))
U1=V1€E,U2V26E2

deg(T " x T, ") (ug, Up) = 2 rmin T, %75 )((un, Uz)(v,v,))
(ugup)(vyv2)eEy
_ 3 r min( T{i* (U),TMF;+ (Uz,V5))
Up=V3=U,UzVp €Ep
n 3 r min( T{;+ (W),'l':;+ (U, V1))
Uy =V, =W,Uv; €E
+ 3 rmin( T (U, ), T.0 " (Ug,V2))

U1=V1€E,U2V2€E2
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deg(Ty xTP ) upup)= X rmax(To xT,27)((Ug,up)(vy,V,))
(ugup)(vyvy)eE,

= > rmax(Ty,~ (u), T,0 (U, V2))
U =V1=U,UsV> €E2

+ Y rmax(T,~ (W), T,y (Up, vy))
U2:V2=W,U1V1€E

P P
+ ) rmax(Ty, (U, ), Ty, (U, V)
U]_:VlEE,U2V2€E2

deg(IR" x IR UL U) = % rmax(I5 < 15" )((uy, Up)(vy,V,))
(ugup)(vyvp)eE,
= > rmax( 157 (u), 157 (uz,V,))
U =Vy=U,UsVy €E2
+ > rmax( 1o+ (w), 15" (U, )

Uy =V, =W,Uv €eE

p p
+ ) rmax(lg" (U, i), g, (Up, V7))
U1:V16E,U2V2 EEZ

deg(Ip xIp )upup)= X rmin(lg x I )((Ug,Up)(v, V)
(uguz)(vvp)eEy
= 3 rmax(ly ) 1§ (U vy)
U1:V1:U,U2V2 GEZ
+ X rmax(y(w) 1 (g v)
Up =V, =W,u;v;€E
+ X rma(lg (L) g, (Up, Vo))

Ul:VlEE,U2V2 EEZ

deg(I < Ix YU )= = rmin( 155 < 17)((ug,Up (v, V)
(uguz)(v1v2)eE,

P P
- > rmin( 15 " (u), 1,7 (Up,v2))
Ul:V1:U,U2V2 EEZ

; P P
+ > rmin( 15" (w), 1 " (U, v))
Uy =V, =w,uv, €E

P+

+ > rmin( 1" (ug, ), |52+(U2’V2))

U]_:VlEE,UzVZEEZ
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deg(ly x L) upup) = X rmax(10 1] )((ug, Up (v, v2))

(ugup )(vyvp)eE,
P- P-
= > rmax(1; - (u), 1, (U, vy))
Ul:V1=U,U2V2€E2
P- P-
+ z I’maX( |7\,2 (W)! IHl (ulrvl))
U2:V2=W,U1V1€E
P- P-
+ > rmax( 1y, (U, ), 1y, (Uz,v2))

U1:Vl€E,U2V2€E2

deg(FA*xFL ) UpnUp)= X rmin( Fg " x B F)((ug, Up)(v,V,))
(uup)(vyvy)eEy

- > r min( FAF;+ (u), FBP2+ (Up,Vv5))

U1=V1=U,U2V2€E2

+ > rmin( F5 " (w), Fg " (Ug,vy))
Uy =Vy =W,Uv, €E
+ 3 r min( FBF;+ (ug, vy), FBPZ+ (Uz,v3))

U1:V16E,U2V2 EEZ

deg(FL xFL)ULU)= X rmax(FS ™ xR )((UnUp)(v,v,))
(uguz)(vyv2)eE,
- D rmin( o~ (u), Fg, (Up,V5))
U =Vq=U,U,Vp €Ey
n D r min( FAPZ_ (w), FBPl_ (ug, V1))

Uy =Vo=W,Uv, €E

. pP— P—
+ 3 r min( FBl (Ug,vy), ng (U, V7))
U]_:VlEE,U2V2€E2

deg(FL < FPUnu) = % rmax(F.F < FP)((ug,up)(v,v)
(ugup)(vavo)eEs
- > r max( F;E*(u), FHF;+ (Up,Vv5))
U1:V1:U,U2V2 EEZ
+ > rmax(F>t (), Fr (g, v))

Uy =Vy=W,uv; €E

P P
+ D rmax(Fy " (U, ), B (Ug,v,)
UlzleE,U2V2€E2
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deg(F xFi )(upup)= X rmin( FE™ < FP7)((ug, up)(vy, V)

(Upuy)(vyvp)eE,

- > rmin( B~ (u), F,l (uz,V,))

U1=V1=U,U2V2€E2

n 3 r min( F;LF;’ (w), F:f (U, V1))

U2 :VZ =W,U1V1€E

. P— P—
+ D r min( F., (g, ), Fo, (U2, V7))
u;=vieE,uvr €k,

Definition 4.2.10: Let G, =(R,,Q,) be a bipolar spherical neutrosophic cubic

graph of G, =(V; ,E;) and G, =(P,,Q,) be a bipolar spherical 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,]= (P, Q)IP>,Q,]
={(R[P,] Q[Q: 1}
={(ALA)[A2, 221, (B, ug)[Bo, o I}
={(AlA ] Aq[A2 ], (By[Bo Il D}

(T4 oTaA ) (T 0T ) (1A 0 1)), (13 0 1)), (Fa Fo PR, ), (Fy, To R )),>
«TA'j‘oTAZ ) (r{;‘onz D), ((1a 018, ) (17,7017, ) (Fr oFg, ), (R oFy )
((Tg, 0TS ). (T TP ). (150157, (17 0 125, (F& "o FE ). (Fh "o F:;+»,>
((Tg, oTg, ). (T, 0T, N.((1g, IBZ)(IP— i, ) (Fg, oFg, ), (Fy oF; ")

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

(Tx "oTL )(uv)=rmin (T (), T4 (W), (T oT) ) (u,v) = max (T, " (u), Tt (v))
(Tx oTA )UV) =rmax (T~ (u),TA~ (V). (Ty,"oT,, ")(u,v) =min (T, (u), T,>~(v))

(IP+0|A )(u,Vv) =rmin (I (u) I (v)) (Ix1 olx2 )(u,v) = max(l (u) I

, (V)

(1 01y )(u,v) = rmax (13~ (u), Loy (), (15,0 137, )(u,v) = min (177 (), 1, (v))
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(Fa, "0 Fa,")(u,v) = rmax (Fg " (u), Fa" (V) (R "o Ry, )(u,v) = min (R (u), BT (v)

(Fa, 0F, )(uv) =rmin (Fs"(u), Fa,” (V). (F, 0 F5)(u,v) = max (R~ (u), Fif, (V)

2. Yu Evl and V1V2 (S E

(Tg, "oTg, (U V) (U, Vo)) =rmin (Tx " (u).Tg," (VoV,)),
(T 0T, (U, Vg)(u,v2)) = max (T F (u), T, (Vyv,))
(Te, oTg, (U, vy)(u,v,)) =rmax (Ta~(u),Tg, (viv,)),
(T oT,0 7 )(Uv)(U,V,)) = min (T, ~(u), T, (vyV,))

(15, 0 15 )((u,vp)(u,vo)) = rmin (157 (u), I (vyv,)),

(1o o )((u,vy)(u,vp)) = max (1 (u), 157 (vyvy))

(15, 0 1E (U vy)(U, Vo)) =rmax (1 3~ (u), 1§ (vyvy)),
(15701 ) (U vp)(u Vo)) = min (177 (), 1S (vav,))
(Fg, "o Fg, " )((u,v1)(u,v)) = rmax (F4 ™ (u), Fg. " (viV,)),

(R "o R (), v2)) = min (FF 7 (0), R (vvo)

(Fg, 0Fg, J(UV)(u,v)) =rmin (F£ (1), Fg (V).

(Fr o F 0 (U, vy)(u,v2)) = max (Fy.~ (u), Fr~ (vyv,))
3. WeV, and uu, € E;

(Tg, "oTg, " )(Uy,V)(ug,V)) = rmin (Tg, " (Ugu,), TA " (v)),

(T oT,o " (U, v)(Uz, V) = max (T, (U, T, (V)

(Te, 0Tg, )(ug,V)(up,V)) = rmax (Tg,~ (uyu,),Ta (V)),

(Th 0T, 7 )((ug, V)(Uz,v)) = min (T, (ugu,), T (v)

(Ig, 015" )((Ug, V)(uz,v)) = rmin (15" (Uyp), 13" (V),

(150 127 )((uy, v)(up,v)) = max (15" (uguy), 17 (V)
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(15, 0 1E )(uy,V)(Up, V) = rmax (15 (uyuy), 1 &~ (v),

(e 01 )((ug,V)(Uz,v) = min (1,57 (uyup), 1, (V)

(Fg, "0 Fg,")(uy,V)(up,v)) = rmax (Fg, * (uyuy), Fx " (v),

(FLoFR, ) (uy,v)(uz,v) = min (FL* (uu,), F7 (v)

(Fg, 0 Fg, (U v)(uz. ) = rmin (F, (uyup). FE, (),

(Fr o Ry )((ug,v)(ug,v)) = max (Fr~ (uguy), Fy (V)

(T, oTg, )(Up. Vi) (U, Vo)) =rmin (TAF(vy), TR (v2),Tg, " (Ug,Up)),

(T "o, ) (U V) Uz, V2)) = max (T F (vy), Ty " (V). Ty (Ug,U,))

(Te, 0Ta, )((ug,Vy)(Uz,V5)) = rmax (Ta (V). TA (v2), T, (Ug,Up)),
(T 0T, (U V) Uz, V) = min (T)7 (V). T,0 ™ (v2), T, ™ (uy, uy))

(15, 0 1 )((ug. V) (U Vo)) = rmin (1R (vy), A7 (V). 15" (Up,Up)),

P+

(1o oo )((ug V) (U, Vo)) = max (1 (vy), 1F (v), 15" (Ug,Up))

(15, 015, )((Upvy)(Uz,Vv,)) = rmax (13 (vy), L (v2), 15, (ug,uy),

(1570 1)Uy, va) (U, Vo)) = min (1 (vy), 15 (Vo) Lo (U, U,)

(Fg, "o Fg, )(Uy,V1)(Up,V,)) = rmax (Fa " (vy), Fx " (v2), Fa, " (Ug,U,)),

(FuTO FHF;+)((“1’V1)(U2 V7)) = min (FxP; (V1), Fxp; (Vo) FHF? (Up,Uz))

(FBF;_O FBPZ_)((ul’Vl)(UZ'VZ)) =rmin (FAPZ_ (V). F/fz_ (v2), FEI;Dl_ (ug,uz)),

(FL o FD (U vi)(Ug Vo)) = max (R (vy), Fo (vo), Ry~ (ug,uy)
Example 4.2.11: Let G, =(V;,E;)and G, =(V,,E,)be two bipolar spherical
neutrosophic cubic graphs, where V; =(a,b) and V, =(c,d). Suppose P, and

P, be the bipolar spherical neutrosophic cubic set representations of V; and
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V, . Also Q and Q, be the bipolar spherical neutrosophic cubic set

representations of E; and E, defined as follows:

a,([0.4,0.71,0.3),([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],0.2), ([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,([0.4,0.51,0.3), ([0.3,0.4],0.6), ([0.8,0.8],0.7),
17\ 1(~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]1,0.5),([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)}

~ /[ed,(10.3,0.11,0.9), ([0.4,0.3],0.5), ([0.9,0.41,0.1),
Q= ([-0.5,-0.6],-0.3), ([-0.4,—0.4],-0.2), ([-0.8,—0.6],-0.1)

Fig. 4.4: For the two bipolar spherical neutrosophic cubic graphs G; = (Vy, E;)

and G, = (V,,E,) the vertex sets V, = (a,b)and V, =(c,d) and the edge sets E;
and E,

The composition of two bipolar spherical neutrosophic cubic graphs G; and

G, is again an bipolar spherical neutrosophic cubic graph, where
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!
PLP]= {
{
|

(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,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], 02)}
(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], 01)}
(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], 02)}

((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],0.1),
([-0.4,-0.3],-0.3), ([~0.6,~0.4],-0.5), ([~0.8,~0.6],~0.2)

([-0.5,-0.3],-0.3), ([~0.4,~0.4],~0.5), ([~0.8,~0.6],~0.1)
((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), ([L.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), ([L.0,0.8],0.1),
([-0.4,-0.3],-0.3), ([~0.4,~0.4],-0.5), ([~0.8,~0.6],~0.1)

Q[Q;]=

(a,c) (b,c)

(b,c)

(a.d)(b.c)

(a,c)(b,d)

(b,c) (b,d)

{((b 1d)(b,c)), ([0.3,0.1],0.9), ([0.4,0.3],0.5), ([1008]01)}

(a,d)

(a,d) (b,d)

(b,d)

Fig. 4.5. The composition of two bipolar spherical neutrosophic cubic graphs

G and Ga.
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Definition 4.2.12: Let G, =(R,Q,) and G, =(P,,Q,) be two bipolar spherical

neutrosophic cubic graphs of the graph G, and G, respectively. Then M-

union is denoted by G,Uy G, and is defined as

G Um G, ={(R, Q) Uwm (P, Q)}={RUwm P, QUn Q2}

(T Un TR @ U TEON (AT Un LR, AL Un 1), (FAT Un FEDL (R U FED))
(T8 Un T ) (G U TEO) (R U 1) (7 U L0 ((FL~ Uy FE LR U FE)
(T, Um Tg, ) (T U TEO) (g, Um 18 (12 U 1) ((Fg, U Fa, ) (F ¥ U FE5))
(Tg, Um T8, ) (Mo Un TEN. (6 Un 1g,) (1 U 10 ) (Fs, U Fa, ) (F2"Un FEO))

where
Ta (), ifuev v,
(TA Un TENW) ={TL" ), if uevy -V,
rmex{T5* (U),TA" W)} Lif uev Nv,
TAPl_(u)l ,|f u EVl —V2
(T Un TE W) ={TL (u), if uevy -V,
rmin{T5~(u),TL (W} if uev, NV,
Ty (), Jif uev —v,
(M5 Um T D) =1 T (), Jif uev, v
max{T,"" (). TE W} if uev Ny,
T, (u), Jif uev —v,
(M, Un T )W) =1T3, (), Jif uev, —v
min{ Txpl_ (U),TXPZ_ w} LifuevNv,
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(I Uw 1)) =

(Ia Uw 1a,)W) =

(I Uw 1)) =

(I Uw 1)) =

(Fr Uw FA ) =

(Fr Uw FA )=

(FL"Um L) =

(FS Uw B =

Ia" (), Jif uev,—Vv,
IaS (u), Jif uev, —v

rmax{ 1" (u), 12" (W)} if uevy Ny,

Ia (u), Jif uevy—Vv,
Ia (u), Jif uev, —v

rming 13~ (u), 1o (U} ,if uev NV,

|£WW, Jif uev;—v,
|£WW, Jif uev, —v;

max{ 1" (), 10" (W} if uevy Ny,

IiXm, Jdfuevy—v,
I&X@, Jdfuevy —vy

mind 17~ (u), 15 (W} Lif uev Ny,

F&*@D, Jif uev; —v,
F&Wm, Jif uev, —v;

rmind Fx " (u), FA T (W} Lif uev; Nv,

FgYm, Jfuevy—v,
F&1w, Jifuev, —v;

rmax{Fx, (u),Fx (W} ,if uevNv,

ot (u), Jif uev,—v,
POt (u), Jif uev, —v

min{ F,” " (u), FOT W} if uevy Ny,

R (u), Jif uev,—Vv,

P (u), Jif uev, —v;

max{ K, ~(u), F,. (W} Lif uev Ny,
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(Te, U Tg, )uyv,) =

(Ts, Uwm Tg, )upvy) =

P P
p1+ Um Tp;)(Usz) =

(Mo~ Um T,0)ugv,) =

(15" U 15, )(ugvy) =

(I, Uwm 18, )uzv,) =

(I Un 1o0)(Uvp) =

(lupl_ Um |52_)(U2V2) =

Tg, " (UaVy), Jif UyVy eV —V,

Tg, (UVy), Jf UoVy €Vy —Vy

rmax{Tg, " (UVv,), g,  (Upvy)} if Uy, € By NE,

Tg, (UVvy), Jif UyVy eV — Vs
P_
Tg, (Uzva),

rmin{ Tg ™ (UpV,).Tg, (UpVp)} if Upv, € BN E,

Jf Uovy eVy =y

P+ ;
Ty, (Upvy), A Uyvy eV —vy

P+ ;
Ty, (Uyvy), Jf UV, evy —vg

rmX{THI:;-'_ (UZVZ)’THF)Z+ (UZVZ)} ,|f u2V2 c El ﬂ EZ

P— -
Ty, (Uavy), Jf Upvy Vg —V,
pP—
sz (U2V2),

mind T2~ (Upvo) T~ (UpVe)} if Uy, € By NE,

,|f U2V2 EVZ _Vl

|§1+ (U2V2), ,|f u2V2 S Vl —V2
p
IB;(UZVZ)y

rrnax{lgl+ (UyV,), |§;(u2v2)} Jif Uyv, e By NE,

,|f u2V2 EVZ _Vl

Igl_ (U2V2), ,|f UZVZ (S V]. —V2
p_
Ig, (UaVy),

rmind 15~ (UyV,), 15, (UVy)}

,|f UZVZ €V2 _Vl

P+

I, (Upvo), Jf UV, eV —Vvy
|52+ (Uyvy), Jf UV, eVy —vg

P P :
maX{ IH1+ (U2V2), |u2+ (UZVZ)} ,|f UZVZ € El n Ez
IEl_(U2V2), ,|f U2V2 EV]_—VZ
1o (UpVy), Jf UyVy €V —Vy

mind 157 (UpVo), 15 (UVvp)} if Upv, € B NE,
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P+ .
F 1 (U2V2), ,|f UV, €Vy —Vy
P P P .
(I:Bl_‘_LJNI FBZ+)(u2V2): FBZ+ (u2V2)| ,|f U2V2 EV2 _Vl

rmind Fg " (UyV,), Fg. " (UpVo)} i upv, € EjNE,

FBPl_ (uavy), Jf Usvy vy —Vv,
(Fg, Uwm Fa, )UaVy) =1 Fg, (UVy), Jf UV, €Vy —Vy

rmax{ Fg, (UVy),Fg, (UpVp)} if upv, € EjNE,

FF;-+(quZ), ,|f UZVZ €V1—V2
P P P :
(Fy, U p;)(Usz): Fu;(Usz), Jif Uovy eV, —vy

mind B (Uav,), oY (Upv)}  if upv, € B NE,

P_ -

Fpl (U2V2), f UosVy €Vq —Vs
P P P :

(Fy, Um Fu, )(Uavp) =1 Fy (Upvs), A Upvy eVy —vy

maX{ FHF;_ (U2V2), FHPZ_ (U2V2 )} ) if u2V2 € El ﬂ E2

and the N-union is denoted by G;Uy G, and is defined as follows:
G1UN GZ :{(Pl’Ql)UN (P21Q2)}:{P1UN P21Q1UN QZ}

<«T,§+UN TaN.TE U TEN (R U TRD. U5 U 10D, (FR T Uy FEDL(RE Uy FE)
(T4 UnTA D@0 Un T ) (R Un TR ) (L Un 150 (FE U FAOL(RE U F{’;»>
) <«TBF;+UNTBF;+) (TP UNTOI) (8 Un 1)) (10 |P+)) ((F&,"Un Fg, ) (Fo Uy FL)

(T, UnTg, ).(TE UnTE) (1, UNIBZ)(IL Un I, ) ((Fs, Uy Fe, ) (Fi U R »>

where
Th, (), if uev —v,

(Mo Un TR =4 TR, (1), Jf uev, —v
rmex{T4" (), TA (W} ,if uevNv,
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(Ta UnTA, ) =

(M. Un T DW) =

(T Un T ) =

(1A Uy 1)) =

(1A Un 1h)W)=

(I U 150 u) =

(o Un 15)W) =

Ta, (), Jif uevy -V,
Th, (u), Jf uev, -y

rmi{ Tp = (u),TA, (W} if uev Ny,

Tt (u), Jif uev,—Vv,
Tt (u), Jf uev, —v

max{T,. " (), T,. W} .if uevNv,

TﬂXw, Jf uevy —vy
TﬁXw, Jdfuevy, —vg

min{ ..~ (u), T (W} if uevi Ny,

IZW@, Jif Uev; -V,
I&%m, Jif uevy, —vy

rmax{ |3 " (u), 13" (W)} if ueviNv,

IZXW, Jdf uevy—v,
IZKW, Jdf uev, —v;

rming 13~ (u), 1A~ (W} Lif uev; Ny,

Iiﬂw, Jif uev; —v,
I&%m, Jif uevy, —v;

max{ 1" (u), 1 (W)} if ueviNv,

(), if uev; —v,
(), Jifuev, —v

mind 17~ (u), 10 (W} Lif uev Ny,
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FA|?1+ (U), ,lf u EV]_ —V2
(FR Uy FROW) ={FL (), it uevy -y,

rmind Fr " (u), Fa " (W)} if uev; Ny,

Fr (u), Jif Uev, v,
(Fa, Un Fa, () =1 Fa, () ifuev,—v

rmax{Fs,(u),Fa (W)} .if uevNv,

F}\,F;+ (u)a ,|f ue V]. —V2
(F, Un B W) = FL (), Jif uev, —v;

mind .77 (), FoT @} if uevy Ny,

FrL (), Jif uev; —v,
(kal_ Un kaz_)(u) = kaz_ (u), Jfuev, —v

max{ F,_ ~(u), F,." (W} if uev Ny,

P -

TBl+ (U2V2), y |f U2V2 S Vl —V2
p P P :

(Te,"Un Tg, )(uaVvp) =4Tg," (UaVy), A Upvy eVp —vy

rmax{Tg " (UV,), g, (UpV2)} Lif Upv, € E1NE,

P_ -

TBl (UZVZ)’ ,|f U2V2 eVl—V2
P P P :

(Tg, Un Tg, Nupvp) =1Tg, (Uyvy), A UpVy €Vy —Vy

P -
T, (Uyvy), Jif Uyvy e vy —Vy

P P P -
(T, "Un Ty, Uav2) =1 T, (UpVy), Jif UV, eV, —vy

rnaX{T:i+ (U2V2),THPZ+ (U2V2 )} ,|f U2V2 € El n E2

T;,E__(UZVZ)I ,|f UV €Vy —Vy
(THF;._ U N THPZ_)(UZVZ) = THPZ_ (u2v2)| ,|f U2V2 € V2 _Vl

min{ T~ (UpV2), T (UpVo)} if Upv, € E1NE,
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(15, Un 15, )(upv,) =

(Ig, Un Ig, )(uavo) =

(15 U 10N (ugv,) =

(15" Un 15 )ugvp) =

(Fs, Uy Feg,")uavy) =

(Fs, Un Fg, )upv,) =

(ForUn FED(Uyv,) =

(FHF;_ Un FHPZ_)(Usz) =

P+ ;
lg," (UpVs), JAf UV, €V — Vs
15F (u,Vsy) if UV, eV, —Vv.
B, \U2V2), AUV €Vo =V
rmax{ 15+ (UoV,), 157 (U,V,)} if UV, e B NE
B, \U2V2),lg, (UaVo )y 1T UpVo e Byl 1E,
P— -
I, (Uvy), Jf UV, eV —V,
P— -
I, (Uvy), Af Uovy eVy =y
- P— P— -
rmin{ 1g"(UpV2), I, (UaV2)} if UV, € B1NE,

P+

I“l (U2V2), ,|f u2V2 eVl —V2
P+ ;
I, (UoVo), Af UV, eVy =y

maX{ IE;_ (U2V2), IE;— (U2V2)} ,|f U2V2 S El ﬂ E2

IEJ__(UZVZ)’ ,|f u2V2 EVl—VZ
P— -
I, (UaVa), Jf UV, evy —vy

mind 177 (Uava), 15 (Ugva)} if upvy € By NE,

FBFlJr (U2V2), ,|f U2V2 EVl —V2
FBP2+ (UZVZ)’ ,|f U2V2 EVZ _Vl

r mln{ FBF1+ (UZVZ)’ FBP2+ (U2V2)} ,|f u2V2 S El ﬂ E2

FBF;_ (U2V2), y |f u2V2 S Vl —V2
FBPZ_ (U2V2), y |f u2V2 S V2 _Vl

P -
F, ' (Upv), Jif Uyvy e vy — vy

P -
F, (Upv), Jif UV, vy -V
mind F.o " (upv,), Fro o (upvp)} Lif upv, € EjNE,

sz_ (U2V2), ,|f u2V2 S Vl —V2

Fr(uyvy), Jf UyVy €Vy —Vy

maX{ F}E__ (U2V2), FMPZ_ (U2V2)} ,|f u2V2 S El ﬂ E2
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Example 4.2.13: Let us consider the two bipolar spherical neutrosophic cubic
graphs as G; =(P,Q) and G, =(P,,Q,)

a,([0.3,0.4],0.7),([0.7,0.5],0.2), ([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 _| [0(020.6]08).(10406].03),([0.708]04)

Lo {([—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), ([0.6,0.71,0.4),
{([—0.4,—0.2],—0.9),([—0.1,—0.2],—0.9),([—0.8,—0.5],—0.1)}

([ ~0.4,-0.2],-0.9), ([~0.1,-0.2],-0.9), ([-0.8,~0.7],~0.1)

bc([0205]08)([0403]07)([0708]04)
([ ~0.4,-0.2],-0.9), ([-0.1,-0.2],~0.9), ([~0.8,0.9],~0.1)

([09 ~0.4],-0.2), ([-0.7,~0.4],-0.3), ([-0.1,-0.4],-0.6)

c([0204]08)([0204]03)([0305]03)
([02 ~0.5],-0.4), ([-0.7,~0.4],~0.5), ([0.5,~0.4], 03)}

ab([0204]08)([0405]03)([0908]03)
[05 -0.2],-0.6), ([~0.3,~0.5],~0.2), (0.4, 09],—0.3)}
ac([0304]07)([0703]07)([0907]03) }
b([0504]03)([0305]06)([0705]03) }>

ab([0504]03)([0205]08)([0705]03)
([09 -0.4],-0.2), ([-0.6,-0.3],-0.3), ([-0.3,~0.7], 06)}

ac([0204]08)([0204]08)([0305]03)
([02 ~0.5],-0.4), ([~0.6,-0.3],-0.5), ([~0.5,~0.7], 03)}

bc([0204]08)([0204]06)([0705]03)
([oz ~0.4],-0.4), ([~0.7,~0.4],~0.5), ([-0.5,~0.4],~0.3)

a([0507]03)([0207]08)([0204]03)
([09 -0.8],-0.1), ([~0.6,-0.3],-0.2), ([~0.3,0.7], 08)}

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

follows:
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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)
{b,([0.5,0.6],0.8),([0.4,0.6],0.6),([0.7,0.8],0.4), }
PU P, =

(1-0.9,-0.8],-0.6), ([~0.7,~0.5],-0.3), ([~0.4,-0.9],—0.6)
QUM Q, = <{

a,([0.7,0.5],0.8), ([0.8,0.4],0.7), ([0.6,0.7],0.4),
([~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)
([-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, Uy 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)
{b,([0.5,0.6],0.3), ([0.4,0.6],0.3), ([0.7,0.8],0.3), }
P]_U N P2 =

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

ac, ([0.3,0.41,0.7), ([0.7,0.4],0.7), ([0.9.0.71,0.3),
ANQ2 = {([—0.4,—0.5],—0.4),([—0.6,—0.3],—0.5),([—0.8,—0.7],—0.1)}
bc, ([0.2,0.51,0.8), ([0.4,0.41,0.6), ([0.7,0.81,0.3),
{([—0.4,—0.4],_0.4), ([-0.7,-0.4],-0.5), ([—0.8,—0.9],—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)
Theorem 4.2.14: The M-union and N-union of the two bipolar spherical

neutrosophic cubic graphs is again an bipolar spherical neutrosophic cubic
graph.

94



Definition 4.2.15: Let G, =(R,Q,) and G, =(P,,Q,) be two bipolar spherical

neutrosophic cubic graphs of the graphs G, and G, respectively, then M-join

is denoted by G; +); G, and is defined as follows:

Gi+m Gy =(R, Q)+ (P2, Q) =(R +ym P, Qp +y Q2)

<((r/§++M TR M+ TEON R+ VR AT+ IO (FAY +m FADL (R 40 FD)
T8 +m TA DM+ TR+ a5 +m BD(FA +m Fa ) (FE +m FE)
<((TBF;*+M e, (T TN (R +m 1) (15 +m 1o ) (Fg " +m Fe, ) (R ™ +m Fio D)
((Te, +n Ta WL +m T N (g +w e, ) (8 +m Lo ). (F +m Fa, )1 (Fo+m FLO))

where

@) if uev,Uv,
(T w1 Tay YW = (T Uni TADW (5 +w T )W = (1 Un T5)(W)
(T w1 Ty YW =T Una Ta LTS W = (05 Un T

(1R =+ 12,0 = (1 Una 12,0 (15 1)) = (15 Una 1))

(A +m 12, W) =(15 Un 12,00, (157w 1)) =07 U 17,)()
(Fa,"+u Fa, )0 =(F4, " Un FR, ). (R +w B = (RS Un B )W)
(Fa +m Fo )W) =(F5 Uy FLO)W).(F. +y B2 =(F. Un F2)W)

(") |f uv e E]_U E2
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(g, " +m1 T, )W) =(Tg, " Una T, YU, (T e T D) = (" U T (W)
(Te, +m TBP‘)(uv)=<TB Un T, YWV, (T +y T, )(uv>=<T$‘UMT “)(uv)
(I, +m e)) =157 Uy 15, (157 15)W) = (10 Uy 105)(uv)
(I +m 15 )W) =(1g Uy 15 )W), (15 +y 157)(v) = (1" Upy 157)(wv)
(Fg, " +m Fa, () =(Fg " Uy Fa,NW), (Fo +y FLOW) =(Fi Uy FL (W)

(Fs, +m Fg, )W) =(Fg,” Uy Fg, JW).(FL +v R @) =Ry Un Ry )W)
(i) if uv e E*,where E’is the set of all edges joining the vertices of v; &v,.

(Tg," +m T, ) =rmin{ To W), To (WH 0T+ Tohv) =mid TP (), 7,07 W)}
(Tg, +m Tg, D) =rmax To~ (), Ta (W} T+ T ) =ma T2~ (), T, (v}
(I8 +y 1g))(uv) =rming 13% ), 1R (W5 +MIP+)(uv) ming 1;7* (u), 15" (v)}
(15 +w 1, () =rmex{ 1A~ (), Lo (F (15 +y 15 )(uv) =mex{ 15 (), 17~ (v)}

(Fg," +m Fa, )uv) =rmin{ Fr " (u),FAT (W} (FET +y FO D)) =min{ £ (), FY T (v)}
(Fg, +m F52 Y(uv) = rmax{ FA1 (u), FA2 W} (FF W t™ F , )(uv) = mex{ FM (u), FX2 )}

Definition 4.2.16: Let G, =(R,Q,) and G, =(P,,Q,) be two bipolar spherical

neutrosophic cubic graphs of the graphs G; and G, respectively, then N-join

is denoted by G; + G, and is defined as follows:

G+ Gy =(PLQ) +n (P, Q) =(R +n P, Q +n Q2)

<«T§*+NTAZ*>,G{;*+N TR 8 VR AL+ LN (FE T +n FATDL(FL T +8 FET))
@A+ TAD) @+ T A +n A U8 +0 15 ) (FE +8 FR (R 8 FD)
<«T§l++N T, ) (T +n T (g 4 18, ) (T 1) (F8 ™+ e, ) (Rt +n FE 1))
(Te, +nTo, )Tl +n ToON (g +n 18, ) (5 +n 1o D (Fg +n Fa, ) (Rl +n FL )

where
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(l) |f u EV]_ UV2

(T 1 T (W) = T4 Un TR 5+ T4 =5 Uy T5)(W)
(T +n T )W =T Un T D). (T v T, D) =T Un T (W)

(A" +n T = (AT Uy TANW), (5T +y 1)) = (5 Uy 155 (W)
(1A T D) = (1 Un 1A, W) 07+ 12, = (17 Uy 1))

(" P& =(F " Uy PR (RGBS = (R Uy FSHW)

(Fay +n Fa, )W) =(F4 " Un F&, D). (R +n B = (R Uy FS W)

(i) if uv e E,UE,

(Tg, " +n T, )W) =(Tg, " Un T, (W), (T "+ T ) = (T Un T )W)
(s, +n Te, YY) =(Tg, Un Tg JuW). (T, +n T, )W) = (g™ Un T ()
(15, +n 18, = (15 Uy 1)), (1 +n 15,)W) = (1 Un 1, )W)
(15 +n 16, )W) =(I5 Uy Tg, )W), (1 +n 1 ) = (e Uy 15,)(W)

(Fg, +n Fg, )W) =(Fg, " Un Fg, )W), (R "+ Fi, ) = (R U R (W)

(F&, +n Fa, )W) =(Fg~ Uy Fg, )W), (R +y REW) = (R~ Uy RS (W)

(iii) if uve E*,where Eis the set of all edges joining the vertices of v; &v,.

(Tg, " +n Ta, ) =rmind T (), TR (WL TLT +y T )W) = mexd T, ), T ()}
(g, +n Te, W) =rmed To (). Tx, Wh(T "+ Ty, M) =mind T ()T, (4}
(I +y 150 =rmind TR ), AR 03 (0 +y 100 v) =mex{ 17F ), 17" (v)}
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(15 +y 15, )(uv)—rrrax{lAl(u)lAz WE S+ 1)) =min{ 17~ (), 15~ (v)}
(Fg," +n Fa, )(uv) =rmin{ FA™(u),Fz (v)},<F:;++N ) uv) =max{ B2 (), R ()}
(Fg, +n Fa, Juv)=rmax{ FZ~(u),Fa M} (FL +y FPO) W) =mid B~ ), R (v}

Theorem 4.2.17: The M-join and N-join of two bipolar spherical
neutrosophic cubic graphs is again an bipolar spherical neutrosophic cubic

graph.

4.3 Applications of Bipolar spherical Neutrosophic
Cubic Graphs

In this section, the real life applications of bipolar spherical neutrosophic

cubic graph are presented.

Example 4.3.1: Let us consider three factors that influence the e-learning

effectiveness represented by the vertex set v ={x,y,z}. And let the truth-

value denotes the e-learning material, the indeterminacy-value denotes the
quality of web learning platform, the false-value denotes the e-learning course
flexibility.

Let the vertex is given as follows:

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

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

Z,([0.1,0.8],0.4), ([0.5,0.7],0.2), ([0.9,0.3],0.4),
([-0.8,-0.4],-0.2), ([-0.4,~0.3],~0.7), ([~0.7,~0.2],~0.5)
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where the interval-valued membership indicates the effectiveness of an e-
learning system at present and the fixed single-valued membership indicates
the possibility of effectiveness of an e-learning system. So on the basis of the
vertex set P we get the edge set Q defined as follows:

([-0.2,-0.7],-0.4), ([-0.4,-0.4],—0.2), ([-0.6,-0.5],-0.3)
o- {xz,([0.1,0.2],0.4),([0.5,0.3],0.4),([0.9,0.5],0.4), }
([-0.4,-0.4],-0.2), [-0.4,-0.3],-0.7), ([-0.7,-0.2],-0.5)
{YZ,([O.l,O.l],0.6),([0.5,0.1],0.8), ([0.9,0.6],0.4), }
([-0.2,-0.4],-0.4), ([-0.4,—0.3],-0.7), ([-0.7,-0.5],-0.3)

{XY,([O.?,O.l],O.G),([0.5,0.1],0.8),([0.7,0.6],0.6), }

Finally, we see that the effectiveness of an e-learning with other factors.

order (6) - {([1.6,1.1],1.3),([1.9,1.1],1.4),([2.1,1.4],1.7), }
([=1.4,-2.0],-0.8), ([~1.6-1.3],~1.0), ([~1.8—0.8],—1.5)
deg(X) = {([0.7,0.3],2.2),([1.2,1.7],1.8),([1.5,2.1],0.3), }
(=1.7,-1.3],-1.5), ([-1.5—0.6],-1.1), ([-2.5~2],-0.3)
oty [ 00.7.091.2.4),[1.1512.), (.6,21,09),
e00Y) = ([L1.4-1.17-0.9). (1.7,-0.8],-1.1), ([-2.5-2],-0.7)
oo 2) {([0.3,0.7],2),([0.6,0.9],1.9), ([L.8.2.1].1), }
(=1.7,-1.3],-0.9), ([~1.7,-0.8]-1.2). ([-2.7,-2],-0.8)

The order of G represents the overall effectiveness of an e-learning. Degree
of X represents the combination of the e-learning material and quality of web
learning platform, degree of Y represents the e-learning material and e-
learning course flexibility and degree of Z represents the quality of web

learning platform and e-learning course flexibility.
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XY XZ

Y- YZ 7
Fig. 4.6: The vertex set in P and the edge set in Q are represented for the
graph G=(P,Q)

Example 4.3.2: Let us consider the construction company and we evaluate
the overall performance of the company. The important criteria considered
are strong structure, having own skilled crew, innovative designs, high-quality
materials and competitive pricing. The above said criteria are taken in the
form of single-valued to represent present type and in the form of interval-
valued on future.

A,([0.7,0.6],0.4), ([0.9,0.5],0.8), ([0.7,0.8],0.6),
{([—0.4,—0.9],—0.2), ([~0.8,~0.7],-0.4), ([—0.5,—0.9],—0.1)}

B, ([0.6,0.5],0.7), ([0.7,0.5],0.3), ([0.9,0.3],0.7),
{([—0.8,—0.6],—0.1), ([~0.5,~0.6],-0.7), ([—0.2,—0.6],—0.8)}
o_ {C,([0.1,0.7],0.6),([0.7,0.8],0.1),([0.2,0.5],0.9), }
([-0.5,-0.7],~0.9), ([~0.7,~0.4],-0.9), ([-0.5,-0.8],-0.9)

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

E, ([0.8,0.4],0.5), ([0.6,0.7],0.6), ([0.6,0.7],0.4),
{([—0.6,—0.7],—0.8), ([~0.8,-0.6],~0.4), ([—0.9,—0.5],—0.3)}
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AB, ([0.6,0.5],0.7), ([0.7,0.5],0.8), ([0.9,0.8],0.6),
([~0.4,~0.6],-0.2), ([~0.5,~0.6],~0.7), ([~0.5,-0.9],-0.1)

AC, ([0.1,0.6],0.6), ([0.7,0.5],0.8), ([0.7,0.8],0.6),
{([ 0.4,-0.7],-0.9), ([-0.7,-0.4],-0.9), ([-0.5,0.9], 01)}
AD, ([0.6,0.6],0.4), ([0.5,0.5],0.8), ([0.7,0.8],0.6),
{([04 —0.5],-0.2), ([-0.7,—0.7],-0.7), ([0.5,—0.9], 01)}
AE, ([0.7,0.4],0.5), ([0.6,0.5],0.8), ([0.7,0.8],0.4),
{([ 0.4,-0.7],-0.8), ([—0.8,—0.6],—0.4), ([0.9,—0.9], 01)}
BC, ([0.1,0.5],0.7),([0.7,0.5],0.3), ([0.9,0.5],0.7),
{([ 0.5,-0.6],-0.9), ([-0.5,—0.4],-0.9), ([-0.5,~0.8], 08)}
BD, ([0.6,0.5],0.7), ([0.5,0.5],0.4), ([0.9,0.8],0.7),
{([ 0.8,-0.5],-0.2), ([-0.5,~0.6],~0.7), ([-0.4,~0.6], 05)}
BE, ([0.6,0.4],0.7), ([0.6,0.5],0.6), ([0.9,0.7],0.4),
{([ 0.6,-0.6],—0.8), ([-0.5,—0.6],—0.7), ([-0.9,—0.6], 03)}
CD, ([0.1,0.71,0.6), ([0.5,0.8],0.4), ([0.3,0.8],0.9),
{([ 0.5,-0.5],-0.9), ([~0.7,—0.4],-0.9), ([-0.5,~0.8], 05)}
CE, ([0.1,0.4],0.6), ([0.6,0.7],0.6), ([0.6,0.7],0.4),
{([ 0.5,-0.7],-0.9), ([-0.7,~0.4],—0.9), ([-0.9,-0.8], 03)}

DE, ([0.6,0.4],0.5), ([0.5,0.7],0.6), ([0.6,0.8],0.4),
([~0.6,~0.5],-0.8), ([-0.7,~0.6],~0.7), ([~0.9,~0.5],~0.3)

AB, ([0.6,0.5],0.7), ([0.7,0.5],0.8), ([0.9,0.8],0.6),

where the edge {
([-0.4,-0.6],—0.2), ([-0.5,-0.6],—0.7), ([-0.5,—0.9],—0.1)

} denotes

the combined effect of strong structure and company having own skilled crew.
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AE AB

DE BC

D CD &

Fig. 4.7: The vertex set in P and the edge set in Q are represented for the
graph G=(P,Q)
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