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A STUDY ON OPERATIONS OF BIPOLAR NEUTROSOPHIC
CUBIC FUZZY GRAPHS

M. VIJAYA AND K. KALATYARASAN

ABSTRACT. In this paper we introduce the idea of bipolar neutrosophic cu-
bic fuzzy graphs. We discuss fundamental binary operations like Cartesian
product, composition of bipolar neutrosophic cubic fuzzy graphs. We provide
some results related with bipolar neutrosophic cubic fuzzy graphs.

1. Introduction

In 1975 Rosenfeld [10] introduced fuzzy graphs based on fuzzy set.Fuzzy graph
theory plays essential roles in various discipines including information theory, neu-
ral networks,clustering problems and control theory,etc.Fuzzy models is more com-
patiable to the systemin compare with classical mode.Bhattacharya [5] gave some
remarks on fuzzy graphs.Some operations on fuzzy graphs were introduced by
mordeson and peng [7]. Akram et al. has introduced several new concepts in-
cluding bipolar fuzzy graphs,regular bipolar fuzzy graphs, irregular bipolar fuzzy
graphs etc. In this paper, we present certain operations on bipolar fuzzy graphs
structures and investigate some of their properties.

2. Basic Definitions

Definition 2.1. Let X be a space of points with generic elements in X denoted
by x. A neutrosophic fuzzy set A is characterized by truth-membership function
par (z), an indeterminacy-membership function Asr(x) a falsity — membership
function yap(z).

For each point z in X par (z), ar(z),var (z) € [0,1]. A neutrosophic fuzzy
set A can be written as

A={<z:par (), a1 (x),7aF (z) >,z € X}

Definition 2.2. Let X be a space of points with generic elements in X denoted
by x. A neutrosophic cubic fuzzy set in X is a pair G = (M, N) where M =
{<z:pyr (@), A1 (x) ,ymr () >, 2 € X}is an interval neutrosophic fuzzy set
in X and N ={< z: pnr (x), AN (2),7vF (x) >,z € X} is a neutrosophic fuzzy
set in X.

Definition 2.3. Let G* = (V, E) be a fuzzy graph. By neutrosophic cubic fuzzy
graph of G*, we mean a pair G = (M, N) where

M = (A,B) = ((par, wBT) , (Aa1, ABI) s (YAF, YBF))
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is the neutrosophic cubic fuzzy set representation of vertex set Vand N = (C, D) =
((wer, o), Aer, Apr) , (Yver,ypr)) is the neutrosophic cubic fuzzy set represen-
tation of edge set E such that

(i) (urc (zay:) < rmin{par (), par (i)}, por (2iy:) < max{ppr (2:) , per (Yi)})
(i) (Aro (ziyi) < rmin{Aar (%), Aar (yi)}, Apr (wiyi) < max{Apr (w:), A1 (vi)})
(iii) (yre (ziyi) < rmin{yar (i), var (i)}, voF (viyi) < max{ypr (z:),v8F (¥i)})-

3. Bipolar Neutrosophic Cubic Fuzzy Graphs (BNCFQG)

Definition 3.1. Let X be a space of points with generic elements in X denoted by
x. A Bipolar neutrosophic cubic fuzzy set in X is a pair G = ((MP, NP) , (MN, NN))
is defined as

MP = {<a s 1y (@) Ay (@) 7 (0) > o € X)
MY = {< 2V i (@), A (@) 7 p (2) > J2 € X)

is an interval neutrosophic fuzzy set in X and

NP ={<z": pnr (), Ay; (@), 73 (2) > /2 € X}
NY ={<a™: uiir (), A () ;9N (2) > /2 € X}

is a neutrosophic fuzzy set in X, where uf, (z), A\, (x), 74 (x) — [0,1] and
MJ\N/[T (:L‘) ) )‘]]&I (CC) ”YJJC[[F (m) - [_170] :

Definition 3.2. Let G* = (V, E) be a fuzzy graph. By a Bipolar neutrosophic
cubic fuzzy graph of G*. We mean a pair G = ((MP,NP) , (MN,NN)) where

MP = (A’B) = ((:u’iTvugT) ) ()‘ilvAgl) ) (’Yf:Fa/ygF))
MN = (Aa B) = ((N%TaMgT) s ()‘gh/\g[) ) (PYIIﬁlVFa’VgF))

is the neutrosophic cubic fuzzy set representation of vertex set V and

NP = (C7D) = ((:u’gTa,u]DDT) ’ ()‘gb/\gl) ) (75F775F))
NN = (C,D) = ((NgTa /U‘gT) ) ()‘gb )\gl) ) (’YgF»’YgF))

is the neutrosophic cubic fuzzy set representation of edge set Esuch that

() (nfc (ways) < rmin{plip (), wlir (9) }o wpr (wiys) < max {ugr (v:), wpr (vi) })
(nrc (ziys) = rmax {phy (2:) , wiiz (v0) } upr (@iys) > min {pgy (), pEr (vi)})
(i) (Mo (ziys) < rmax {Np (2:), Ay (i)} ADr (@iys) < min {\G; (2:), AGr (i) })
(Ao (wiyi) > rmax {AN () , AN (i) }, A (wayi) > min {5, (), A5y (3:)})
(i) (vpie (iys) < rmax {v5p (1) . vhp (W)}, 75 p (@) < min{vEp (2:) 7R (v1)})

(VJZL«“VC (ziyi) > rmax {’Y,JXF € a’y,]XF (yi)}»’YgF (z;yi) > min {'VgF (i) WgF (yz)})
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4. Operations of Two Bipolar Neutrosophic Cubic Fuzzy Graphs
Definition 4.1. Let G = ((Mlp, N1P) , (MlN, NlN)) be a bipolar neutrosophic
cubic fuzzy graph of G; = ((V{, ET) , (V{¥, EN)) and Go = ((Mx", N27), (MY, NoN))

be a bipolar neutrosophic cubic fuzzy graph of G35 = ((VQP, Ef) , (VQN, Eév)) The
Cartesian product of G; and G4 is denoted by

Gi x Gy = (((Mi" x MuT) (MY x ML), (N7 x NoT) L (NN x No™)))

:< EEAiBf) (AL, BY)) x (A3, BY) , (A, BY )),>

Cf’D{)) (CN DN)) ((C;’DP) (02 ’DN

((/?541 xT Az >ﬁTA1 ><TA3) (NTB1 xTBy> MTB1 ><T )

)‘fAl x A )‘frVAl xIAs )‘IBl xIBy> >\131 x132
((7§A1xFA2ﬁ§«YA1xFA2) (VFleFBzv“YFleFB2

((NTcl XxTCly? ,“Tc1 xTC: ) (MTD1 XTDa) . ,UTD1 ><TD )
)‘Icl xICqs >‘101><IC23 )\mlxmga /\1D1><ID2

((7501 X FCy> “YFCI XFCZ) ) (“YFD1 X FDay> 7FD1 xFD2
and is defined as follows
( ﬁiAl xT Ay (u,v) = P min (MTA (u ) /7TA2 (U)) ) )
HTBxTB, (u,v) = max (MTB (u), UTB (v )) ’
~N Zhy Ay
M%AleAZ (u,v) = rNmax (,UTA1 (u )N#TA2 ('U)) ) >
NTleTB2 (u,v) ( ))

)‘IA1><IA2 (u,v) = rPmin (/\IA1 (u), )‘IA2 (U)> )

XfleIBg (u,v) = max (XfBl (u) ’XIBz v >
(u,v) ))
(u,v)

<

(1)

<

min (HJTBI( u), HTp, \V

P
= r¥max ()\?[A (u), AN

(v)
. 4, (
)‘évlele u,v) = min ()‘?{B (u), )\%2 (U)>

V)

=7 max('yFAl( )ﬁz{ng (”))7 ,
) )

P
’YFA1 X F Ay
P

(u,v)
1§fzi§§:§ = 0 2

VFB1 x F By

<

u
U
U ™ min ('yFA Yra, (v
u,v max (7F31 (u), %YBQ (v
(/”LTCl xTCo ( U, ’U1) (u
/‘TcleC2 ( u,v1) (u,v2)) = rNmazx (ﬁTAl (u) aM¥CQ (v1v 2))
MTD «1p, ((U,01) (u,v2)) = maz (/7531 (u )aHTDZ V1V2 ) ) ) )
NTD1 <7D, (U, v1) (u,v2)) = min (/7%31 (u), MTDz U1U2)) )
Vv € Voand ujus € By

(Mo xrea (s 01) (u,v2)) = rPmin (M, (w), M, ( );

,v2)) = rPmin (ﬁ;Al (u) 7u502 (1)1’02)) )) ) 7

(Mo s (@ 01) (,02)) = r¥maz (XN, (u), 1%, (vros
(5) | (M rmy ((,01) (1, 02)) = min (X35, (), 33, <v1v2>) ).
Mpucip, ((wyvn) (uy02)) = maz (N, (W) Mp, (v102)) ).

Xﬁ\fDlxIDQ ((u,v1) (u,v2)) = min (XJIVBl (u), >‘ID2 U1U2 ) )
Vv € Voand ujus € By
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(Vrc, xro, (W 01) (u,v2)) = rPmax (£ 4, (w) e, (v102)) ),
" ( (e, (o )12 =i (§?A1< ). %}Zz 3 )
( ( FD1><FD ((u,v1) (u,v2)) = min (1531( W’FD2 Ul”2 )) )
’YFDleDg ((u,v1) (u,v2)) = max (VgBl( ’YFD2 V102 ))
Yo € Vo and ujus E E1
( (/chlec2 Ul v) (ug,v)) = r"min (NTc (uruz) MTA (v ) )
(7) Tclec2 “1 v) (uz, U)): Nmax (MTCl “1“2 4, (V)

( ruTD1><TD2 Ul v) (uz,v)) = max (MTD1 u1u2 MTB U))) )
ruTDleDg (u1,v) (u2,v)) = min (:“TD1 u1Us) MTB2 ))
)\Icl><ICQ Up, v (uQ,v)) = rPmin ()‘IC' U Ug) )\IA v ) )

@® )‘IC1><IC'2 u1,v) (ug,v)) = rNmax (/\IC (u1u2 (v)) )

IDl 1D, ((u1,0) (u2,v)) = max (X (u1uz) 1132 (v) )

(Alexu)z ((u1,v) (u2,v)) = min ()‘ID )‘frVBz v ) )

( (Vz{fcleCz uy,v) (uz,v)) = rPmax (’Yp]fcl “1U2 ’}’FA2 (U) )

@ |\ Ggerc (0] o) = rmin (i, (). 75, 0)
( (V£ Dy xrp, ((u1,v) (ug,v)) = min (Y p, (urus) 7F32 v)) ) )

(V5 Dy x D, (u1,0) (u2,v)) = max (Fip, (uru2),7ip, (v))
v (u,v) € (V1,V2 )
Example 4.2. Let G; = ((M1 , Ny ) (M NNy N)) be a bipolar neutrosophic
cubic fuzzy graph of G7 = (V4, E1) where vy = {u v,w}, E = {uv,vw,uw}

{u, ([0.1,0.1],0.4), ([0.3,0.4] ,0.2), ([0.5,0.6] ,0.1)}
Mt = < {v,([0.1,0.3],0.1), ([0.4,0.5] ,0.3), ([0.1,0.1],0.2)} >
{w, ([0.2,0.3],0.1), ([0.1,0.2] ,0.6) , ([0.3,0.5] ,0.2)}
{uv, ([0.1,0.1],0.4) , ([0.3,0.4] ,0.2) , ([0.5,0.6],0.1)}
NP ={ {vw,([0.1,0.3],0.1),([0.1,0.2] ,0.6), ([0.3,0.5],0.2)} >
{uw, ([0.2,0.3],0.1), ([0.1,0.2] ,0.6) , ([0.5,0.6] ,0.1)}
(

{v,([<0.1,-0.3],—0.1), (0.4, —0.5] , —0.3) , ([~0.1, —0.1] , —0.2)}

{u, ([~0.1,— 0.1],— 0.4), ([-0.3, =0.4] , —0.2) , ([~0.5, —0.6], —0.1)}
< {w, ([-0.2,-0.3],—0.1), ([-0.1, —0.2] , —0.6) , ([-0.3, —0.5] , —0.2)} >

{uv, ([-0.1,-0.1], — 0.4), ([-0.3,-0.4] , —0.2) , ([-0.5, —0.6] , —0.1)}
N =( {vw,([-0.1,-0.3],-0.1),([-0.1,-0.2], —0.6) , ([-0.3, —0.5] , — 0.2)} >
{uw, ([ 0.2,-0.3], —0. 1) ([-0.1,-0.2], —0.6) , ([~0.5, — 0.6], —0.1)}

and Gy = ( ) (M )) be a bipolar neutrosophic cubic fuzzy
graph of G5 = (Vg Eg) where V} z{ v,c} and Eo = {ab,bc, ac}
{a,([0.6,0.7],0.5),([0.1,0.3],0.4),([0.2,0.3] ,0.6) }
< {b,(]0.1,0.2],0.3), ([0.5,0.6],0.2), ([0.8,0.9] , 0.4)} >
{¢,([0.3,0.4] , 01) ([0.2,0.3],0.1),([0.5,0.6],0.3)}
{ab, ([0.1,0.2],0.5),([0.1,0.3],0.4),([0.8,0.9],0.4)}
N2P< {be, ([0.1,0.2],0.3), ([0.2,0.3] ,0.2) , ([0.8,0.9] ,0.3)} >
{ac, (]0.3,0.4],0.5), (]0.1,0.3] ,0.4) , ([0.5,0.6] ,0.3) }
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NoN =

g

(

0.2,-0.3],-0.2), ([~0.8,—0.9], —0.3)}

{a, ([—0.6 0 7],-0.5),(]-0.1,-0.3],—0.4) , ([~0.2, — 0.3], —0.6)}
{b,([-0 0.2],-0.3),([-0 06] -0.2),([-0.8,-0.9],—0.4)} >
(e, ([-0. 3 ~04],-0.1), ([0. 2 ~0.3],-0.1),(]-0.5,—0.6] , — 0.3)}

{ab, ([-0. 1 ~0.2],-0.5), ([-0.1,—0.3], —0.4) , ([~0.8,-0.9] , —0.4)} >

([=
{bc,(([ ~0.2],-0.3), (

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

then G x G is a bipolar neutrosophic cubic fuzzy graph of G} x G%, where
Vi x Vo ={(u,a), (u,b),(u,c), (v,a),(v,b),(v,c), (w,a), (w,b), (w,c)} and

foM§:<
M1N><M2N—<
foN§:<
NleNQN—<

{(u,a), ([0.1,0.1],0.5), (0.1,0.3],0.4) , ([0.5,0.6] ,0.1)}
{(w.b),(0.1,0.1],0.4) , ([0.3,0.4], 02) ([0.8,0.9], 01)}
{(u,¢),([0.1,0.1],0.6),([0.2,0.3],0.2), ([0.5,0.6] ,0.1)}

{(v,a),([0.1,0.3],0.5), ([0.1,0.3],0.4) , ([0.2,0.3] ,0.2)}

(0,0, ([0.1,02],0.3), ([0.4,0.5],0.3) , ([0.8,0.9] , 0.2)} >
{(v,¢),([0.1,0.3],0.1), ([0.2,0.3],0.3), ([0.5,0.6] , 0.2)}
{(w,a),([0.2,0.3],0.5),([0.1,0.2],0.6), ([0.3,0.5],0.2) }

{(w,b),([0.1,0.2], 03) ([0.1,0.2],0.6) , ([0.8,0.9] ,0.2)}
{(w,c),([0.2,0.3],0.1), ([0.1,0.2],0.6), ([0.5,0.6] ,0.2)}

{(u,a),(]-0.1,-0.1], —0.5) , (|—0.1, —0.3] , —0.4) , (|—0.5, —0.6] , — 0.1)}
{(u,b),([~0.1,— 0.1],—0.4) , (]—0.3, —0.4] , —0.2) , (|—0.8,—0.9] , — 0.1)}
{(u,c),([~0.1,-0.1],—0.6) , ([—0.2,—0.3] , —0.2) , ([~0.5, —0.6] , —0.1)}
{(v,a),(]-0.1,—0.3], —0.5) , ([~0.1, —0.3] , —0.4) , ([—0.2, —0.3] , —0.2)}
{(v,b),([-0.1,-0.2],—0.3), ([~0.4, —0.5], —0.3) , ([~ 08 09} ~0.2)} >
{(v,0),([-0.1,-0.3],-0.1),([-0.2,-0.3],=0.3) , ([-0.5, —0.6] , —0. 2)}
{(w,a),([~0.2,-0.3] ,—0.5) , ([~0.1,-0.2] , —0.6) , ([ 03 ~0.5],-0.2)}
{(w,b),([-0.1,-0.2],—0.3) , ([~0.1,—0.2], —0.6) , ([0.8, —0.9] , 0. 2)}
{(w,0),([-0.2,-0.3],-0.1), ([-0.1,-0.2], =0.6) , ([-0.5, — 0.6], —0.2)}
{((u,a), (u, b)), ([0.1,0.1],0.5) , ([0.1,0.3] , 0.4) , ([0.8,0.9], 01)}

{((u,b), (u,c)),([0.1,0.1],0.4) , ([0.2,0.3], 02) ([0.8,0.9],0.1)}
{((uw,a),(v,¢)),(]0.1,0.1],0.4), ([0.1,0.3] ,0.4) , ([0.5,0.6] , 02)}
{((v,0),(v,0)), ([0-1,03],0.5), (0.1,0.3] ,04), ([0.5,0.6],0.2)}

{((v,a), (v,0)), ([0.1,0.2], 05) ([0.1,0.3],0.4), ([0.8,0.9],0.2)} >

{((v,b), (w,d)),([0.1,0.2],0.3),([0.1,0.2],0.6), ([0.8,0.9] , 02)}

{((w,5) (w, <)) (10.1,0.2],0.3) , ([0.1,0.2],0.6) , ([0.5,0.9],0.2)}

{((w,a), (w,c)),(]0.2,0.3],0.5),([0.1,0.2] ,0.6) , ([0.5, 0.6] , 02)}

{((u,ab), (w,a)),([0.1,0.1],0.5),([0.1,0.2],0.6) , ([0.5,0.6],0.1) }

{((u,a), (u,b)), (]=0.1,—0.1] , —0.5) , ([—0.1, —0.3] , —0.4) , ([—0.8, —0.9], —0.1)}
{((w,b), (u, ), ([~0.1,—0.1] , —0.4) , ([~0.2, —0.3], —0.2) , (|~0.8, —0.9], —0.1)}
{((uva)7(v7c))a([ 0.1, -0. 1]7_04)a([_0‘17_0‘3]7_0*4)a([ 0‘57_0‘6]7_0‘2)}
{((v,a), (v,)), ([~0.1,—0.3], ~0.5) , ([~0.1, —0.3], —0.4) , ([—0.5, —0.6], —0.2)}
{((v,a), (v,b)), ([~0.1,-0.2],—0.5) , ([~0.1,—0.3], —0.4) , (~0.8, —0.9], —0.2)}
{((v,b), (w,b)), ([—0.1,-0.2], —0.3) , ([~0.1, —0.2] , —0.6) , (0.8, —0.9] , —0.2)}
{((,0) (w,)) , ([=0.1,~0.2] ,—0.3) , ([=0.1,—0.2] , —0.6) , (|—0.8, —0.9] , —0.2)}
{((w,a), (w, ), ([-0.2,—0.3], —0.5), (|~0.1, —0.2] , —0.6) , ([~0.5, —0.6] , —0.2)}
{((u,ab) , (w,a)), ([-0.1,— 0.1],—0.5), ([—0.1,—0.2], —0.6) , ([~0.5, —0.6] , —0.1)}

Definition 4.3. Let G = ((Mlp, N1P) , (MlN, NlN)) be a bipolar neutrosophic
cubic fuzzy graph of G = (Vi, E1) and Go = ((M2"7, N27), (M2, N2™)) be a
Bipolar neutrosophic cubic fuzzy graph of G5 = (V, E2). Then composition of G
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and Gs is denoted by G1[G2] and defined as follows

(67, N7), (MY, N Y)) [(Me7, N2") (M, N> )]
(Ml 7M1 ) [M2 7M2 ] (N1P7N1N) [NQPvNQN]}

i EEA?AN) Bf,BN)))[[((A?AéV)7(B§,Bév))] }

Cl aDN Cl aDN) ((C§7Dév )7(C§7Dév)):|
(A7, AY) &Ag,AN]],(B{’,B{V){Bf’BéV] }

c{’,cN cf o), (pr, DY), [Df, DY

((NTAlaNTAl) (MTAgvp‘TA ) ) :uTBlhuTBl) © MTBQ’MTBQ)) )

< ()‘}DA v>\IA °© (AIA 7)‘§VA?) ((AfB 7)‘JIVBl) ° ()‘fBQ’ )‘%2))
(’YFAN’YF,ax1 © ('YFAQa’YFA ) ((’YFBla”YFBl) (’YFBQa’YFBQ)
ﬂTcla:“Tcl) °© ﬂTczaﬂTc ) o :LLTDghLLTDg )
).

( )
( ) ( MTD1 ) MTD1 )
< ((( 20(% M;)) (((AfD B ) o (Vo 300 )

(’chla’Ychl (’YFCQa 7FC2 YFDy> 'VFDl ('YFDQ’ 7FDz))

(ﬁTA1 O/igAQ) (u”, ") = TPmIHN(MTA (u )~7 figa, (V7))
(if's, © i) (u"0") = max (g, (u) ik, (v7))
(', © Fig'a,) (u?, o) =7 max ({14, (u N)’/”LTAz (™))
(s, © i7p,) (w,v™) = min (@7, ("), i7g, (vV))

AP, oAP, ) = rPmin (A4, (u7) A5, (07)) |

u? wP) = max (M, (uF) A, (v7))
o) = rVmax (X, (@), 2, ()
)

= min (X, (u"), A3, ()

NP NP
AIB, ©AIB,
NN N
>‘IA1 ° /\IA2

NN NN
ATB, ©ATB,

(3, 07F0,) (707) = rPmax (3F, (7) 3E, (7))
(ZFBI °© Z%Bz) (UN’UN> = mllvn (VFBIN(“ ) 7]\?FBQ (v ))N
(ZFAloZFA2) (U U =r HllIi r}/FAl u )\"/YFAQ (U )) ’
(7FBl ° 7?32) (“va = max (Yrp, (“N) » YFB, (v™))

(w01 ”) (u”,02")) = rPmin (g, (u”),ife, (v7v3))
» V2 )) = max (#TD1 ut ), frp, (V15

N aUQN)) = TNma’X ﬁTCl U aﬁ¥02 (U{Vvév)) )
(0 %) (¥ 02)) = i (7, (V) i, (o 03))
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Mey oMz, ) (uF 017 (u?,02")) = rPmin (N, (uP) Mo, (0F0]))
Mo, 0Mp, ) (uF017) (u”0")) = max (M, (), 3, (vf'0]) )
X, 0302, ) (Y, 00%) (¥, 0™)) = rVmax (W%, (uV) MG, (ood)) |
AN o Vo V) (N, 0oN)) = min (M, (@), M, (v ed))
P

) ) s i, 0 5Fe, GE4E)),

(up,vlp) (uP,vgp) = min (%I?Dl (uP) ﬁ}IZDNQ (Ufuf )
T, © Tre,) (u ) (u?,ve?)) = r¥min (Y56, (uV) ,37e, (v1'v3))

(1%, 00%) (w2, 0s)) = max (7, () 32, (o} 0l
)

("))
v?)) = rmin ()\fcl (ulud) AL, (UP)) ’
P)) = max (M, (ufuf) Xy, (o))
(1 0)) = rmase (W, () 3, ()
) = min (M, (uud) 35, (o))

(U1P7 P) (Uzpvvp)) = rPmax ﬁ?cl (ufuf) 755142 (UP>> ]
) Pz) }

2
Q
o
>
3
M
N——"
—~
<
kS
v
<
&
N~—
&
[\S]
N

—
<
=
Lo
<
v
—
<
N
b
<

min (%EDJ (ufug) ,%I;Bg (v
7 min (Wgc (“{VUQ’) W?A
™, oN) (up,v)) = max (33, (ulud ), F2p, (V)

0, 0) (", 07)) = rPmin (Mo, (uf'uf) s, (7)) |

(uz®,v")) = max (XfDl (uful) N5, (0F

2

<

~—
N——

= rVmax (MG, (ud'ud) A, (o)) |
N

)
ur™, o) (ue™,v")) = min (X}VDI (ulNud) ANy, (v

(e, 0 7he) v ) = rPmax (e, (ufub) A4, (V7)) |
(32, ©7Epy) (w1 ™07 (us” 7)) = min (35, (uPul),FEp, (7))
(They 0 Tres) (™, 0V) (™, 0N)) = rVmin (3o, (uud) 5, (o)) |
(T, 0700, (™, o) (ws™,0)) = max (F8p, (ulud ) 785, (V)

V((uf,of) (ud,of), (b, o) (u),v))) € E° — E

—
S
=V
<

e, o e, ) (Wl of) (uf o)) = rPmin (7, () i, (F) e, Wfuf) ),

7 p, © ﬁTPD2> ( i) 3)) = max (ﬁ}T)B2 (01?), ifp, (v27) . i p, (“f“g))

e, 0 1o, ) (o) (ud',vd)) = r¥max (@, () iy, (02V) e, (ulud)) .
) (

(¥, o) (ud),v8)) = min (@, (1) i, (v2N) D, ()

—
<
Ny
<
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(Wf,of) (uf,of)) =rPmin (X, (017) Ay, (27) Mg, (uff))

(uf o) (uf ) = max (M, (017) 3, (227) A, (ufué’))
(o) (', vd)) = rNmax (XY, (1) Ay, (02) NG, (ulVud)) |
(o) (', vd)) = min (X, (017) A, (v2V) X, (ulVud))

(Wl of) (uf o)) = rPmax (FEa, (1 F) FEa, (27) Fpg, @) .
P) (wf,vf)) = min (75, (17) FEp, (v2F) 7y, (uluf))
(o) (', od)) = vV min (5N, (01V) TR, (027) Ty, (@lud))

)

~ ~ ~ ~ ~N
(7, 078, ) (@ o) (¥, 0})) = max (2, (01¥) 3, () 75, (udud)

Example 4.4. Let G7 = (V4, Eq) and G5 = (Va, E3) be two fuzzy graphs, where
Vi = (u,v) and Vo = (x,y). Suppose M; and M; be the bipolar neutrosophic fuzzy
cubic set representations of V; and V5. Also N7 and N5 be the bipolar neutrosophic
fuzzy cubic set representations of F; and Fs and defined as

AP < {u, ([0.4,0.5],0.1),([0.1,0.1],0.4) , ([0.7,0.8] ,0.2)} >
! {v,([0.3,0.4],0.2),([0.1,0.2] ,0.1), ([0.4,0.5] ,0.5)}
AN < {u, ([~0.4,-0.5], —0.1), ([-0.1,-0.1], — 0.4), ([-0.7, —0.8] , —0.2)} >
! {v,([-0.3,-0.4], —0.2) , ([-0.1, — 0.2], =0.1) , ([-0.4, —0.5] , —0.5)}
NP = { {uv,([0.3,0.4],0.2),([0.1,0.1],0.4) , ([0.7,0.8] ,0.2)} )
NV = { {w,([-0.3,-0.4],-0.2), ([-0.1,—0.1] , — 0.4), ([-0.7,—0.8] , —0.2)} )
and
AL {z,([0.5,0.6],0.3), ([0.7,0.8],0.7), ([0.1,0.1] ,0.5)}
2 < {y,([0.2,0.3],0.6), ([0.5,0.6] ,0.4) , ([0.8,0.9] ,0.8)} >
ALY {z,([~0.5,-0.6],—0.3) , ([-0.7, —0.8] , — 0.7) , ([~0.7, —0.8], —0 2)}
2 < {y,([-0.2,-0.3],—0.6) , ([-0.5, — 0.6], —0.4) , ([~0.8,—0.9], —0.8)} >
NP = { {=y,([0.2,0.3],0.6), ((0.5,0.6],0.7), ([0.8,0.9],0.5)} )
NN = ( {zy,([~0.2,-0.3],-0.6), ([-0.5,-0.6], —0.7), ([-0.8,-0.9] , —0.5)} )

Clearly Gl = ((Mlp,Nlp) s (MlN,NlN)) and G2 = ((MQP,NQP) s (MQN,NQN))
are bipolar neutrosophic cubic fuzzy graphs. So, the composition of two bipolar
neutrosophic cubic fuzzy graphs G; and G5 is again a bipolar neutrosophic cubic
fuzzy graph, where

{(u,x),(]0.4,0.5],0.3), ([0.1,0.1],0.7), ([0.7,0.8] 02)}
Vis [MP] _< {(u,y),([0.2,0.3],0.6),([0.1,0.1],0.4), ([0.8,0.9],0.2) }

1 2 {(v,z),(]0.3,0.4], 03),([01,02],07),([0405] 05)}
{(v,9),([0.2,0.3],0.6), ([0.1,0.2],0.4) , ([0.8,0.9],,0.5) }
{(u,x),([-0.4,-0.5],—0.3), ([-0.1, 0 1],-0.7),([-0.7,—0.8], —0.2)}

N [MN] :< {(u,y),([-0.2,-0.3], —0.6), ([-0.1, —0.1] —0 4),([-0.8,-0.9],-0.2)}

! 2 {(v,z),(]-0.3,-0.4], —0.3) , ([-0.1, 02] 0.7),([-0.4,-0.5],—0.5)}

{(v,y),(]-0.2,-0.3],—0.6), ([-0.1,—0.2] , —0. 4),([—0.8, —0.9],-0.5)}

200



A STUDY ON OPERATIONS OF BIPOLAR NEUTROSOPHIC CUBIC FUZZY GRAPHS

{((u,2), (u,9)),([0.2,0.3],0.6) , ([0.1,0.1] ,0.7) , ([0.8,0.9] ,0.2) }
{((w, ), (v,9)),([0.2,0.3],0.6),([0.1,0.1],0.4), ([0.8,0.9], 02)}
NP [NP] _ {((v,y),(v,x)),([0.2,0.3],0.6), ([0.1,0.2], 07),([08 0.9],0.5)}
! ? {((v,z), (u,x)),([0.3,0.4],0.3),([0.1,0.1],0.7) , ([0.7,0.8] , 02)}
{((u, ), (v,9)), (]0.2,0.3],0.6) , ([0.1,0.1], 07),([08 0.9],0.2)}
{((uw, ), (v,2)),(]0.2,0.3],0.6), ([0.1,0.1], 07),([08 0.9],0.2)}
{((u,x),(u,y)),([ 02 03] —0. 6)7([ ] —0. 7)7([ 0'87_0'9]7_0'2)}
{((w,9),(v,9)),([-0.2,-0.3],-0.6) , ([0 01] —0.4),([-0.8,-0.9], -0.2)}
NN [NN} _ {((v,9), (v,2)),([-0.2,-0.3], —0.6) , ([— 01 —0.2],-0.7),([-0.8,—-0.9], —0.5)}
! 2 {((v,z), (u,z)), ([-0.3, 04] —0.3), ([-0.1,-0.1], —0 7),([=0.7,-0.8], —0.2)}
{((u, ), (v,9)),([-0.2,-0.3], -0.6) , ([~ 01 —0 1] 0.7),([-0.8,-0.9], —0.2)}
{(wy) s (0,2)) , ([<0.2,~0.3], ~0.6) , ([=0.1, ~0.1],—0.7) , ([~0.8, ~0.9] ,~0.2)}
Proposition 4.5. Let Gy = ((M",N"), (MY, N, ™)) anngz((Mgp,ng),

(MQN,NQN) be two bipolar neutrosophic cubic fuzzy graphs, then the Cartesian
product of two bipolar neutrosophic cubic fuzzy graphs is again a bipolar neutro-

sophic cubic fuzzy graph.

Proof. Condition is oblivious for (M1P MY ) X

(MQP, MQN) . Therefore we verify

conditions only for (N1P , N YY) x )

(NL P, NN ) (NP N YY) = { ((

Let (uP

(Bro, xre, (7 u5) (u”,07)) |

(NQP,NQN) where

((:“Tc1 XTCQ’MTDl ><TD2) (/~‘Tc1 XTCQ’MTD ><TD2)) )
>\Icl xICa,IDyxID5 ) > )‘10le02 ID1><ID2> )
N

((71{301 xFCs, FD1><FD2) ) (VFcle@ FD1xFDs

uN) € V1 and usvy € Fy. Then

ﬁgclecg (( N, N) (uNﬂ’éV )

= {r"min { (@74, (") i7c, (w2, 03))}, TNmaX{(u% (") Az, (w2, v2)} )

r HIID{(/LTAl (uP), P
(u

<
{ rNmax { (A4,

rMmax {rVmax ((Eha, (u

r¥min
M) rNmax (i, (u2V) i, (02

{ rPmin {rP mln((.uTAl( u®)

(/‘TA ( P)’:“TA
N

"))},
)

|

i, (u2)) rfmin (5 (u”) 0574, (027)) )},

)#ﬁé\iz (u2™)) P (1 (7fa, (uNst ia, (V) )} }
r P) (/7TA1 ><:“TA ) (Upﬂff }, }

) U ) (IUTAl X HTAz uNaUéV)}

:{ rPmin { (a4 4, x 14 4,) (u”, u}
r

Nmax{(/ij‘h X 'E'TAz) (u

(/7£FDD1xTD2 ((U ) Ug ( ))

?)
= {max{(,U'TBl ( ) TD2 (u2

~N
KT Dy xT Dy

)
(u"

(™, u)

)} mm{(uml u

v)))

) B, (ua™,02')) }

< { max{(:u‘TBl (u

min { (IU‘TBl (

) max [IJTB2 (UQ
) min ,U,TB2 (UQ

N

) ) irp, (v27)}
)

}

) NTBQ( 2N)
(

_ { max {max (7if g, (u) il 5, (ua")) max (iif s, (u”) ﬁBQ wf)) } }
min {min (2, (), i, (u2}) min (73, (u¥) 37, (2")) }

_ { m?“x{(f?gBl XETB ) (u” u2)7((M;B1 MTBQ) (u”, Uéj))} ) }
min { (i, x i) (™, ud ), (@5, * ip,) (uV, o))}

(Merwren (07 ud) (P 08)) X, wre, (6 u

2) (u vy
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Fa (7)Mo, (" oD} {0, (%) 3, (2 08)) ) )
(AfA umm(Am ) A, (7))} }

n{ (¥
r max{ )&VA ), M max ()‘JIVA (uz") A, (v >))}

_{ r mm}r min )\fA u®), )\fAQ (u2p)) P min (XfA (u®), >‘IA2 (v )) )}7 }

rNmin {rVmax (X, (V) AN, (u2Y) ) 7V min (AyA (V) AN, (V) )}

r mln{()\IAlx)\IAQ) (u?,uf)), ()\IAlx)\fA) } }
erax{(vaAl X XJIVAQ) (u™,ud), ()\IAI X )\ﬁvfb) ( , U3 )}
(\pxrps (6" u2> (u”,05)) My, (0, ud) (™, 03)))

(
= {ma (/\ B1 >‘ID2 (UEvag))} min{(/\lB ( )vAfer (“2N:U§V)>}
{ )‘131 ,mazx )‘IB (u P)) )‘IB (QP)}a
{ min { (A, () min(\, (u2") ) A, (02™) § }
X{max )\fBl Py, NPy (ugp)),max ()\I (), X
{ min {min (M, (u) 2, (u2") ) min (M5, (), 35, (02)
max { (X leAfB2) WP ub), (W, x APy, (uP,of)
{ mm{ Mg, x X, ) (u uéV),EgX%gl xX%%;( )
Frerxres (W7ug) (u03) AP, xrey, (1 ug) (u,vy)
{r max{ Vra, () Are, (we”,02)) ), v min {(7s, (), AFc, (w2,02')} }
{ P P
t
U
-

T max{ 'yFA (up), i max ('yFA (u2l;)7’}’11~3,42 (U2

(3

IN

)} }
) Ara, (v2V)))}
). E’LX(V}F)A1 (“P)WIFDA2 (22")) )} }
}

Il’lln ’}/FA1 ( N) y NmaX ('YFAz (UQ

max {r”max (75 4, (UP) 'YFAZ (U2P)
(u )

2

min {rVanin (7, (o) 785, (12)) - min (55, (u¥) 58, (02V)) )

n
maX{ ”YFA X ”YFAZ) (“ “2) (iFAl x ZFAQ) (“P ”5)} J }
mm ’YFA1 X ’YFAQ) (UN Uév) ) (’YFA1 X ’YFAz) (UNavév)}

FDleDg “ “2) (“P ”5)) %VDMFDQ ((“N “év) (UN Ué\’)))

= {mm{(%fh (u P) ’YFD2 (“2Pa”2P))} max{(WFBl (“N) »VFDz (“2NW§V))}

- min {min (Y55, (u*) .78, (u2")) ;min (375, (u”),3F5, (v2 ))}
< { e (el T (o My e W e L Mty
)
)

2“02“02

)
{ o (0, (7). 3 (")) i (3 (07), 3, 05 ) )
mace {max (7, (uV) T, (1)) e (53, (u™) 57, (1)) }

min{ (Y5, ¥ Trp,) (u”suz) - ((GFp, ¥ Trp.) (u” 03))} }

- { max{(iﬁBl x VFBz) (u™,ud’) ((VFBl x WFBQ) (u™,v')) }

Similarly we can prove it for w € V5 and ujv, € Ejy.
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Proposition 4.6. Let G = ((Mlp,Nlp) , (MlN,NlN)) and Go = (M2P7N2P),
(MQN, NQN) be two bipolar neutrosophic cubic fuzzy graphs, then the composition
of two bipolar neutrosophic cubic fuzzy graphs is again a bipolar neutrosophic cubic
fuzzy graph.

Example 4.7. Let G; = ((Mlp, N1P) , (MlN, NlN)) be a bipolar neutrosophic
cubic fuzzy graph of G} = (V1, E1) where v = {u,v,w}, E = {uv, vw, uw}.

{u, ([0.1,0.1],0.4 ,([03 0.4],0.2),([0.5,0.6],0.1)}
{v,([0.1,0.3],0.1 ([04 0.5],0.3),([0.1,0.1],0.2)} >
{w, ([0.2,0.3],0.1 (o 1,0.2],0.6),([0.3,0.5],0.2)}

CQ
\‘@
AA:
=l
)_.H
oo
OJH
\_/\_/
A:;’_‘

{

{vw

{uw

{u 01,—01 —04),([ 0.3, 0.4},—0.2), [ 0.5,—0.6],—0.1)}
{v,([-0.1,-0.3],—0.1), ([0.4, —0.5] , —0.3) , (|=0.1, =0.1] , —0.2)} >
{w, ([~0.2, —03 ,—0.1),(]-0.1,-0.2],—0.6), ([~0.3,—0.5] , —0.2)}

{uv, ([~0.1,—0.1], — 0.4), ([—0.3,-0.4], —0.2) , (|—0.5,—0.6] , —0.1)}
{vw, ([-0.1, —03 ],—0.1),([-0.1,-0.2] ,—0.6) , ([—0.3, —0.5] , — 0.2)} >
{uw, ([~0.2,-0.3],—0.1), ([~0.1,-0.2], —0.6) , ([—0.5, — 0.6],—0.1)}

and Gy = ((MQP,NQP) , (MQN,NQN)) be a bipolar neutrosophic cubic fuzzy
graph of G5 = (Va, E3) where Vi = {a,v,c} and Es = {ab, bc, ac}

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

My” = { {b,([0.1,0.2],0.3),([0.5,0.6], 02) (10.8,0.9],0.4)}

{c, (]0.3,0.4],0.1), ([0.2,0.3],0.1)., ([0.5,0.6] , 0.3)}
{ab, ([0.1,0.2], 05),([0 1,0.3],0.4),([0.8,0.9],0.4)}

N2P< {be, ([0.1,0.2],0.3), ([0.2,0.3] ,0.2) , ([0.8,0.9] ,0.3)} >
{ac, ([0.3,0.4],0.5) , ([0.1,0.3],0.4)., ([0.5,0.6] , 0.3)}
{a,(]-0.6,—0.7],—0.5), (|—0.1,—0.3] , —0.4) , ([-0.2, — 0.3], —0.6)}

M2N< {b,(]-0.1,-0.2],—0.3), ([~0.5,—-0.6] , —0.2) , ([0.8, —0.9], —0.4)} >
{c,([~0.3,-0.4],—0.1), ([-0.2,— 0.3],—0.1), ([-0.5, —0.6] , — 0.3)}
{ab, ([-0.1,-0.2], —0.5) , ([~0.1,-0.3], —0.4) , ([-0.8, —0.9] , —0.4)}

N2N< {be, ([0.1,-0.2],—0.3) , ([-0.2, —0.3], —0.2) , ([~0.8,-0.9] , —0.3)} >
{ac, ([-0.3,-0.4], — 0.5), ([—0.1,—0.3], — 0.4), ([~0.5, — 0.6], —0.3)}
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Conclusion
In this paper, we introduced Cartesian product and composition of bipolar
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neutrosophic bipolar fuzzy graphs.we investigate some of their properties.
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