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ABSTRACT: Graphs allows us to study the different patterns of inside the data by making a mental image. The aim of this paper is to
develop neutrosophic cubic graph structure which is the extension of neutrosophic cubic graphs. As neutrosophic cubic graphs are
defined for one set of edges between vertices while neutrosophic cubic graphs structures are defined for more than one set of edges.
Further, we defined some basic operations such as Cartesian product, composition, union, join, cross product, strong product and
lexicographic product of two neutrosophic cubic graph structures. Several types of other interesting properties of neutrosophic cubic
graph structures are discussed in this paper. Finally, a decision-making algorithm based on the idea of neutrosophic cubic graph structures
is constructed. The proposed decision-making algorithm is applied in a decision-making problem to check the validity.

INDEX TERMS: Neutrosophic Cubic Set, Neutrosophic Cubic graphs structures, application.

I. INTRODUCTION

Fuzzy sets: The extension of classical set theory in the form of fuzzy sets
was given by Zadeh in 1965 in his seminal paper [1]. Further he introduced
the interval-valued fuzzy sets in 1975 [2]. Atanassov use the notion of
membership and non-membership of an element in a set X and gave the idea
of intuitionistic fuzzy sets. Use of intuitionistic fuzzy sets is helpful in the
introduction of additional degrees of freedom (non-membership and
hesitation margins) into set description and is extensively use as a tool of
intensive research by scholars and scientists from over the so many years.
Various theories like theory of probability, fuzzy set theory, intutionistic
fuzzy sets, rough set theory etc., are consistently being used as powerful
constructive tools to deal with multiform uncertainties and imprecision
enclosed in complex systems. But all these above theories do not model
undetermined information adequately. Therefore, due to the existence of
indeterminacy in various world problems, neutrosophy founds its way into
the modern research. Neutrosophy is a generalization of fuzzy set, where the
models represented by three types concepts that is truthfulness, falsehood
and neutrality. Neutrosophy is a Latin world "neuter" - neutral, Greek
"sophia" - skill/wisdom). Neutrosophy is a branch of philosophy, introduced
by FlorentinSmarandache which studies the origin, nature, and scope of
neutralities, as well as theirinteractions with different ideational spectra.
Neutrosophy considers a proposition, theory, event, concept, or entity, "A"
in relation to its opposite, "Anti-A" and that which is not A, “"Non-A", and
that which is neither "A" nor "Anti-A", denoted by "Neut-A". Neutrosophy
is the basis of neutrosophic logic, neutrosophic probability, neutrosophic
set, and neutrosophic statistics.

Inspiring from the realities of real life phenomenons like sport games
(winning/ tie/ defeating), votes (yes/ NA/ no) and decision making (making
a decision/ hesitating/ not making), Smarandache [3, 4] introduced a new
concept of a neutrosophic set and neutrosophic logic (NS in short) in 1999,
which is the generalization of a fuzzy sets and intutionistic fuzzy set. NS is
described by membership degree, indeterminate degree and non-
membership degree. The idea of NS generates the theory of neutrosophic
sets by giving representation to indeterminates. This theory is considered as
complete representation of almost every model of all real-world problems.
Therefore, if uncertainty is involved in a problem we use fuzzy theory while
dealing indeterminacy, we need neutrosophic theory. In fact, this theory has
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several applications in many different fields like control theory, databases,
medical diagnosis problem and decision-making problems. These sets
models have been studied by many authors. Using Neutrosophic theory,
many mathematicians introduced the concept of neutrosophic algebraic
structures such as neutrosophic algebraic structures, neutrosophic fields,
neutrosophic vector spaces, neutrosophic groups, neutrosophicbigroups,
neutrosophic  N-groups, neutrosophichisemigroups, neutrosophic N-
semigroup, neutrosophic loops, neutrosophicbiloops, neutrosophic N-loop,
neutrosophic groupoids, neutrosophicbigroupoids and neutrosophic AG-
groupoids. In 2012, Jun et al. gave the idea of cubic sets [5]. For more detail
of cubic set one can cite [6, 7, 8, 9, 10, 11]. More recently Jun et al. combine
neutrosophic set with cubic sets and gave the idea of Neutrosophic cubic set
[12] and define different operations [13]. Further interval neutrosophic sets
was introduced by Wang et al. [14]. Fuzzy Graphs: In 1975 Rosenfeld [15]
extended the idea given by Kauffmann in 1973 [16] and initiate the concept
of fuzzy graphs and considered the relations between fuzzy sets. In 1987
Bhattacharya explained some remarks on fuzzy graphs [17]. Mordeson and
Nair explained the study of fuzzy graphs and fuzzy hypergraphs in their
book in 2001 [18]. Akram et al. gave the idea of interval valued fuzzy graphs
[19, 20], intuitionistic fuzzy graphs and bipolar fuzzy graphs [21, 22, 23].
Strong intuitionistic fuzzy graphs were presented by Akram and Davvaz
[24]. Intuitionistic fuzzy sets were further generalized by Smarandache [4].
Cayley interval-valued fuzzy threshold graphs were studied by Borzooei and
Rashmanlou [25]. Buckley gave the concept of self-centered graphs [26].
Further characterized g-self-centered fuzzy graphs was given by Sunitha et
al. [27]. Mishra et al. [28] introduced the idea of coherent category of
interval-valued intuitionistic fuzzy graphs. Pal et al. [29] and Pramanik et
al. [30, 31] discussed some results to the theory of interval-valued fuzzy
graphs. Parvathi et al. [32] defined operations on intuitionistic fuzzy graphs.
The idea of product of intuitionistic fuzzy graphs was introduced by Sahoo
and Pal [33]. Gulistan et al. [32] presented the idea of neutrophic cubic
graphs with real life application in industry. The main role of neutrosophic
cubic graph structure theory in computer application is the development of
graph algorithms. These algorithms are used to those problems that are
modeled in the form of graphs and the corresponding computer science
applications problems. Theoretical concept of the neutrosophic cubic graphs
structures are highly utilized by computer science application. Especially in
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research area of computer science such as data mining, image segmentation,
clustering, image capturing and networking. The neutrosophic cubic graphs
structures are more flexible and compatible then fuzzy graphs due to the fact
that they have many applications in networks.

Our approach: In this paper we initiate the idea of neutrosophic cubic graph
structures which is extension of neutrosophic cubic graphs. Neutrosophic
cubic graphs are defined for one set of edges between vertices while
neutrosophic cubic graphs structures are defined for more than one set of
edges. We also defined basic operations like Cartesian product,
composition, union, join, cross product, strong product and lexicographic
product of two neutrosophic cubic graph structures. At the end we discuss
the application of neutrosophic cubic graphs in decision making problems.

1. Preliminaries
We briefly describe few fundamental concepts, ideas and preliminaries of
neutrosophic sets, neutrosophic cubic sets and neutrosophic cubic graphs.
Definition 2.1 [34] Neurosophics set is define as:

=, ) () O):
where s a universe of discoveries and is characterized by a truth-
membership  function -»]07,1*[,an indeterminacy-membership
function -]07,1*[ and a falsity-membership function : -
107, 1*[. There is not restriction on thesumof (), (),, ().

Definition 2.2 [35] A single valued neutrosophics set is define as:
={., ) () (O): }
where is a universe of discoveries and is characterized by a truth-
membership function - 0,1],an indeterminacy-membership function
- 0,1] and a falsity-membership function - 0,1]. There is not
restriction on thesumof (), (),
Definition 2.3 [35]Let us consider two smgle valued neutrosophic sets

={. ) ) O): }
={ . () ) () }

then set theoretical operations for these two single valued nurtrosophic sets

and

are given as;
O) if and only if ()= () ()=
) O)= ()
() = if and only if ()= () ()=
() ()= () forany
() The complement of is denoted by and is defined

by
={ ., (O)1- () )/ }

() The intersection

={ min{ (), Okma{ () }max{ () ()}: }
( ) The Union
={ max{ () Okmin{ (), O}min{ () ()}: 3

Definition 2.4 [2, 36] Let ;= 4,41, 1 and »,= ,, 5 , be two
single valued neutrosophic number. Then, the operations for NNs are
defined as below;

T= 1-(1- 1,101,
1= ~1,1—(1—1),1—(1— )

1+t 2= 1F¥ 27 12012012
1 » where >0.

125 121F2-1201F 2~

Definition 2.5 [8]Let X be a non-empty set. A neutrosophic cubic set (NCS)
in isapair =(, dwhere ={ , (), () ()] }isan
interval neutrosophicsetin and ={ , (), (), () }isa
neutrosophic set in . Also [0,0] ~ + ~ + ~ ]

+ <3

Definition 2.6 [24] Let = ( , ) be a Graph. By neutrosophic cubic
graph of , we mean a pair :( , )V\Lhere B
=)=, )2C.H)C., )
is the neutrosophic cubic set repre~sentati0n~of ang
=C.)=.)C.)C. N
is th~e neutrosphic cubig set reBresentation of such that;
MmC_C ) e ) € dsma{ () ()b
imne c ) £0) () ¢ ysmax{ () ()
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(incC ¢ ) O D) A

Definition 2.7 [24] Let = (, ) be a graph and = ) be a
Neutrosophic Cubic Graph on s said to be truth-internal (T-internal) if
the following conditions hold

Ysmin{ () ()b

() TTOTON C OO
indeterminacy-internal (I-internal) if the following conditions hold

)y ~C) Ol O TOTON
falsity-internal (F-internal) if the following conditions hold

) OO () O ON
truth-external (T-external) if the f0IIOW|ng conditions hold

O TTOTON O O TON
indeterminacy-external (I-external) |f the following conditions hold

) OO SO OO
falsity-external (F-external) if the following conditions hold

() TO N O OO

Definition 2.8 [24] Let = (, ) be a graph and = ) be a

neutrosophic cubic graph on V is said to be internal if the following
conditions hold

O OO O O O
CO OO O SO OLD
O OO O O O

A neutrosophic cubic graph is said to be internal neutrosophic cubic graph
if it is truth-internal, indeterminacy-internal and falsity-internal.

I11. Neutrosophic Cubic Graph Structures

In this section we define the extension of neutrosophic cubic graphs to
neutrosophic cubic graph structures

Definition3.1Let  =(, 1, ..., )beagraphstructure. Then =
(o1 2000 ) is said to be neutrosophic cubic graph structure of
" where
=C.)=C. xc.)nc. »n

is the neutrosophic cubic set reprgsentationpf and B

1:( 1 1):(( 1! 1)7( 1 1)!( 1 1)) -

2:(’_27 Z)ZS( 2! 2)_'!( 21 2)!( 2! 2))

=C., )= . xc. yc . n
are the neutrosphic cubic set representations of 4, ,,...,  respectively,
if the following conditions are satisfied:

(i) isaneutrosophic cubic seton  such that
0<s™ + + 7 =33]0s + + <=3
(i) isa neut[osophic cubicseton  such that .12,

0" +  + 7 =330 + + <3

(iiii) Also L12,..,

: ()] ) ()=smax{ () ()}

) €0 O3 C)smax{ () ()
()

()=min{ () ()}

Example: Let o= ( , 1, »)beagraph structure where
={,.. }
1 = { , v}r
2={ . . 1}

defined as

{ ,([0.4,0.5],0.6),([0.2,0.3],0.2),([0.6,0.7],0.1)},
_ { .([05,06],04),([0.4,05],05),([0.1,0.2],0.7)},
~ {,([0.3,04],0.9),([0.9,1.0],0.2),([0.7,08],0.3)}, ' !
{ ,([0.8,0.9],0.7), ([0.4,0.5],0.3), ([0.5,0.6],0.4)}
_ { .([04,05]0.6),([0.2,0.3],0.5),([0.6,0.7],0.1)},

~ { ,([0.3,0.4],09),([0.2,0.3],0.2),([0.7,0.8],0.1)} '
{ ([0.4,05],0.7), ([0.2,0.3],0.3), ([0.6,0.7],0.1)},

= { ,([0.3,04]09),([0.405],05),([0.7,0.8],0.3)}, .
{ ([0506]0.7),([0.4,05],0.5), ([0.5,0.6],0.4)}
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{a,([0.4,0.5],0.6),([0.2,0.3],0.2),
(10.6,0.71,0.1)}

N, {ab,([0.4,0.51,0.6),([0.2,0.3),0.5),
(10.6,0.7),0.1)}

{b,((0.5,0.6],0.4),([0.4,0.5,0.5),

([0.1,0.21,0.7)}

{2,((0.3,0.4],0.1),([0.5,0.61,0.2),
([0.4,0.5,03)}

(10.5,0.71,0.3)}

N fab, ([0.1,0.2],0.5),([0.5,0.61.0.6),

1b,(10.1,0.21,0.5),([0.7,0.8],0.6),
[0.5,0.7],0.4)}

4],0.9),([0.2,0.3],

o'lsovol)(coly

23,5
14,([0.8,0.910.7),(10.4,0.51,0.3),

{¢,(0.3,0.4],0.9),({0.9,1.0,0.2),
((0.7,0.81,0.3)}

([0.5,0.61,0.4)}

Figure:1 Neutrosophic cubic graph structure |

Definition 32 Let ~ 1=( 1, 11, 21se:es ) and T ,=
») be two neutrosophic cubic graph structures defined
on 1=C1 11 210 D ad > =(2 12 22, 2)
respectively. The cartesian product of ; and , is defined as
1% 2=( 1 11 210000 DX 20 120 2200 2)

=( 1% 20 1% 12, 21X 220000, 1% 2)

=1 )*xC2 20(C1 1) > 120 12)
(210 20) (220 22)s (1 xC 2 2)

= 1% 20 1% 2 (11> 120 1% 12)
(20% 220 21% 22)ie01, (1% 20 1% 2)

(G N QU N QTR )}
S( 1> 12" 11% 12)1( 1% 12" 11% 12)L( 1> 12" 11% 12)

(~21>< 22" 1% 22)’( 217 220 21% 22)’( 21% 22" 21% 22)""'

1< 2 1% 2)'( 1< 2r 1x 2)'( 1< 2 1x 2))

and is defined as folloyv:
0] x L0 )= CL0) L0 =x,(, )=
max( ,( ) L0, )
(i) =0 )= CL0) 0N <, )=
max( (). ,()). | o
(ii) =00 )= CL0) L0 =<, )=
min( (), ,()) o
(iv)  x L, DO, D)= C.0) (120

) s (DG D =max( L) L(12)
V) < L(C, D0 2= .0 (12)

) (G DC ) =max( () L1 2)
Vi)  x L D0, D)= CL,0) (12D

) (oD ) =minC (), ,C1 )
(i) x (1 )2 D= C (12, ,0))

) oo )2 N=maxC (12 L()
(viii)  x (1, )2 D= C (12 ,()N

) s (G ) ND=max( (1 2) L))
(X)) x (1 )2 N= C (12 ,0)

x (1 )2 ) =minC (12, ,())

(.) (u 2= for ()—( ), poand 4, 2 (
1.2,..., ) for ( )—( ), ,and 4, 4+ 12,..., ) for

()H)-0)

Example: Let 3 =( 1, 11, 21, ma) and 2 =( 2, 12, 22) betwo
neutrosophic cubic graph structures defined on , and , respectively,
where
{ ,([0.3,04],0.1),([0.5,0.6],0.2), ([0.4,0.5],0.3)},
_ {.([0.1,0.2],0.5),([0.7,0.8],0.6), ([0.5,0.7],0.4)},
17 {,([0.8,0.9],0.3),([0.2,0.3],0.55), ([0.3,0.4],0.5)},
{ ,([0.2,0.3],0.5), ([0.9,1.0],04), ([0.6,0.7],0.2)}
{ ,([0.1,0.2],0.5),([0.5,0.6],0.6), ([0.5,0.7],0.3)},

117 £ ([0.2,03],0.5), ([0.2,0.3],0.5), ([0.6,0.7],0.2)}
_{ ,(10.2,0.3]05),([0.5,0.6],0.4), ([0.6,0.7],0.2)},
217 £ ([0.1,0.2],05), ([0.2,0.3],0.6), ([0.5,0.7],0.4)}
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{irolcosoleo

{lzo'lcogolrivo
‘leazol)(s oz ot o)) 29} N

g
T
e
Gl
B
e
&
e
&
3
in
e
a

{d.{[0.2,0.31,0.5),([0.9,1.0],0.4),
([0.6,0.7),0.2)}

Ny, {ed,([0.2,0.3],0.5),([0.2,0.3],0.5),
1[0.6,0.7),0.2)}

{c.(10.8,0.9],0.3),(10.2,0.31.05).
((03,0.4,0.5)}

Figure: 2 Neutrosophic cubic grarh structures Gu |

and

{ ,([0.4,05],0.2), ([0.2,0.3],0.7), ([0.5,0.6],0.1)},
{ ,([0.2,0.3],04), ([0.7,0.8],0.4), ([0.1,0.2] 0.5)},

o { ,([0.4,05],0.8), ([0.5,0.61,0.3), ([0.8,0.9],0.4)}
= { ,([0.2,0.3]04),([0.2,0.3],0.7), ([0.5,0.6],0.1)}

_ { ,([0.405]0.8), ([0.2,0.3]0.7), ([0.8,0.9],0.1)},
27 £ ([0.2,0.31,0.8), ([0.5,0.6],0.4), ([0.8,0.9],0.4)}

(10.4,0.51,0.2),([0.2.03].0.7),
([0.5,0.6],0.1)}

{%.([0.2,0.3],0.4){[0.7,0.8],0.4),

Mas,{y2,(0.2,0.3],0.8),(10.5,0.6],0.4), {2,((0.4,0.5],0.8),([0.5,0.6],0.3),

(10.1,0.2,0.5)} ({0.8,0.9),0.4)} ([0.8,0.9],0.4)}
Figure: 3 Neutrosophic cubic grarh structures Gas ‘
Then ™ ; x  , will be
{C, ), ([0.3,0.41,0.2), ([0.2,0.31,0.7), ([0.5,0.61,0.7)},
{( , ),([0.2,0.3],0.4),([0.5,0.6],0.4),([0.4,0.5],0.3)},
{( , ),([0.3,0.4],0.8),([0.5,0.6],0.3), ([0.8,0.9],0.3)},
£, ) ([0.1,0.2],05), ([0.2,0.3],0.7), ([0.5,0.7],0.1)},
{C, ).([0.1,0.2],05), ([0.7,0.8],0.6), ([0.5,0.7]0.4)},
. _ 1, ).(10102]08),([0.506]056),([080.9].04)},
1 2 10 ) ([0.4,05],0.3), ([0.2,0.3],0.7), ([0.5,0.6],0.1)},
{(, ).(10.20.31,0.4), ([0.2,0.3]05), ([0.3,0.4],0.5)},
{(, ), ([0.4,05],08), ([0.2,0.3],0.5), ([0.8,0.9],0.4)},
(. ),([0.2,0.31,0.5), ([0.2,0.3],0.7), ([0.6,0.71,0.1)},
{C . )([02,03]0.5),([0.7,0.8],0.4), ([0.6,0.7].0.2)},
(. ) ([0.2,0.31,08), ([0.5,0.6],0.4), ([0.8,0.9],0.2)}
1% 12

21X 12
_ O

{(C. )(, )).(0.20.3]04),([0.20.3],0.7),([050.6],0.1)}

= {(C. )(. ). ([0.102],05),([0.2,0.3],0.7),([0.5,0.6] 0.1)},
{(C, )(, ))(0.2,0.3],04),([0.2,0.3],0.7),([0.5,0.6],0.1)}
11X 22
{(C. ), ).([0.1,0.2],08),([0.5,0.6],0.6),([0.8,0.9],0.3)},
= {((, )(, ). (0.20.3]0.8),([0.2,0.3],05),(][0.8,0.9],0.2)},
{(C. ), ). ([0.20.3],0.5),([0.20.3],0.7),([0.6,0.7],0.1)}

). ([0.1,0.21,0.5), ([0.2,0.3],0.6), ([0.5,0.7],0.4)},
{(C. ). )).([0.20.3]0.5),([0.2,0.3]0.7),([0.6,0.7],0.1)}
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21{)(<( ©)C. )).(1020.3108), ([05,06]0.4),([0.809].03)}
_ . ), ).([0.102],08),([0.2,03],0.7),([0.8,0.9],0.1)}, = LG 20, 2)=minfC (), (22}
{(C. (. )).([0:4,05),08),([0.2,03],0.7),([0.8,09],0.1)}, sminf{(C ,().min(C ,(2).( ,(2)}

(., ), ).([0.20.3],0.8),([0.5,0.6],0.4), ([0.8,0.9].0.2)} =
min{min(( ,( ), ,(2).min(C () (20}
=min{( ,x (., 2.( ,x )0, 2D}

similarly we can prove it for cand 4 1 1.

Definition 34 Let  ;=( 1, 11, 21,0 ) and L=
(20 120 220001 2) be two neutrosophic cubic graph structures defined
on 1= (1 110 1200 1) and 2= (2 21, 2201, 2)
respectively. The composition of ; and , is denoted by ;[ ,] and is
defined as

vl[v2]=( 10 11 21seey 1)[( 21 12y 221

21
={ al 21 11l 22 2l 221, o[ 20}

{( v D2 21 Ca w2 12)]

Con Doz )b 1 DI 20 T
_ Gl B ol ul b,

“Halzl al 2 Cal 2 2D

C, "0, D, T, L))
((N1 i 20, ) '
{ :11 12)'( 1 12))'((11 ~12)*( 11 12))'
(( 11 12)*( 11 12))
(P N QPR ) N (P N QR )}
Co " 2C 0 20

{((: : : 20 0 0, 0, L)
£, 2C 5 L) h
where (i) ( ) (n 2)—

{

Propositio_n 3.3 The cartesiaq prod'uct of two neutrosophic cubic graph C, TN0)= C O 2( NC, D0)
structures is also a neutrosophic cubic graph structure. =max( O L)
Pro.of. Eingit.i?n isvsrt]);/rigus for ,x ,. Therefore we verify for | x (~1 ~2)( )= CON7 O 00
U S HC e v D C e = max( () L0
(~ 1x 2 1 2))} ~ ~ _ ~ ~
Let 1~and 2 2 . Then B B s 20 )= :nginé( )’( )2( ))’(())1 20
w G D0 D= {CLO)7 LG i) and e
~ ~ ~ 1 12 2
_ GO (G000 S (I T R G & R )\
- - - - C 0 0 D0 ) =max( (), 1)
t GO 2))‘{(~ « 1)(()‘(2)2(((3”i~ Yo Co 72 D0 20= CL007 ,(12)
(0 D=mad( O (o N Coal 2 D0 D =ma 40, (s 2)
veen s 20 VN CL 70 9= CO.7 (12
= mad( L Omax(C (2,00 C G DG =ming L0 ()
(iii) 2and g,
O LS S e C T N= €D
T G0 = ACO e Cu D N=max (o) ()
_ GO (G000 CLmCu X2 N= Culid )
U COC  COCM o GG N=maxC G0
= {C, %700 2(Cox 70 2} - - _ - -
e G D EmC,On e G Ma X2 n=  Cala )
et - OmaxC o DE D} _ (. D)2 N=minC (12, ,()
- 1 2 2 ) (1 (a2 2 °- ) ) i
Cu 7D D 0= CL(07 (27 (12)
max{max(( ,( ). ( 2(:2n)1)a,):?(élx((x1( ))(( 2() 2&)} C 5 (o D DCa D =max( () (2, ,(12)
LU 2R a2 2 Co 700 D2 2= CL00.7,027 (120
Tk L D0 )= O ED))! . D1 D2 2)=max( (1), ,(2) ,(12)

{(" 1( ), ((~ 2( 2)('(2~ 2( )} ( 1 )(( v (2 )= ( 2( 2 2( 2)v~ 1( 12)

= (G D D2 2)=min(C (1), ,(2), ,(12)
{ (CLONC L0 (GHOXGA®));

= {C,x 700 2C %7 )0, 20
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Example: Let ~ ;=( 1, 11) and ~ ,=( 2 12 2) be two
neutrosophic cubic graph structures defined on , and , respectively,
where
_ {.([0.3,04],0.7),([0.5,0.6],0.2), ([0.4,0.5],0.4)},
17 { ,([05,0.6]04),([0.6,0.71,0.3),([0.1,0.2],05)} 1?
= { ,([0.3,0.4],0.7),([0.5,0.6],0.3),([0.4,0.5],0.4)}
and
{ ,([0.4,0.5],0.2),([0.6,0.7],0.4),([0.2,0.3],0.6)},
,= {.,([01,0.2]0.7),([0.8,0.9],05),([0.3,04],0.3)},
{ ,([0.3,0.4].0.6), ([0.5,0.6],0.2), ([0.7,0.8],0.4)}
{ ,([0.1,0.2],0.7),([0.6,0.7],0.5), ([0.3,0.4],0.3)},
{ ,([0.3,0.4].0.6),([0.5,0.6],0.4), ([0.7,0.8],04)} ??
= { ,([0.1,0.2],0.7),([0.5,0.6],0.5), ([0.7,0.8],0.3)}

Then ™4[ ,]will be

{« ,] ), ([0.3,0.41,0.7), ([0.5,0.6],0.4), ([0.4,0.5],0.4)},

{C, ),([0.1,021,0.7), ([0.5,0.6],0.5), ([0.4,0.5],0.3)},
_ {C, ). ([0.30.4],0.7),([0.5,0.6] 0.2), ([0.7,0.8],0.4)},
{C, ). ([0.3,0.4108), ([0.5,0.6],0.3), ([0.7,0.8],0.4)},
{C, ),([0.1,0.21,0.7), ([0.6,0.71,0.5), ([0.3,0.41,0.3)},
{(, ),([0.4,05],0.4), ([0.6,0.7],0.4), ([0.2,0.3],0.5)}
{C, ), ). ([0.1,0.21,0.7), ([0.5,0.61,0.5), ([0.4,0.5],0.3)},

11[ 12]

{C. ). ). ([0304107), ([050.6],04), ([0.7.0.8]04)},
{C. ). )(10.304107). ([050.6].04), ([0.7.0.8]04)},
{C, ), ) ([0.1,02],0.7), ([0.50.6],0.5), ([0.4,0.5],0.3)},
_{(. (. ).(1030.4]0.7),([05,06]0.4),(10.7,0.8],04)},
= (. )(. )(0102],07),([0506]05),(0405]03)}, L 2]
{C, (., ) ([0.1,02],0.7), ([0.5,0.6],0.5), ([0.4,0.5],0.3)},
{.)( . ). (10.30410.7), ([050.61,04), ([0.7.0.8]04)},
(. )(, ) ([0.304],06), ([050.6],0.4), ([0.7,0.8],0.4)
{C, ), ) ([0.1,0.21,0.7), ([0.6,0.7],0.5), ([0.3,0.4],0.3)}
{C, )(, ) (0.1,0.2],0.7),([0.50.6],0.5), ([0.4,0.5],0.3)},
{C, ), ) (0.1,0.2]0.7),([0.50.6],05),([0.7,0.8],0.3)},
= {(. )( . ) ([030410.7), ([05061,03), ([0.7.0.8]04)},
{C, )(, ).([0.1,0.2]0.7), ([0.5,0.6],05), ([0.7,0.8],0.3)},
{C, ), ).([0.1,0.2],0.7), ([0.5,0.6],0.5), ([0.7,0.8],0.3)}
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Proposition 3.5 The composition of two neutrosophic cubic graph
structures is again a neutrosophic cubic graph structure.

Proof. Condition is obvious for | . we will prove it for 4
o =12,..., ,where

1 2:{(( 12 1 2)'(~ 1020 1 2)'(~ 12 1 2))}
(Let  jand , . Then y y
{C .0 (2200}

U0 = )7
(L0 20,0
£ (O (COC M
= {C, 2020, TG 0
N=maxi( (). (2 )
<max{( ,().max( ,(2).( ()

. (O 2C

max{max(( ,().( ,(2).max(( (). ()
=max{( , (. 2D, ).

.07,

(L0 (LM

{ C.OC  (CLOC,C0

= {, )( 2(C, 70 2
2)) = max{( 1( ) (2 20

= max{( ,( ) max(( ,(2).( ,( 20}

max{max(( ,( ), ( ,( 2)max(( ,().( ,(
=maq( , I D, . 2}
C G0 = O G
.00 (2

OC (COC (0

N (G [P

. L0

{ «

= {C, "0 2, "0 22
L (O 20 ) =min{C () (2200}
= min{( ,().min(C ,(2).( (20}

min{min(( ,( ). ,(2).min(C (). ,( 2}
=min{C , (., 2.C, )0, 2}
fOr( 1 2)!( ’ 2) 1 2
(ij) Let ,and 1 4 1
€. ) N= C LG 0
C CLD 7, L0

O CL.7,00
= O, TG
o D)0 D=max( (11 ()
<max(max( (1), ,(2) ()

EIET)

LO)max(C (1), ()}
=max{( , J)(u )( ,

Co 700 ) N= CLCiD ()

max{max( ,( 1),

D01 )
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C G700

), C.C). 7,00
{C, D),
. )y )) = max( ( 1 1) »

= max(max( 1( ) 1( ) ()
=max{max( ,( 1), ,())max( (1), ()}

{ .0~

”/\”

(1 )

=max{( , )1 )(, )(u)
CL 700 ) N= C (10 2())
( CLCD 70D ,0)
T CUa 0N
= {C, D0 )C, D0 )
¢ ., )((1 Y N=minC (11) ,())
s min(min( ,( 1), 1( D) ,(0))
min{min( (1), ,( ).minC (1), ()}
=min{C , (1 )(, )(1 )}
for( 1, (1) 1 2
(i) Let( 4 1)(2 2) 0— . . 5
Co D Dz = C(D (D7 ()
(0750 CulD (2
= (D7D,
= {( 1 2)( 1 1 ( 1 2)( 2 2)}
« , D D2 2)=max( (1), ,(2), ,(12)
s=max{ ,( 1), ,(2max( (1) (2}
=max{( (1) () (2 (2}
=max{( , BIETE I G D2 2)}
Co 7D e D= D (D7)
{00 02 (.C) (2D}

{C.( D (), (2

{C, "0 D.C, T2 2}

(G D1 D2 2) —max( ,C ) 2( 2) ,(12)
=max{ ,( 1), ,( z),maX( (1) (2}
=max{( (1), ,( (.2 (D}
=max{( , (1 ).C, D2 2}

( . 2)(( 1 (2 2))~= S 2( 1) 2( 2)
{ ~2( l)v ~2( 2)7 " X
= {CL (D70 CLl2. 7,00
= {C . 2)( 1 1) ( 1 2)( 2 2)}
« D1 D2 2)=min(C ,( 1), ,(2), ,(12)
smin{ ,( 1), ,(2minC (1), (2}
=min{( (1), ,(D)C (2 (2D}
=min{( , (1 ), (2 2}
for(1, 1), (1 2) 1 ofor  12..., .Thisproves the result.
Definition3.6 Let 1 =( 1, 11, 21+ pand , =
,) be two neutrpsophic cubic graph structures defined

). (1 2)
CL() 7, (0

on 1 =(1 12, 120+, 1J)and 2 =(3 21, 2201, 2)
[espectiyely. P-union is denoted by 4 , and is defined as

1 2=C 1 110 210001, ) (2 120 220000 2)
( 1 2y 11 120 21 221+ )

- (( 11 1) ( 2y 2) ( 11 11) ( 12 12)v

(210 21) (220 220 C 1 1) (20 2)
(( 1 20 1 Zv)v( 11 120 11 12)1
( 21 22y 21 22) vvvvv ( 1 2y 1 2))

VOLUME XX, 2018

((N 1 2! 1 2)'(~1~ 2' 1 2)’(~ 1 2! 1 2))’

(( 11 12! 11

(~ 21 22" 21 22)'( ~21 22" 21 22)’( ~21 22! 21 22) """

{( 1 2! 1 2)’( 1 2! 1 2)'( 1 2! 1 2)) }
where
TLONE =,
C, ToO={,0if -
.07 ,0H 10,

12)'(~ 11 12" 11 12)'(' 11 12! 11 12)’

SO =

(G 0= Oif 5=
max{ () ,ONf 10,

SO =

¢, ~9()=={~2()w 2= 1
; OO0 a0,

17 2
(G D) ={ ()'f 27 1
max{ ) LONf 0

O =

Co ToO=L,08 .-
.0 7,00 10,

LOif 1=

LOIf 2= 1
max{ () ,ONf 10,

. 20)=A

L22if 22 1=
(G ~2)(22)={~ ,(2 2)if 5 2 27 1
{~ l(22)v~ L2 2if 5 5 1N 2
(22if 22 1= 2
« . (2 2)={

L2if 22 2=
max{ (22, ,(22if ;> 1N 2

~1(22)if22 17 2
(G ~2)(22)={~ (2 2if 2 2 27 1
{~ 1(22),~ 02 2if 5 5 1N 2
( 1 2)(22)2
(22if 22 1= 2
{ (22if 25 -1
max{ ,(22) ,(22if;, 1N 2

(22if 22 1=
L22if 22 2=
{ 1(22), z(zz)ifzz 1N 2

( 1 2)(22):
1
2~

(~1 ~2)(22)={~

(2 2if 5 5 -2
(2 2)if 2 2 1
max{ ,( 2 2) (2 2if 5 2 1N 2

gnd R-union is denoted by~ , and is defined as

1 i 2= ( 10 11y 21s:e 1) ( 2 120 221+ 2)
( 1 2y 11 121_ 21 2210 1 2)
{( 1 1) ( 21 Z)V( 11 11) ( 12 12)v }
( 21 21) ( 221 22_) !!!! ( 1 1) ( 2y 2)
{( 1 20 1 21)1( 11 12y 11 12)! }
( 21 22y 21 22) vvvv ( 1 2 1 2)
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- 1
Wy o0 D2Ce s DCy L ) { ,([0.3,0.4],0.8), ([0.5,0.6],0.2), ([0.4,0.5],0.4)},
((~ 11 12" 11 12)'(~ 11 12' 11 12)’(~ 11 12" 11 12)' { '([0'6’0'7]'0'2)'([0'1'0'2]'0'8)'([0'5'0'6]'0'5)}' 11 =
C 21 220 21 22)'( 21 20 ; 22)'(~ @ a1 ) {([04,05],0.3), ([0.7,0.8],04),([0-2.0.3] 0.3)}
P G X o W G S Y { ,([0.3,0.4],0.8),([0.1,0.2],0.8), ([0.5,0.6],0.4)}, _
{ ([0.4,05],0.3),([0.1,0.21,0.8),([0.506]03)} 2
O { ,([0.3,0.4],0.8),([0.5,0.6],0.4), ([0.4,0.5],0.3)}
(~ 1 - 2)( )= {~ 2( )if 27 1 {a.((0.3,0.41,0.8),(10.5,0.61,0.2),
O 7,00 10 S
SO =
(. 20)={ ,Oif -
min{ (), ,(OOHf 10
SO =
C, O=L{,00if -
.0 7,O0F 10,
SO =
( 1 2)( ): { 2( )If 271 Ny, {bc,([0.4,0.5],0.3),([0.1,0.2],0.8),
min{ (), ,( )}f 1N 2 (10.5,0.61,0.3)}
O -, Y Tasomomy o ese
. DO =L ,00f -
{~ 1( ). ) 2( )}if 1N 2 Figure: 7 Neutrosophic cubic graph structure Gs,
(G D)=
LOf =
{ ,Q)if 27 1 and
min{ (), ,OHf 10 2=
. . { ,([0.2,0.41,0.7), ([0.4,0.5],0.3), ([0.7,0.8],0.4)},
) (G M22)= { ,([05,0.6],0.3), ([0.2,0.3],0.6), ([0.50.6]).02)}, , =
(22if 22 1= 2 { ,([0.4,05],0.4), ([0.1,0.2],0.8), ([0.6,0.7],0.1)}
{ (22if2, 2= { ,([0.2,0.4],0.7), ([0.2,0.3],0.6), ([0.7,0.8],0.2)}, _
C (22 (22if22 10 5 { ([0.4,05],0.4),([0.1,0.21,0.8),([0.6,0.71,0.1)} 2~
(. (2 2= { ,([0.2,0.4],0.7),([0.1,0.2],0.8), ([0.7,0.8],0.1)}
1( 2 2)if 22 1= 2
{ (2if 2, 22—
min{ (22, ,(22)if, > 1N 2
. (~ 1 - 2)( 22)=
l( 2 2)if 2 5 1~ 2
{~2(22)if22 27 1
{~1(22)x~ 2(22)"22 1N 2
( 1 2)( 2 2) =
1( 2 2)if 5 5 1~ 2
{ (22if 25, =
min{ (22 ,(22if,> 1N 2
) CLT = Then ™ Vzwillbel .
_ale 2)!]( 22 12 { ,([0.3,0.4],0.8), ([0.5,0.6],0.3), ([0.7,0.8],0.4)},
{ 2 2if 2 2 ! { ,([0.6,0.71,0.3), ([0.2,0.3],0.8), ([0.5,0.6],0.5)},
{ (22, (22if22 10 2 { ,([0.4,0.5],0.4),([0.7,0.8],0.8), ([0.6,0.7],0.3)}
( 1 2)( 2 2) = 11 1=
(22)if 22 1= { ,([0.3,0.4],0.8),([0.2,0.3],0.8), ([0.7,0.8],0.4)},
{ (22if22 2= { ,([0.4,0.5],0.4),([0.1,0.2],0.8), ([0.6,0.7],0.3)}

min{ (22) ,(22if,, 1N 2 21 2 =
{ ,(]0.3,0.4],0.8),([0.5,0.6],0.8),([0.7,0.8],0.3)}

Example: Let ~ 1 =( 1, 11, 21) and  »=( 2 12 22) be two
neutrosophic cubic graph structures defined on , and , respectively,
where
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€, " HOC, TN
1 JC)=max{ () ,( )}

max{ {.,0) ;0% {.,0) ,OOB
max{ {.0) ,O% {.0) ,OOn
=max{( , )()(, D0}
(G JC )= { .0) ,C»n
{ £.0).7,00 {7,0.7,0n
{ £.0).7,00 .0.7,0n

= {C, "DOC, " )n
(G HC)=max{ () ()}

smax{min{ (), ,()rmin{ (). ()}
=minfmax{ () ,(Okmax{ () (O}
V v =min{( , 200 D@
and > will be If _1and 2, then
1 2= (G 20 ) . “)0.C, PG
{ ,([0.3,0.4],0.7), ([0.5,0.6],0.2), ([0.7,0.8],0.4)}, (G 0 )y=max{( , 2000, D0}
{ .([0.6,0.71,0.2), ([0.2,0.3],0.6), ([0.5,0.6],0.2)}, . D0 ) {, D00, D@
{ .([0.4,0.5],0.3),([0.7,0.8],0.4), ([0.6,0.71,0.1)} oy HC)=ma{C  ,)()(, D@
N 20 ) {, D00, @)

= ( 2

{ (10304107),([0203],06),([0.70.8]02)}, C. =m0 DO, O}
{ ,([0.4,0.5],0.3),([0.1,0.2],0.8),([0.6,0.7],0.1)} If~ 1 and z,then~ . . .

21 2= ( 1 )( ) {( 1 2)( ) ( 1 2)( )}
{ ,([0.3,04],0.7),([0.5,0.6],04), ([0.7,0.8],0.1)} . «, ( ) =max{( , OO C B}
R C. 20 {0 OG0 "0
Co D0O=EmadC, O, D0
(G 20 ) {C, 200 D@}
(G D0 )=min{( | 20)C D@
Hence the P-union of two nuetrosophic cubic graphs is a neutrosophic cubic
graph.

Remark 3.8 R-union of two neutrosophic cubic graph structures may not
be a neutrosophic cubic graph structure as in above example

< ( )=08 max{0.604y=max{ , ,(), @)
S 11 12 2 1 2
L etosones ooz | /éy s it is not a neutrosophic cubic graph structure.
- Proposition 3.9: Let =
(1 2 11 120 21 2210001 1 2) be the P-union of | =
Figur cn nion of twa Neutrosophic cublc ( 1 11 21r-+s 1) and 2 —( 21 121 221+t 2). Then every
graph structure ‘ neutrosophic cubic graph structure . =( , 1, ..., )ofthe isthe
P-union of a neutrosophic cubicv graph structure , of 4, and a
Proposition 3.7 The P-union of two neutrosophic cubic graph structures is neutrosophic cubic graph structure  , of 5.
again a neutrosophic cubic graph structure. Proof. We define M;, ,, iand ,for =12,..., as;
Proof.let 1 =( 1, 11, 210+ Dand  ,=( 2 12, 220+ . 2) if 1
be two neutrosophic cubic graph structures defined on ;= ()= (0)
(1 100 1200 p)and 5> =( 2 21, 220000, , ) respectively.Since all O= )
the conditions for , are satisfied automatically hence, we only if 2
verify conditions for 2 12,..., .Let 1 n , then () ="()
(G Q0 )= {.0) L,C» L0)= ()
. . . . if 1
.00 07,08 (=" ()
. = . . )= ()
¢ .00 0508 T
= {C, 20,0 20} TL0H)=" ()
(G HC )=max{ () ,( )} TL0H)=" ()
smax{max{ () ,()}rmax{ () (O} sothat 5, , ,and  are neutosophic cubic setson ;, , ;and
=max{max{ () ,OOrmax{ () ()} also = ;and = ,for =12,..., . Now for
=max{( , 200 D@ ; =12and =12,..., ,wehave
¢, D0 )= {.0) C»n ()= )
. .. {O7 (»
{ .0 0% {.0) OO = { ) %
{050 05,08 ()= ()
VOLUME XX, 2018 9
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{ O %
= t Oy O%

Similarly we can prove it for (,) and (, ). So =

C 10 2000 ) is a neutrosophic cubic graph structure of ; =
1,2. Thus a nuetrosophic cubic graph structure of = » is the P-
union of the neutrosophic cubic graph structures ; and . This completes
the proof. 3 3
Definition  3.10:Let 1=(C 1 11 210--» 1) and =
(2 120 220, 2) be two neutrosophic cubic graph structures defined
on 1=C1 110 1200 1) and 2=(2 21 220+, 2)
respectively. P-join is denoted by ;+  , and is defined by

1t 2=(C 1 11 21 D+ (20 120 22000 2)
( 1+ 20t 12 at 22, 1t 2)

(2 DF (2 2C1 1)+ (120 12)

(210 200+ (220 22)-s (1 )+ (2 2)}

(1+ 2 1+ 2)(u*t 120 ut 12
(2t 220 22 22)000, ( 1+ 2 1+

((~ 1+ 20 1t 2)’(~1+ 2' 1t 2)'(~ 1+ 20 1t 2))’

(E n+ 122 nut 12)’( 1+ 12 1t 12)'( n+ 120 ut 12)'

»

( 21+ 22 21t 22)’(~21+ 22" 21F 22)'( 21+ 22 21t 22) """

{(~ it 2 1+ 2)'( it 20 a1t 2)'(~ it 2 1+ 2))}

where (i) if 12

.+ DO=C, 20)

Cor 0=C, DO

(., JO)=(, 20)

G+ 0=, 0O

.+ O)=(C, 20)

€+ )0=0, 20)
(ii) if 1 2 =12,...,

C .+ )=, 20 )

Cov 0)=C, D)

.+ DO)H)=C, 20 )

(v D)=, )

C .+ J)H)=C, 20 )

C .+ p0)=C , 20 )
(iii) if where is the set of all edges joining the vertices of ; and
2; =12,...,

C.+ 0= .07 .(n

C o+ C)=min{ () ()

.+ NO)= {.0) ()

.+ pC)=min{ () (%}

.+ )= {.0) O

¢+ N0 )=min{ () ,L()}
Definition 311 Let 1 =( 1, 11, 21...+) ) and L=
( 2 120 220+ ») be two neutrosophic cubjcgraph structures defined
on 1=C1 110 12004, 1) and 2=(2 21 22000, 2)
respectively. R-join is dgnotedvby 1+ 5 andis defined by

1+ 2=
( 1 11y 21s0s 1)+( 2y 12y 22y 2)
( 1+ 20 ut 120 2t 220 1+ 2)

(1 )+ (2 2(1 1% (120 12)

(21 20+ (220 22)0, (1 D+ (2 2)}

1+ 201+ 2)(Cu*+ 120 u+ 12
(2% 220 ;o 22)000, ( 1+ 2 1+ 2)

}

VOLUME XX, 2018

(G N (R N GRS )2
((~ 1+ 120 1ut 12)’( 1+ 12' 1+ 12)’( 1+ 12 1t 12)'

( 21+ 220 21t 22)’( 21+ 220 21t 22)’( ~21+ 22! 2t 22) """

{(~ 1+ 2 1+ 2)’(~ 1+ 2 1+ 2)'( 1+ 2 1+ 2)) }
where (i) if 12 B B B
.+ DO)=C, 20)
.+ )0)=(, 20)
.+ DO)=(, 20)
o+ DO=0C, O
.+ DO)=C, 20)
.+ D0O)=(, 20)
@it 4 5 =12 .
{( g0 )=C 20 )
Cor 0)=C, )0
{( T 0)=0 20 )
Cor D0)=C, )
{( S0 )=, 20 )
C + H0)=C , 20 )
(i) if ,where is the set of all edges joining the vertices of ; and
2 =12,...,
{(~ O = .07 ,00n
Cor D) =maqd (), ()}
{( St (0 )= {.0) L)}
Cor DC)=maqd () (O}
{( o)) = {.0) L)}
C .+ D0 )=max{ () ,()}

Proposition 3.12 The P-join of two neutrosophic cubic graph structures is
again a neutrosophic cubic graph structure.

Proof. Straightforward.

Definition 3.13Let 1 =( 1, 11, 21,..., Dand  , =
») be two neutrosophic cubic graph structures defined

on ;1 =(1 11, 120, 1)andv2=(2v~21v 22500 2)
[espegtively. The cross product is denoted by ;. , and is defined by

1 2=(C 1 11 2109 1) (2 120 220000 2)
=(1 20 11 120 21 2210+ 1 2)

Lo Caa 1) a1, )
( 21 21) (22! 22) !!!! ( 1 l) ( 21 2)

1 2 B

{( 21 22y 21 22) rrrr ( 1 2 1 2)}

(ST Y S Y ST )

(S 11 12’ 11 12)'( 11 12! 11 12)'E 11 12’ 11 12)’

( 21 22 21 22)'( 21 22" 21 22)'( 21 22" 21 22) """

{(~ 1 2! 1 2)’(~ 1 2! 1 2)'(~ 1 2! 1 2)) }

where (i) if 1% 2 B _ _
C, D)= {.0) L0}
C, DC)H)=max{ () ,()}
C, "0 )H)= 07,0
C, JHC)=max{ () ()

C, 0= {7,007,

., JC)=min{ () ()}

(ii)if 4 pand ;5 2 =12,...,

« . D102 2= {~ (1 2),~ L1 2)}
(G . D102 2= max{N (1 z)v~ ,C1 2)}
(., d1d(22= { (12, (12}
(., i d(z22)=max{ (12) ,(12)}
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(N1 Nz)(ll)(zz): {~ 1(12)v~2(12)}
C . DCidCz22=min{ (12 ,(12}

Example: Let ~ ;=( 1, 11, 21) and  ,=( 5 1) be two
neutrosophic cubic graph structures defined on , and , respectively,
where
{ ,([0.4,0.5],0.3),([0.3,0.41,0.6), ([0.6,0.7],0.5)},
= {,([0.2,0.3],06),([0.4,05],0.2),([0.1,0.2]0.3)}, 1
{ ,([0.4,0.6],0.3),([0.5,0.6],0.3), ([0.7,0.8],0.2)}

{ .([0.2,0.3],0.6),([0.3,0.4],0.6),([0.6,0.71.03)} 2
{ .([0.20.3],06),([0.4,05],0.3), ([0.7,0.8],0.2)}

and
_ {.,([0.2,0.3],05),([0.6,0.71,0.1), ([0.5,0.6] 0.4)},
27 { ,([05,0.6],0.2), ([0.7,0.8],0.3),([0.1,0.2],05)} 12
= { ,([0.2,0.3],05),([0.6,0.71,0.3), ([0.5,0.6],0.4)}
Then ; =, willbe

1% (10.20.3105), ([0.3.0.41,0.6), ([0.6,0.7],0.4)},
(€. ).(10.4051,03), ([0.3,041,06), ([0.60.71.05)},
_ {(. ).([02,0.3],0.6),([0.4,0.5],0.2),([0.5,0.6],0.3)},
= {( . ).(10.203].06),([0405],03). ([0102]03)}, 11 12
(. )([0203]05), ([0506]03).([0.7,0.8,0.2)},
{( ).([0406]03) ([0506]03),([0.7.0.8].0.2)}
_ {C. (. ) ([02,0.3]0.:6),([0.30.4]0.6), ([0.6,0.7],0.3)},
~ {(. ), )([0203]06),([0.3,04]06),([0607]03)} 2
D3O ) ([0.20.31,06), ([04,051,0.3), ([0.7,081.0.2)},
27 (). ).([0203]06).([0.405]03),([0.7.0.8,0.2)}

Proposition 3.14 The cross product of two neutrosophic cubic graph
structures is again a neutrosophic cubic graph structure.

Proof. Let 1 =( 1, 11, 21, Dand 2=( 2 12 221 . 2)
be two neutrosophic cubicv graph structures defined on ;=

(1 110 1204, 1) and 2=(2 21 22000 2 )  respectively.

VOLUME XX, 2018

Condition is obvious for ;
12,..., ,where

e (Y G G )
Weconsi(jerfon; 11 cand 5, 5 2 =12,...,
( 1 2)(12)(12)2 { 1(12)’ 2(12)}
GV 3 L0 (2}
G R ) S G G R )
= {1, (1), (22
C . DCidCa2d=max{ (12 ,(12}

2hmad (1), (2}
(2}

1 2(2 2}
L) and (©

. Therefore we verify for ;| 2, =

[N

max max{ ,( 1),
LC0hmax{ (o)
= max{ 1 L1 1)
Similarly we can show it for (| ,,
This completes the proof.

max max{ ,( 1),

1 2! 1 2)'

Definition 315 Let 1 =( 1, 11, 20,-0s D and L, =
( 5 120 220 ») be two neutrosophic cubic graph structures defined

on 1=C1 110 1200 1) and v"z=§2, 21y 2210 2)
respectively. The strong product is denoted by~ ; , and is defined by

1 2:( 1r 11 21y 1) ( 21 12y 22y 2)
2)

_( 1 2y 11
€D (o2 N 1) Ciz 2
Con o) ComooD o ) Co o)

( 1 2r 1 21)1( 11 12y 11 12)!
(21 220 21 22) ----- ( 1 21 1 2)

oo 20 o 20 o 2
{((~ 11 12! 11 12)’ (N 11 12' 11 12)’ (~ 11 12! 11 ZLZ))Y

(( 21 22" 21 22)’( 21 22" 21 22)’( ~21 22" 21 22)) """

((~ 1 2 1 2)’(N 1 2! 1 2)’( 1 2! 1 2))}
where (i) if 1% B B
. L0 )=0, 20 )= {.0) (%
. 0)=C D0 )=max{ () ()}
TLL0)=C, 0= .0 7,00
. L0 )=0, D0 )=
max{ ,(), ()}
L= C, 0= .07 ,(n
L)=0, D0 )=min{ () ()}
(i) if and 5, g =12,
1 2( D 2)=( 1 2)( ~1)( 2)
= {.0) (12}
. L0 D0 =0 20 )0 2)
=max{ () ,(12)}
L0 C=C, TC D D= {07,002
. 20 D0 2=C D0 DC =max{ (), ,(12)}
L0 2=C, T 2
= {.0) (12}
. L0 D0 2)=C | L0 D)0 2)
=min{ () (12}
gii) if 15 , and o2 ~=1,2 .....
. L01)(2)=0C 2)(1)(~2)

{127,000
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. (1)) =C D01)(2)
=max{ (12, ()}

C, "0 2)= { (12 ,()
C o 0oy =max{ (12) ()}

2(1)(2)
2(1)(2)

1 2(1)(2)=(~1 :2)(1)(3)
= { (12 ()
1 2(1)(2)2(1 2)(1)(2)
=min{ (12 ()}
(JV)If 12 1and 12 2,~=1,2 .....
1 2(11)(22)=( 1 2)(11)(22)
= { G2 (12}
1 2(11)(22)=( 1 2)(11)(22)

=max{ (12, (12}

Nl 2(11)(22)=( 1 :2)(112(22)
= { 1( 12) 2( 1 2)}
1 2(11)(22):( 1 2)(11)(22)
. = I’Tlax{ 1~( 12), ,(12)}
1 2(11)(22)2( 1 2)(112(22)
= { 1( 12) 2( 1 2)}
1 2(11)(22)2( 1 2)(11)(22)
=min{ (12 ,(12)}

Example: Let ~ 1=( 1, 11, 21) and  ,=( 5 12) be two
neutrosophic cubic graph structures defined on , and , respectively,
where
{ ,([0.4,0.5],0.3),([0.3,0.41,0.6), ([0.6,0.7],0.5)},
= {,([0.2,0.3],0.6),([0.4,05],0.2),([0.1,0.2]0.3)}, 1,
{ ,([0.4,0.6],0.3),([0.5,0.6],0.3), ([0.7,0.8],0.2)}
{ ,([0.2,0.3],0.6),([0.3,0.4],0.6),([0.6,0.7],0.3)} 51
_{ .,([0.2,0.3],0.6),([0.4,0.5],0.3),([0.7,0.8],0.2)},
~ { ,([0.4,0.5],0.3),([0.3,0.4],0.6), ([0.7,0.8],0.2)}

d
o _ { ,([0.2,03],0.5), ([0.6,0.7],0.1), ([0.5,0.6],0.4)},
27 1 ([0506]0.2),([0.7,0.8]0.3), ([0.1,02],05)} *
= { ,([0.2,0.3],0.5),([0.6,0.7],0.3), ([0.5,0.6],0.4)}

N

Then ;  ,willbe
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{C, §,([0.2,0.3],0.5),([0.3,0.4],0.6),([0.6,0.7],0.4)},
{C, ).([0.4,0.5],0.3),([0.3,0.4],0.6), ([0.6,0.7],0.5)},
{C, ),([0.2,0.3],0.6), ([0.4,0.5],0.2), ([0.5,0.6],0.3)},
~ {(, ). ([0.2,0.3],06),([0.4,05],0.3),([0.1,0.2],0.3)}, ** 12
{C, ),([0.2,0.3],0.5), ([0.5,0.6],0.3), ([0.7,0.8],0.2)},
{C, ), ([0.4,0.6],0.3), ([0.5,0.6],0.3), ([0.7,0.8],0.2)}
{C, ), ).([02,03],06),([0.304],0.6),([0.6,0.7],0.3)},
= {C, )(, ),([02,03],06),([0.304],0.6),([0.6,0.7],0.3)},
{C, ), ).([02,0.3],05),([0.3,0.4],0.6),([0.6,0.7],0.4)}

21 12
{C., )(, ).([0.2,03],0.6),([0.4,0.5].0.3),([0.7,0.8] 0.2)},
= {(, )(, )}([0203],06) ([04,05],0.3),(0.7,0.8]0.2)},
{C. (. ).([02,0.3]086),([0.4,05],0.3),(0.50.6],0.3)}

Proposition 3.16 The strong product of two neutrosophic cubic graph
structures is again a neutrosophic cubic graph structure.

Proof. Let 1 =( 1. 11, 21,0 vand 2 =( 2 12, 2200, 2)
be two neutrosophic cubic~ graph structures defined on ;=
(GTETETI 1) and o =(2 21, 22000 2 ) respectively.
Condition is obvious for ». Therefore we verify for P
12,..., ,where
1. 2 - -
:{(( 1 2! 1 2)'( 1 2! 1 2)’( 1 2! 1 2))}

(i) Let iand 3, o =12,

1 2( DO )= { l(~),~ 2(1 2)}~ .
{C.0) (€ ,CC L
{ C.O 0 CO™Lm
= {C, D0 D).(C 20, 2)}
o L(C DC 2=max{( () ,(120}
smax{( () max(( ,(1).C ()}

max{max(( ,( ). ,( ))max(C (). (20}
=max{( , )0, ).(C, ) 2}

land~ 2 . 5
(1)2)= { (127,00
{ W) 2D L0}

£ Cu 00 (20,00
= O, o000,
s G N =mad( (12 L)
<maximax( (1), ,(2) ()}

max{max( ,( 1), 2(—)),max( (2 LN}
=max{( ,  )(1)( ,

(i) Let ; »

D@D

202}
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(iii) Let ; , 1and~1 P . =12,...,
. . 1 2( 1002 2)=
{ (12 (12}

{ C.(D .

{ C.(07 ()

CLCD7 (0
C (2

SO ()
©, C,
(12 (a2

“)(22)

. L0112 2) =maX{

smax{max( (1), ,(2)( (1) (D)}
=max{max( (1), (). ,(2), (20}
=max{( , 201 1),~( 1 D02 2}
Similarly we can also show this for ( , , , ,) and
C 1 2 1 ) Thiscompletes the proof.
Definition 317 Let 1 =( 1, 11, 210..+) D and L, =
(2 120 220, 2) be two neutrosophic cubic graph structures defined
on 1=C1 110 1200 1) and 2=(2 210 220+ 2)
respectively. The lexicographic product is denoted by ; , and is
gefingd by
1 2:( 1r 11y 21+ 1)(2 12y 221+ 2)
=(1 2011 1221 22 2)
_((1 l)(2 2)(11 11)(12 12)
(21! 21) (221 22) 1111 ( 1 l) ( 21 2))
=1 21 2)(1n 120 11 12)
(21 22y 21 22) 1111 ( 1 21 1 2))
Coo 220 s 20, 1)
((~ 11 12! 11 12)’(~11 12! 11 12)’(~ 11 12! 11 12)’
(~ 21 22 21 22)'(~21 22" 21 22)’(~21 22' 21 22) """
{(N 1 2! 1 2)’(~ 1 2! 1 2)’(~ 1 2 1 2)) }
Where @iy if 1% 2 . .
LL0)=C, T = {.0) 0%
LL00=C, )=
max{ () ()}
L) =C, TR0 )= {,0)7,(n
1,0 )=C, D0 )y=max{ () ()}
L) =C, TR0)= .07,
L 0)=C DO )=min{ () ()}
(i) if cand 4 5 2 =12, B B
L LC D0 D=0, 70 D )= {.0) (120}
000 2=C 0 D0 D0 d=max{ () (12}
L0 =C, T 0 D D)= 7,07, 2
L0 D0 2=C D0 D0 2=
max{ () (1 2}
L0 D=C, TN D )= {.0)7 012}
s L0 DC)=0 ;)0 D0 2)=min{ () ,(12)}
(|||)|f 12 ,and 4 2 2 =12,
LoD D=C 7 )0 D5 2)
= { G2 (120}
L L1 )(22)=C D102 2)
=max{ (12 ,(12}
Ni 2(11)(22)=(~1 )(11)(22)
= (12 (12}
12(11)(22):(1 )(11)(22)
= max{ 1( 12), ,(12)}
~1 2(11)(22)=(~l ~~2)(11)(~22)
= { (12 (120}
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1 2(11)(22)=( 1

= min{

D01 (2 2)
(12) (12}

Example: Let ~ ; and ~ ,be two neutrosophic cubic graph structures as
shown in figure:13. Then their lexicographic product will be

(C2),(02031,05), ([0.3.0.4],0.6), ([0.6.0.71,0.4)},
{C ., ),([0.4,05],0.3),([0.3,0.4],0.6), ([0.6,0.7],0.5)},
{C, ),([0.2,0.3],0.6), ([0.4,0.5],0.2), ([0.5,0.6],0.3)},
{C . ),([0.2,0.3],0.6),([0.4,05],0.3),([0.1,02],0.3)}, L 12
{( ., ). ([0.2,0.3],05), ([0.5,0.6],0.3), ([0.7,0.8],0.2)},
{C, ). ([0.4,0.6],0.3), ([0.5,0.6],0.3), ([0.7,0.8],0.2)}

{C. (. ).([0.203],0.6),([0.3,04],0.6),([0.6,0.710.3)},

= {(, )(, ) ([02,03],06) ([0304]06),([0607]03)}, 5 1
{C, )(, ) ([0.2,03],0.5),([0.3,0.4]0.6), ([0.6,0.7],0.4)}

- 1, )(, ).([0.2,03],06),([0.4,0.5],0.3),([0.7,0.8],0.2)},

~ {(. (. ).([0.20.3].06),([0.4,05].0.3), (0.5,0.6],0.3)}

Proposition 3.18 The lexicographic product of two neutrosophic cubic
graph structures is again a neutrosophic cubic graph structure.

Proof.Let 1 =( 1, 11, 210 vand” ,=( 2 12 2., o 2)
be two neutrosophic cubic graph structures defined on ;=
(1 o110 120000 1) and 2=C2 210 22000 2 ) respectively.
Condition is obvious for , . Therefore we verify for ; 5 =
12,..., ,where B B

1 2 ={(( 1020 1 2)*( 1 2 1 2)'( 120 1 2))}
(i) Let cand | 5 2 =12,

L0 D0 2= { «( ), ,(1 2)} .

{C .( ) (GNE TGN E));
O GO RN )} CLO 7,00

= {C, 70 D(C, "0 28
1 (O DC 2)=ma{( (), (12}
smax{( ,().max(( ,( ).C ,( 2}

max{max(( ,( ). ,( ))max(C (). (20}
=max{( , (. ), ) 2}

(iLet ; and 3 o =12,
12(11)(22)= { 1(12), 2(12)}
{ LD, (GG EH)):
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{ €. 00 (2 7,2}
= {C, 2 DC, D22
;LG dC22)=max{ (12 ,(12)}
s max{max( (1), ,(2)( (1) (20}
=max{max( (1), (). (2), (D)}
=max{( , )(1C, D022}

Similarly we can show it for (* | yand ,)- This
completes the proof.

2! 1 1 2 1

1V.  Application in Multiple Attribute Group Decision Making
Problem

In this section we discuss a multiple attribute group decision making
problem and developed an algorithm.

Graphs are very important in daily life and allow us to study the behavior of
something quickly. Graphs allow us to make a mental image of the data, so
we can say that graphs help us to build a bridge between the abstract and the
real. For too long we as humans have taken too much work upon our
shoulders, its time to simplify our life and to use the best tool for the job.
Graphing is one of these tools that might be used in such circumstances.
Graphs are used in everyday life, from the local newspaper to the magazine
stand. In computer science graphs are used to represent the flow of
computation, used to measure the trafficking to a site, also used in fraud
detection etc. So it is one of these skills that you simply cannot do without
the help of graphs. Graphs can help us and make our life simpler from
student to professionals. Fuzzy graph theory has been used in the world of
Mathematics due to its effective applications.

We first provide an algorithm and then we discuss an example.

Algorithm:

1.Selecttheset ={ 1, 5,..., }ofalternatives as a vertex set from the
problem which is under study and select the membership grade for each
element in the vertex set based on certain attributes.

2. Select the set 1} of attributes or criteria as the
set of edges.

3. Use the Definition 3.1 of neutrosophic cubic graphs structures for finding
the membership grade of each , for =1,23.... .

4. After having the values of and , draw the graph.

5. Find the strength of each edge using the following definition and comapre
them,

={ 1 210 31+

Definition 4.1 Let = { 14} be a edge having neutrosophic cubic value
and we define strength of edge as
OD=H(a+ - W+Ca+ 11— D+ u+ - ul
where [-3,3].
This is same as the score of a neutrosophic cubic numbers. Here we used it
for the graphs instead of numbers in terms of neutrosophic cubic sets.
Example: Neutrosophic cubic graphs have vast applications in industries as
discussed in [24]. Neutrosophic cubic graph structures have more vast
applications in daily life, industries, economy and in foreign policy etc. The
foreign policy of a country 