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Operations on Interval Valued Neutrosophic Graphs

Abstract

Combining the single valued neutrosophic set with graph theory, a new graph model emerges,
called single valued neutrosophic graph. This model allows attaching the truth-membership (t),
indeterminacy—membership (i) and falsity- membership degrees (f) both to vertices and edges.
Combining the interval valued neutrosophic set with graph theory, a new graph model emerges,
called interval valued neutrosophic graph. This model generalizes the fuzzy graph, intuitionistic
fuzzy graph and single valued neutrosophic graph. In this paper, the authors define operations of
Cartesian product, composition, union and join on interval valued neutrosophic graphs, and
investigate some of their properties, with proofs and examples.
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1. Introduction

The neutrosophy was pioneered by F. Smarandache (1995, 1998). It is a branch of philosophy
which studies the origin, nature, and scope of neutralities, as well as their interactions with different
ideational spectra. The neutrosophic set proposed by Smarandache is a powerful tool to deal with
incomplete, indeterminate and inconsistent information in real world, being a generalization of
fuzzy set ( Zadeh 1965; Zimmermann 1985), intuitionistic fuzzy set (Atanassov 1986; Atanassov
1999),interval valued fuzzy set (Turksen 1986) and interval valued intuitionistic fuzzy sets
(Atanassov and Gargov 1989).The neutrosophic set is characterized by a truth-membership degree
(t), an indeterminacy-membership degree (i) and a falsity-membership degree (f) independently,
which are within the real standard or nonstandard unit interval 170, 17[. If the range is restrained
within the real standard unit interval [0, 1], the neutrosophic set easily applies to engineering
problems. For this purpose, Wang et al. (2010) introduced the concept of single valued
neutrosophic set (SVNS) as a subclass of the neutrosophic set. The same author introduced the
notion of interval valued neutrosophic sets (Wang et al. 2005b, 2010) as subclass of neutrosophic
sets in which the value of truth-membership, indeterminacy-membership and falsity-membership
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degrees are intervals of numbers instead of real numbers. The single valued neutrosophic set and
the interval valued neutrosophic set have been applied in a wide variety of fields, including
computer science, engineering, mathematics, medicine and economics (Ansari 2013a, 2013b,
2013c;Aggarwal 2010;Broumi 2014;Deli 2015;Hai-Long 2015;Liu and Shi 2015;Sahin 2015;
Wang et al. 2005b;Ye 2014a, 2014b,2014c).

Graph theory has now become a major branch of applied mathematics and it is generally
regarded as a branch of combinatorics. Graph is a widely used tool for solving combinatorial
problems in different areas, such as geometry, algebra, number theory, topology, optimization and
computer science. To be noted that, when there is uncertainty regarding either the set of vertices
or edges, or both, the model becomes a fuzzy graph. Many works on fuzzy graphs, intuitionistic
fuzzy graphs and interval valued intuitionistic fuzzy graphs (Antonios K et al. 2014; Bhattacharya
1987; Mishra and Pal 2013; Nagoor Gani and Shajitha Begum 2010; Nagoor Gani and Latha 2012;
Nagoor Gani and Basheer Ahamed 2003;Parvathi and Karunambigai 2006; Shannon and
Atanassov 1994) have been carried out and all of them have considered the vertex sets and edge
sets as fuzzy and /or intuitionistic fuzzy sets. But, when the relations between nodes (or vertices)
are indeterminate, the fuzzy graphs and intuitionistic fuzzy graphs fail to work. For this purpose,
Smarandache (2015a, 2015b, 2015¢c) defined four main categories of neutrosophic graphs. Two
are based on literal indeterminacy (I): I-edge neutrosophic graph and I-vertex neutrosophic graph.
The two categories were deeply studied and gained popularity among the researchers (Garg et al.
2015,Vasantha Kandasamy2004, 2013, 2015) due to their applications via real world problems.
The other neutrosophic graph categories are based on (t, 1, f) components and are called:(t, 1, f)-
edge neutrosophic graph and (t, i, f)-vertex neutrosophic graph. These two categories are not
developed at all.

Further on, Broumi et al. (2016b) introduced a new neutrosophic graph model, called single
valued neutrosophic graph (SVNG), and investigated some of its properties as well. This model
allows attaching the membership (t), indeterminacy (i) and non-membership degrees (f) both to
vertices and edges. The single valued neutrosophic graph is a generalization of fuzzy graph and
intuitionistic fuzzy graph. Broumi et al. (2016a) also introduced neighborhood degree of a vertex
and closed neighborhood degree of a vertex in single valued neutrosophic graph, as a
generalization of neighborhood degree of a vertex and closed neighborhood degree of a vertex in
fuzzy graph and intuitionistic fuzzy graph. Moreover, Broumi et al. (2016c¢) introduced the concept
of interval valued neutrosophic graph, as a generalization of single valued neutrosophic graph, and
discussed some properties, with proofs and examples. In addition, Broumi et al.(2016¢) introduced
the concept of bipolar single valued neutrosophic graph, as a generalization of fuzzy graphs,
intuitionistic fuzzy graph, N-graph, bipolar fuzzy graph and single valued neutrosophic graph, and
studied some related properties.

In this paper, researchers’ objective is to define some operations on interval valued neutrosophic
graphs, and to investigate some properties.
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2. Prelimmaries

In this section, the authors mainly recall some notions related to neutrosophic sets, single valued
neutrosophic sets, interval valued neutrosophic sets, fuzzy graphs, intuitionistic fuzzy graphs,
interval valued intuitionistic fuzzy graphs, single valued neutrosophic graphs and interval valued
neutrosophic graphs, relevant to the present work. The readers are referred for further details to
(Broumi et al. 2016b;Mishra and Pal 2013;Nagoor Gani and Basheer Ahamed 2003;Parvathi and
Karunambigai 2006;Smarandache 2006;Wang et al. 2010;Wang et al. 2005a).

Definition 1 (Smarandache 2006)

Let X be a space of points (objects) with generic elements in X denoted by x; then the
neutrosophic set A (NS A) is an object having the form A = {< x: Tp(x), (%), FA(X)>, x €X},
where the functions T, I, F: X—]70,1"[ define respectively a truth-membership function, an
indeterminacy-membership function, and a falsity-membership function of the element x €X to
the set A with the condition:

T0STA()+ [a()+ FA(0)< 3", (1)

The functions Ty (X), [5(x) and F4(X) are real standard or nonstandard subsets of ]70,1"[.

Since it is difficult to apply NSs to practical problems, Wang et al. 2010 introduced the concept

of a SVNS, which is an instance of a NS and can be used in real scientific and engineering
applications.

Defimition 2 (Wang et al. 2010)

Let X be a space of points (objects) with generic elements in X denoted by x. A single valued
neutrosophic set A (SVNS A) is characterized by truth-membership function Tp(x), an
indeterminacy-membership function I5(x), and a falsity-membership function F4(x). For each
point x in X, Tp(X), [a(x), FA(X)E [0, 1]. A SVNS A can be written as

A= {<x: Tao(x), [a(X), FA(X)>, x € X}
2)
Definition 3 (Wang et al. 2005a)

Let X be a space of points (objects) with generic elements in X denoted by x. An interval valued
neutrosophic set (for short IVNS A) A in X is characterized by truth-membership function T, (%),
indeteminacy-membership function I (x) and falsity-membership function F,(x). For each point
x in X, one has that

Ta(x) = [TaL(x), Tau(X)],

Ia() = [Lar (%), Lay ()],

Fa(x) = [Fa (%), Fay (x)] €[0, 1], and

0 < T (x)+ Ly (X)+ Fo()< 3. 3)
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Defimition 4 (Wang et al. 2005a)
An IVNS A is contained in the IVNS B, A € B, if and only if
TaL(x) < Tp(x), Tay(x) < Tpy(x),
Ia(x) 2 Ip (%), Ly (X) = Ipy(x),
Fy (X) = Fpr(X), Fpy(x) = Fpy(x), for any x in X. 4)
Definition 5 (Wang et al. 2005a)
The union of two interval valued neutrosophic sets A and B is an interval neutrosophic set C,
written as C = A U B, whose truth-membership, indeterminacy-membership, and false

membership are related to those A and B by
Ter(x) = max (Tyr(x), Tpi(x))
Tey(x) = max (Tyy(x), Tpy(x))
Iep(x) = min (I (x), IpL(X))
Iey(x) = min ([yy(x), Ipy(x))
Fer(x) = min (Fy(x), FpL(X))
Feyp(x) = min (Fay(x), Fgy(x)), for all x in X. (5)

Defimition 6 (Wang et al 2005a)

Let X and Y be two non-empty crisp sets. An interval valued neutrosophic relation R(X, Y) is a
subset of product space X X Y, and is characterized by the truth membership function Tx(X, y),
the indeterminacy membership function Ix(X, y), and the falsity membership function Fr(X, y),

where x € X and y € Y and Tx(x, y),Ir(X, ¥),Fr(X, y) € [0, 1].

Definition 7 (Nagoor Gani and Basheer Ahamed 2003)

A fuzzy graph is a pair of functions G = (o, 1), where o is a fuzzy subset of a non-empty set V and
i is a symmetric fuzzy relation on o, i.e.c: V — [ 0,1] and p: VxV—[0,1], such that p(uv) <
o(u) Ao(v), for all u, v € V where uv denotes the edge between u and v and o(u) Ac(v) denotes
the minimum of o(u) and (V). o is called the fuzzy vertex set of G andp is called the fuzzy edge

set of G.
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Figure 1: Fuzzy Graph

Definition 8 (Nagoor Gani and Basheer Ahamed 2003)
The fuzzy subgraph H=(,p) is called a fuzzy subgraph of G =( &, p) if 1(u) < o(u) forallue Vv
and p(u, v) < p(u, v) forallu,veV.

Definition 9 (Parvathi and Karunambigai 2006)

An Intuitionistic fuzzy graph is of the form G=<V,E> where V={v;,v,,....,v, } ,such that y;:V—
[0,1] and y1:V— [0,1] denote the degree of membership and non-membership of the elementv; €

V, respectively, and

0< p1(vy)*+y1(vy))< Lforevery v; € V,(i=1, 2,....... n), (6)
E < VxVwhere u,:VxV—[0,1]and y,:VxV—- [0,1] are such that u,(v;,vj)< min[uq (v;),Hq(vj)]
and )/Z(Vi')v]')2 max[yl(vi)5y1(vj)]a and

0=<uy(vi,vj)+ty(vi,vj)<I for every (v;,vj) €EE,(i,j =1.2,....... n)(7)

v,(0.1,0.4) ©.1,0.4) v,(0.3,0.3)
e 0.3,0.6) z
g =
4(0.4, 0.6) v3(0.2, 0.4)
(0.1,0.6)

Figure 2: Intuitionistic Fuzzy Graph
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Defimition 10 (Mishra and Pal 2013)

An interval valued intuitionistic fuzzy graph (IVIFG) G= (A, B) satisfies the following
conditions:

1.V= {vy ,v5,... ,v,} such that My; :V—[0, 1],Myy;:V—[0, 1] and N,;:V—-[0,1],
Nyy:V—-[0, 1] denote the degree of membership and non-membership of the element y € V,
respectively, and

0< My(x) +Ny(x) <I forevery x € V
®)

2.The functions Mg;:V x V =[0, 1],Mpy:V x V =0, 1] and Ng;:V x V -[0,1], Ngy:V x
V -0, 1] are denoted by

Mg, (xy) < min [My; (x), May (¥)], Mgy (xy) < min [Myy(x), May(y)]

Npp(xy) = max [Np;(x), Np.(¥)], Npy(xy) = max[Npy(x), Npy(¥)]
such that 0< Mg(xy) + Ng(xy) <1, forevery xy €E 9)

Figure 3: Interval valued intuitionistic graph

Definition 11 (Broumi et al. 2016b)

A single valued neutrosophic graph (SVN-graph) with underlying set V is defined to be a pair
G= (A, B), where:

1.The functions T4:V—[0, 1], I4:V—[0, 1] and F4:V—[0, 1] denote the degree of truth-
membership, degree of indeterminacy-membership and falsity-membership of the element v; € V,
respectively, and

0< Ty (v;) + L(v;) +E4(v;) <3, forall v; € V (i=1, 2, ....n) (10)

2. The functions Tg: ES VXV =[0, 1,Izg: ECS VXV -=[0,1]and Fz: ES V xV =3[0,
1] are defined by
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Ts({vi, v;}) < min [T4(vy), Ta(v))],
Ig({vi, vj}) = max [I4(v;), [,(v;)] and
Fg({vi, v;}) = max [Fy(v;), F4(v))] (1T)

and denote the degree of truth-membership, indeterminacy-membership and falsity-
membership of the edge (v;,v;) € E respectively, where

0< T({vi, v;}) + Is({vi, viD+ Fp({vy, v}) <3,
forall {v;,v;} €E(G,j=1,2,...,n). (12)

“A”1s called the single valued neutrosophic vertex set of V, “B” - the single valued neutrosophic
edge set of E, respectively. B is a symmetric single valued neutrosophic relation on A. The notation
(v;,v;)is used for an element of E. Thus, G = (A, B) is a single valued neutrosophic graph of G*=

(V. E), if :
Tg(vi, vj) < min [Ty(v;), Ta(vj)],

Ig(v;, vj) = max [I4(v;), I4(v;)] and

Fg(v;, v;) = max [F4(v;), Fa(v;)], forall (v;,v;) EE (13)
©:5,0.1.04) (0.6,0.3,0.2)
(0.2,03.,04)
v
N

(0.1,0.2 ,0.5)

V4

5\
(0.3, 0.3,0.4)

(0.2, 0.3 ,0.5)

(0.4, 0.2,0.5) (0.2,0.3,0.4)

Figure 4: Single valued neutrosophic graph

Definition 12 (Broumi et al. 2016b)
Let G = (A, B) be a single valued neutrosophic graph. Then the degree of a vertex v is defined
by d(v)= (dr(v), d;(v),dr(v)), where
dr(V)=Luzv Te(W, V), d;(V)=Duzr [p(w, v) and dp (V)=Lyzy Fe(w,v)  (14)
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Defimition 13 (Broumi et al. 2016b)
A single valued neutrosophic graph G= (A, B) and G" is called strong neutrosophic graph
Tg(vi, vj) = min [Ty (v;), Ta(v})]
Ip(vi, vj) = max [I4(v;), La(v))]
Fg(vi, vj) = max [Fy(v;), Fy(v;)] forall (v;, v;) € E. (15)
Definition 14 (Broumi et al. 2016b)

The complement of a strong single valued neutrosophic graph G on G* is strong single valued
neutrosophic graph G on G* where

1.V=v

2.T4(v)= Ta(),[a(v)= 1y (v),Fa(v)= Fa(v), v; € V.

3.Ts(v;, v;)=min [T4(v), Ta(v;)]-Ts(vi, v})

I(v;, v))=max [1,(v), I1(v;)]-1s(vi, v;) and

Fp(v, vj)= max [Fy(v;), F4(v;)]-Fs(vi, v)), for all (v, v;) €E. (16)
Defimition 15 (Broumi et al. 2016b)

A single valued neutrosophic graph G = (A, B) is called complete, if:

Tg(v;, vj)= min(Ty(v;), Ta(v))),

Ig(v;, vj)= max(ly(v;), 14 (v)))

and Fg(v;, vj)= max(F4 (v;), Fy(v))), for every vy, v; € V. (17)
Example 1

Consider a graph G*= (V, E) such that V= {a, b, ¢, d} , E= {ab ,ac ,bc, cd}. Then, G= (A, B)
is a single valued neutrosophic complete graph of G*.

(0.7, 0.3 ,0.2)
(0.6,0.2 ,0.3)

(0.6, 0.3 ,0.3) (
b

(0.5, 0.3, 0.3)

0.7, 0.3 ,0.2)
(05,02, 0.3)

(0.6, 0.2, 0.3)

(0.5,0.1,0.3)
(0.8, 0.1,0.2) (0.5, 0.1 ,0.3)

Figure 5: Complete single valued neutrosophic graph
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3. Operations on Interval-Valued Neutrosophic Graphs
Throughout this section, G* = (V, E) denotes a crisp graph, and G - an interval valued neutrosophic
graph.
Definition 16
By an interval-valued neutrosophic graph of a graph G*=(V,E)one means a pair G=(A,B), where
A=<[Tyur, Tav], [, Lav ], [Far, Fay]>is an interval-valued neutrosophic set on V and B=< [Tj;,
Tgyl, [IgL, Igy ], [FgL, Fgy] > is an interval-valued neutrosophic relation on E satisfying the
following condition:

1.V={vy,v5 ,...,v,} such that Ty;:V—=[0, 1],T4y:V—=[0, 1], I4;,:V—=[0,1],145:V—][0, 1] and

F41:V—[0,1], F4y:V—[0, 1] denote the degree of truth-membership, the degree of indeterminacy-
membership and falsity-membership of the element y € V, respectively, and

0< Ta(vi)+ Ia(v;) +Ea(v;) <3,
for everyv; € V. (18)

2. The functions Tg;:V x V =[0, 1],Tgy:V x V =3[0, 11,15,V x V =3[0, 1],Igy:V x V =[O0, 1]
and Fp;:V x V =[0,1], Fgy:V x V -[0, 1], such that

T (vi, vj) < min [Ty, (vy), Tar(v))]
Tpy (v, v;) < min [Tyy (v;), Tay (v))]
Ip (vi, vj) = max [l (v;), I, (v))]
Ipy (vi, vj) 2 max [Igy (v;), Ipy (v))]
and
Fg1 (v, vj) = max [Fg (v;), Fp (V)]
Fgy (v, vj) = max [Fgy (vy), Fgy(v;)] (19)

denote the degree of truth-membership, indeterminacy-membership and falsity-membership of
the edge (v;,v)) € E respectively, where

0< Tg(v;, vj) + Ig (v, v))+ Fg(v;, vj) <3,

for all (v;, v;) € E. (20)
Example 2

Figure 5 is an example for IVNG, G = (A,B) defined on a graph G*= (V, E)

such that V = {x, y, z}, E = {Xy, yz, zx}, A is an interval valued neutrosophic set of V
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A={<x,[0.5,0.7],[0.2,0.3],[0.1, 0.3]>, <y, [0.6, 0.7],[0.2, 0.4], [0.1, 0.3]>, <z, [ 0.4, 0.6],[0.1,
0.3],[0.2, 0.4],>}, and B an interval valued neutrosophic set of ECV xV

B={ <xy, [0.3, 0.6], [0.2, 0.4], [0.2, 0.4]>, <yz, [0.3, 0.5],[0.2, 0.5], [0.2, 0.4]>, <xz, [0.3,
0.51,0.3, 0.5],0.2, 0.4]>}.

<xz,[ 0.3, 0.5], [ 0.3, 0.5], [ 0.2, 0.4]>
<x,[0.5,0.7],]0.2,0.3], [ 0.1, 0.3]> <z.[0.4,0.6],]0.1,0.3], [ 0.2, 0.4]>

<yz,[ 0.3,0.5],[ 0.2, 0.5],[ 0.2, 0.4]>

<xy.[ 0.3,0.6],10.2,04],[ 02, 04>

<y, 0.6,0.7],]02,0.4],10.1, 03>

Figure 6: Interval valued neutrosophic graph

By routine computations, it is easy to see that G=(A,B) is an interval valued neutrosophic graph of
G*.
Here, the new concept of Cartesian product is given.

Definition 17

Let G* = G{xG,=(V, E) be the Cartesian product of two graphs where V = V;xV,and E= {(x,
x3) (x, y2) /Ix € Vy, x5y, € E;} U{(x1, 2) (y1,2)/z € V,, x1y1 € Eq}; then, the Cartesian product
G=G1xG, =(A;*xA,, B1*B, ) is an interval valued neutrosophic graph defined by

1) (Ta,0XTa,1) (%1,%2) = min (Ty, 1 (x1), Ta,1(x2))
(Ta,uXTa,u) (x1,%2) = min (Ty, y(x1), Ta,u(x2))
(Lay1X1a,1) (x1,%2) = max (Ig,;(x1), 1a, 1 (X2))
(Layux1a,u) (x1,%2) = max (Iy, y(x1), La,u(x2))
(Fa,1XFa,1) (x1,%2) = max (Fy, 1 (x%1), Fa,1(x2))
(Fa,uXFa,u) (x1,%2) = max (Fy, y(x1), Fa,u(x2))

for all (xq,x,) EV.
21)

2) (TBlLXTBZL) ((x,x2)(x,y2)) = min (TAlL(x): TBZL(sz’z))
(TBlUXTBzU) ((,x2)(x,y2)) =min (TAlu(x): TBZU(nyZ))
(I, . X1p,1) ((x,x2)(x,y2)) = max (4,1 (%), Ig,(x2Y2))
(Ig,uX1p,y) ((x,x2)(x,y2)) = max (I, y(x), Ip,u(x2Y2))
(FBlLXFBzL) ((x,%2) (x,y2)) = max (FAlL(x)a FBZL(nyZ))
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(Fp,uXFg,u) ((x,x2)(x,y2)) = max(Fy, y(x), Fg,u(x2¥2)),

VXE Vl,szyz S Ez.
(22)

3) (T, XTg,1) ((x1,2) (y1,2)) = min (Tg, 1, (X1Y1), Ta,1(2))
(Tg,uXTg,u) (x1,2) (y1,2)) = min (Tg, y (Xx1Y1), Ta,u(2))
(I, %XIp,1) ((x1 ,2) (¥1,2)) = max (Ig, 1 (X1Y1), 1a,1.(2))
(Ip,uX1p,u) ((x1 ,2) (y1,2)) = max (Ig, y (X1Y1); La,u(2))
(Fp,1XFg,1) (%1 ,2) (¥1,2)) = max (Fp,  (X1Y1), Fa,.(2))
(Fp,uXFp,y) ((x1 ,2) (¥1,2)) = max (Fp,y (x1y1), Fa,v(2))
VzeV, Vxy, € E;. (23)
Example 3
Let G{= (A4, B;) and G,= (A,, B,) be two graphs whereV; ={a, b}, V, ={c, d},E; ={a, b} and
E, ={c, d}.Consider two interval valued neutrosophic graphs:

Ay={ <a, [0.5, 0.7], [0.2, 0.3], [0.1, 0.3]>, <b, [0.6, 0.7],[0.2, 0.4], [0.1, 0.3]>},
B,={ <ab, [0.3, 0.6], [0.2, 0.4], [0.2, 0.4]>};

A,={ <c, [0.4, 0.6], [0.2, 0.3], [0.1, 0.3]>, <d, [0.4, 0.7],[0.2, 0.4], [0.1, 0.3}>1,
B,={ <cd, [0.3, 0.5], [0.4, 0.5], [0.3, 0.5]>1.

<a,[.5,.7),[2. 3], [.L, 3]
<b, [.6,.7].[.2, 4L [.1. 3>

<ab,[3, 6],[.2, 4].[2, 4>

Figure 7: Interval valued neutrosophic graph G

<c,[4, 6],[2, 3][.1. 3> <6, [4, 7.2, 4111 3P

<cd, [.3, .5, [4, 51.[.3. .5]>

Figure 8: Interval valued neutrosophic graph G2
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<ag, [4,.6], [.2,.3], [.1, .3]> <(ac,be), [.3, .6], [.2, .4], [.2, 4]> <bc, [4, .6), [.2, 4], [.1, .3]>
A A
i w
o )
] -«
+ =
- @
o “
) =
= 2
” =
] <
2 v
v
<ad, [.4,.7], [.2, 4], [.1, .3]> <(ad,bd), [.3, .6], [.2, .4], [.2, .4]> <bd, [.4,.7], [.2, 4], [.1, .3]>

Figure 9: Cartesian product of interval valued neutrosophic graph

By routine computations, It is easy to see that G1xG2 is an interval-valued neutrosophic graph of

Gi*Gj.

Proposition 1

The Cartesian product G1xG2=( A;*xA,, B;XB, ) of two interval valued neutrosophic graphs of

the graphs GyandG, is an interval valued neutrosophic graph of G{*xG;.

Proof. Verifying only conditions for B, xB,, because conditions for A; xA, areobvious.

Let E= {(x,x3) (x,Y2) /x € V1,x5Y5 € E3} U{(xq, 2) (V1,2) /z € V3,11 € Eq}

Considering (x,x;) (x,y,) € E, one has:
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(TBlL XTBZL) ((x,x3) (x,y2)) = min (TAlL(x ), TBZL(nyZ )) < min (TAlL(x ),
min(TAzL(xZ)aTAzL(yZ))) = min(min (TAlL(x)aTAZL(xZ))s min (TAlL(x)aTAZL(:YZ)))

=min ((Ta, . XTa,1) (€,%2),(Ta, 1. %Ta,1) (X,¥2))s (24)

(TBlUXTBZU) ((x,x2) (x,y2)) = min (TAlU(x)’ TBZU(nyZ )) < min (TAlu(X)»
min(TAzU(xZ)aTAzU(YZ))): min(min (TAlu(x)aTAzU(xZ))a min TAlu(x)aTAZU(YZ))): min
(Ta,u=Ta,v) (%,%2),(Ta,u*Ta,u) (X,Y2))s (25)

(Ip,.X1g,.) ((x,x3) (x,y2)) = max (I, (%), I, (x2y2)) = max (I, (x),
maX(IAZL(xz)JAZL(Yz))) = max(max (IAlL(x)aIAzL(xZ))a max (IAlL(x)aIAZL(yZ))) = max
((Ta,.%1a,1) (esx2),(La, 1 %1a, 1) (X,Y2)), (26)

(IBlUXIBZU) ((x,x2) (x,y2)) = max (IAlu(x), IBZU(nyZ)) = max (IAlU(x)a
maX(IAzU(xZ )JAZU(Yz))): max(max (IAlU(x)aIAZU(XZ )), max (IAlU(x)oIAZU(yZ))) =
max ((La, u>*la,u) (X,%2),(La, u*1a,u) (X,Y2))s (27)
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(FBlLXFBzL) ((x,x32) (x,y,)) = max (FAlL(x): FBZL(nyZ )) = max (FAlL(x):
maX(FAZL(xZ):FAZL(yZ))) = max(max (FAlL(x)aFAzL(xZ))a max (FAlL(x)aFAzL(yZ))) =
max ((Fy, 1 %Fa,1) (x,%2),(Fa,1%Fa,1) (x,¥2)), (28)

(Fp,uXFp,y) ((x,%2) (x,y2)) = max (Fy y(x), FBZU(nyZ)) = max (Fy y(x),
maX(FAZU(xZ)aFAZU(yZ))) = max(max (FAlU(x)aFAZU(xZ))a max (FAlU(x)aFAZU(YZ))):
max ((Fa, y*Fa,u) (X,%2),(Fa,u*Fa,u) (x,y2)). (29)

Similarly, for(x4, z) (y4, z)€ E, one has:

(TBlLXTBzL) ((x1, 2) (¥1,2)) = min (TBlL(xlyl)a TAZL(Z))S min (min(TAlL(xl)a
Ta,.(V1))),Ta,1(2))) = min(min (T, (x),Ta,(2)), min (Ty,,(¥1),T4,.(2)))= min
((Ta,1%Ta,1) (%1,2),(Ta 1. %Ta, ) (V1,2)), (30)

(TBlUXTBzU) (%1, 2) (¥1,2)) = min (TBlu(x1J’1)a TAZU(Z)) < min (min(TAlU(xl),
TAlU(yl)))aTAZU(Z)))Z min(min (TAlu(x)aTAzU(Z))a min (TAlU(Y1)aTA2U(Z))) = min
(Ta,u*Ta,u) (X1 ,2),(Ta,v*Ta,v) V1 ,2)), (3D

(IBlLXIBzL) (%1, 2) (y1, 2)) = max (IBlL(x1Y1)a IAZL(Z))2 max(max(IAlL(xl),
IAlL(yl)))aIAzL(Z))) = max(max (IAlL(x)sIAzL(Z))a max (IAlL(yl)aIAZL(Z))) = max
((La,1¥a, 1) (x1,2),(La, %14, 1) (V152)) (32)

(IBlUXIBZU) ((x1, 2) (¥1, 2)) = max (IBlU(xl:VI)a IAZU(Z)) = max (max(lAlU(xl),
1A1U(}’1))),1A2U(Z))) = max(max (IAlU(x)aIAzU(Z)): max (IAlU(yl)aIAZU(Z))) = max
((Ta,u*la,v) (x1,2),(Ia,u*1a,v) (V1,2)) (33)

(Fp,1XFp,1) ((x1,2) (¥1,2)) = maX(FBlL(x1Y1)a FAZL(Z)) = max (max(FAlL(xl)a
FAlL(yl)))aFAzL(Z))) = max(max (FAlL(x)aFAZL(Z))a max (FAlL(yl)aFAZL(Z))) = max
((Fa,.*Fa,1) (X1 ,2),(Fa,1.%Fa,1) (V1 ,2)), (34)

(Fp,uXFp,u) ((x1, 2) (¥1, 2)) = max (FAlU(x1Y1)> FBZU(Z))2 max (max(FAlU(xl),
FA1U(3’1)))»FA2U(Z))) = max(max (FAlU(x)aFAZU(Z))a max (FAlu(yl)vFAZU(Z))) = max
((Fa,u*Fa,u) (x1,2),(Fa,u%Fa,u) (¥1,2)). (35)

This completes the proof.

Definition 18
Let G* = G{xG,=(V;xV,, E) be the composition of two graphs where E= {(x, x,) (x, y,) /x €

Vi, Xy2 € B3} U{(x1, 2) (V1,2) /2 €V, x1y1 € E1}U {(x1, X2) (Y1, ¥2) |X1y1 € Eq, X2 #
¥, }.then the composition of interval valued neutrosophic graphs G,[ G,] = (A1 ¢ 4,, By ° B,) is

an interval valued neutrosophic graphs defined by:

1. (TAlL ° TAZL) (x1,X2) = min (TAlL(xl), TAZL(xZ)) (36)
(TA1U ° TAZU) (%1,X2) = min (TAlU(xl): TAZU(xZ))
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(1A1L ° IAZL) (%1,x2) = max (IAlL(xl): IAZL(xZ))

(1A1U ° IAZU) (%1, x2) = max (IAlU(xl)a IAZU(XZ))

(FAlL ° FAZL) (%1, X2) = max (FAlL(xl): FAZL(xZ))

(FA1U ° FAZU) (%1, X) = max (FAlU(xl)a FAZU(xZ)) VX, €EVy,xp €V

2. (Tg,y ° Tg,1) ((x,x2)(x,y2)) = min (TAlL(x)a TBZL(nyZ)) (37)
(T31U ° TBZU) ((x, x2)(x, y2)) = min (TAlU(x)a TBZU(nyZ))
(I, 1 © Ip,1) ((x, x2)(x, y)) = max (IAlL(x)a IBZL(nyZ))
(131U ° IBZU) ((x, x2)(x, y,)) = max (IAlU(x), IBZU(nyZ))
(FBlL ° FBZL) ((x,x2) (x,y2)) = max (FAlL(x): FBZL(nyZ))
(Fg,u © Fp,u) (x,x2)(x,y2)) = max (Fy y(X), Fp,y(x2¥2)) V x € V1, Vx,y;, € Es;

3. (Tg,1 ° Tg,1) ((%1,2) (¥1,2)) = min (TBlL(xlyl)o TAZL(Z))
(38)

(T31U ° TBZU) ((%1,2) (¥1,2)) = min (TBlU(xlyl): TAZU(Z))

(131L ° IBZL) ((%1,2) (¥1,2)) = max (IBlL(xlyl)a IAZL(Z))

(181U ° IBZU) ((x1,2) (y1,2)) = max (IBlu(x1J’1)a IAZU(Z))

(FBlL ° FBZL) ((x1,2) (¥1,2)) = max (FBlL(x1Y1)a FAZL(Z))

(F31U ° FBZU) ((%1,2) (y1,2))= max (FBlU(x1Y1)> FAZU(Z)) VzeV,, Vxy; € Ey;

4. (T, 1 ° Tp,1) ((X1,x2) (¥1,¥2)) = min (T, 1 (x2), Ta,.(V2), T, 1(X1Y1))
(39)

(Tp,u © T,u) (X1,%2) (V1,Y2)) = min (T, y (*2), Ta,u (¥2), Tp,u(X1¥1))
(I, 1 © Ip,1) (X1,%2) (V1,¥2)) = max (I, 1 (X2), La,1 (V2), Ip, 1. (*1Y1))
(Ig,u ° Ig,u) ((X1,%2) (V1.Y2)) = max (Ly,y (X2), La,u (¥2), Ip,u (X171))
(Fp,1 © F,1) (x1,%2) (¥1,Y2)) = max (Fa,1(x2), Fa,1(¥2), Fp,1(*¥1¥1))

(F31U o Fp,y (x1,%2) (¥1,Y2)) = max (FAZU(XZ ), FAZU(yZ ), FBlU(x1Y1 ))s
YV (x1,%2) (¥1,¥2) € E®-E,where E°=E U {(x1,X2) (¥1,¥2) [X1¥1 € E1, %2 # Y, }.
Example 4

Let G;= (V1, E;) and G;= (V,, E,) be two graphs such that V; ={a, b}, V, ={c, d} ,E; ={a, b}
and E, ={c, d}. Consider two interval-valued neutrosophic graphs:

A={<a,[0.5,0.7],[0.2,0.3],[0.1, 0.3]>, <b, [0.6, 0.7],[0.2, 0.4], [0.1, 0.3},
B;={<ab, [0.3, 0.6], [0.2, 0.4], [0.2, 0.4]>};

A,={<c,[0.4,0.6],[0.2,0.3], [0.1, 0.3]>, <d, [0.4, 0.7],[0.2, 0.4], [0.1, 0.3},
B,={<cd, [0.3, 0.5],[0.2, 0.5], [0.3, 0.5]>.
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<a,[.5,.7],[.2, 3. [.1. 3>

<b,[6,.7),[2, 4], .1, 3
<ab, [.3, 6], .2, 4].[.2, 4>

Figure 10: Interval valued neutrosophic graph G:

<c,[4, 6],[.2, 3], [.1. .3]>

<d,[4, 7.2, 4], [.1. 3>
G, <cd, [.3, .51, [.2, 5], .3, 5>

Figure 11: Interval valued neutrosophic graph G2

<ac, [4. 6. [.2, 3LL.1. 3]~ <(acbe), [.3, 61,12, 4] 3, 4> <be, [4, 6], [.2, 4L[1. 3]

\ <(ac,bd), [.3, 6], [.2, 41.[.2, 4> /

<(adac), [.3, 51, [.2 SLI.3, 51>

<(bc.ad), [.3,.6]. [.2, 4].[.2. 4]~

é <(bd,be), [.6,.7], [.2,-4],[.1, 3>

14, 71,12, 411, 3>

<ad. [4,.71. 12, 3LLL 3P caqpd), 1.3, 6], [2. 41L2, 4]

Figure 12: Composition of interval valued neutrosophic graph.
Proposition2
The compositionG,[ G,] =(4; ° A,, By © B,) of two interval valued neutrosophic graphs of the

graphs Gyand G is an interval valued neutrosophic graph of G;[G5].

Proof. Verifying only conditions for B; o B,, because conditions for A; o A, are obvious. Let
E= {(x,x2) (x,y2) /%1 € Vi, X2¥2 € Ez} U{(X1,2) (V1,2) /2 € Vo,x1y1 € E;}.Considering(x,xz)
(x,y,) € E, one has:

(TgroTg,) (x,%2) (x,y2)) = min (TAlL(x )> TBZL(nyZ )) < min (TAlL(x ),
min(Ty,,(x2),Ta,1 (¥2)))= min(min (Ty, (%), Ty,1(x2)), min (Ty, 1 (x),Ty,.(¥2)))= min
((TAlL ° TAZL) (xaxz),(TAlL ° TAZL) (%,¥2)), (40)
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(T31U ° TBZU) ((x,x2) (x,y2)) = min (TA1U(x )> TBZU(nyZ )) < min (TA1U(x ),
min(Ty,y(x2),Ta,u (¥2))= min(min (Ty, y(x),Ta,u(x2)), min (Ty,y(x),Ta,y(y2)))= min
((Ta,u © Ta,u) (X,Xz),(TAIU o Tyu) (x,y2)), (41)

(IBlL olp, ) ((x,x3) (x,y;)) = max (IAlL(x )> IBZL(nyZ )) = max (IAlL(x ),
max( IAZL(xZ )aIAzL(yZ ))) = max(max (IAlL(x )aIAzL(xZ )), max (IAlL(x ), IAzL(yZ ) =
max((lg, 1 © la,1) (x,%2),(La, 1 © 1a,1) (X,Y2)), (42)

(IBIU ° IBZU) ((x,x2) (x,y,)) = max (1A1U(x ), IBZU(X2Y2 )) = max (IAlu(X )>
maX(IAzU(xZ),IAZU(YZ))) = max(max (1A1U(x)aIA2U(x2))a max (IAIU(x)aIAzU(yZ))) = max
((1A1U °ly,y) (xaxz)a(IAlU °lp,u) (x,52)), (43)

(Fg,p°Fp,) ((x ,x3) (x,y,)) = max (FAlL(x)a FBZL(XZYZ )) = max (FAlL(x):
maX(FAZL(xZ)aFAzL(YZ))) = max(max (FAlL(x):FAZL(xZ))a max (FAlL(x)aFAZL(yZ))) = max
((FAlL ° FAZL) (xaxz),(FAlL ° FAZL) (x,y2)), (44)

(Fp,u° Fpu) ((x,x2) (X, )) = max (FAlU(x ), FBZU(nyZ )) = max (FAlu(x ),
maX(FAzU(xZ ):FAZU(yZ ))) = max(max (FAlU(x)aFAZU(xZ ), max (FAlu(x)sFAzU(yZ ) =
maX((FA1U ° FAZU) (x,xz),(FA1U ° FAZU) (%,Y2))- (45)

In the case (x4, z) (y41, Z)€ E, the proof is similar.

In the case (x1,X;) (y1,Y2) € E°-E.

(TBlL ° TBZL)((xlaxZ) (¥1,y2)) = min (TAZL(xZ)a TAZL(yZ): 7115'1L(x13’1))S min (TAZL(XZ):
TAZL(yZ ),min (TAlL(xl )> TAlL(yl ))) = min(min ( TAlL(xl )> TAzL(xZ )), min
(Ta, . (¥1),Ta, . (¥2))) = min (T, 1, © Ta,1) (x1,%2),(Ta, 1 © Ta,) (V15Y2)),  (46)

(T31U ° TBZU) ((x1,x%2) (¥1,y2)) = min (TAZU(xZ ), TAZU(yZ ), TBlL(xlyl )) < min
(TAZU(XZ ), TAZU(}’Z ),min (TAlU(xl ), TA1U(Y1 ))) = min(min (TAlU(xl ),TAZU(xz )), min
(TAlu(yl)oTAzU(YZ))) = min ((Ta,v © Ta,u) (x1=x2)a(TAlu ° Ta,u) (V1,Y2)),(47)

(Ig,1 © Ip,1) (%1 ,x2) (V1 ,¥2)) = max (IAZL(xZ)a IAZL(.VZ)a IBlL(xlyl)) = max (IAZL(xZ)a
IAZL(yZ ),max (IAlL(xl ), IAIL(yl ) = max(max ( IAlL(xl )> IAzL(xZ )), max

(IAlL(Y1)JA2L(Y2))) = max ((IAlL ° IAZL) (x1,x2)a(1A1L ° IAZL) (¥1-Y2))s (48)

(Ip,u ° Ip,u) ((x1,X2) (¥1,¥2)) = max (IAZU(XZ)o IAZU(yZ)s 115’1L(X1y1))2 max (IAZU(XZ):
IAZU(YZ ),max (IA1U(X1 ), IAlu(Y1 ) = max(max ( IAlu(x ), IAZU(xZ )), max
(IAlu()’1)JA2U(3’2))) = max ((IA1U ° IAZU) (x1ax2),(1A1U ° IAZU) (y1-¥2)), (49)

(Fpy1 © Fpyr) ((x1 ,x2) (¥1,Y2)) = max (Fa,1(x2), Fa,.(¥2), Fp,1(x1y1)) = max
(Fay(x2), Fa,(y2);max (Fy, 1 (x1), Fa,1(¥1))) = max(max (Fy, (%), Fa,(x2)), max
(FAlL(Y1),FA2L(J’2))): max ((FAlL ° FAZL) (x1ax2)>(FA1L ° FAZL) (y1,¥2)), (50)
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(F31U ° FBZU) ((x1,%2) (¥1,¥2)) = maX(FAZU(xz) , FAZU(yZ)a FBlL(xlyl)) = max
(Fa,u(x2), Fa,u(y2).max (Fy,y(x1), Fa,u(¥1))) = max(max (Fy y(x),Fa,y(x2)), max
(FAlu(YD»FAzU(YZ))) =max ((Fa,y ° Fa,u) (xlaxZ)v(FAlU ° Fpu) (¥1,Y2)- (51)

This completes the proof.
Definition 19
The unionG; U G,= (A1 U A,, B; U B, ) of two interval valued neutrosophic graphs of the graphs

G{andGjis an interval-valued neutrosophic graph of G; U G;.

1) (Ta, U Ta,) (x)=Ta(x) if xeVandx ¢ V,,
(Ta, L U Ta,r) (x) =Ty, (x) ifxgV,andx € V,,
(Ta, Y Ta,p) (x) = max (Ty, 1 (%), Ta, (%)) ifx € VNV,
(52)
2) (Ta,u YU Ty,y) (x)=Ty,u(x) if xEVyandx & V,,
(Ta,u VU Ty,p) (x) =Ty, y(x) ifx&V;andx € V,,
(Ta,u U Ty,p) (x) =max (Ty, y(x), Ta,y(x)) ifx € VNV,
(53)
3) (I, Y la,1) (x):IAlL(x) if xeVyandx ¢ V,,
(Lpyp U Layp) () = I, (%) ifx g V, and x € V,,
(Iay1 Y lgy) () =min (Iy 1 (x), I4,, (X)) ifx € VNV, (54)
4) (IA1UUIA2U) (x)=IA1U(x) if xeVyandx ¢ V,,
(Lpyw U Lap) () = Lo,y (%) ifx g V, and x € V,,
(Ia,u Y La,y) (x) = min (I y(X), la,y(x) ) ifx €V, NV,
(55)
5) (Fap U Fa,) (x) = Fy (%) if xeVyandx & V5,
(Na,L U Ng,p) (x) = Fy,(X) ifxgV;andx € V,,
(Ng,1 U Ny,1) (x) =min (Fy, (%), Fp, . (x) ) ifx€VINV,,
(56)
6) (Fa,uV Fa,y) (x) =Fy y(x) if x€EViandx &€ V5,
(Fa,u U Fap) (%) = Fa,y(X) ifxgV,andx € V,,
(Fa,u VU Fa,p) (x) = min (Fy, y(x), Fp,y(x) ) ifx €V NVy,
(57)
7) (Tp,L VU Tg,1) (xy)=Tp, 1 (xy) if xy € Ejand xy € Ej,
(Tp, VU Tg,1) (xy) =Tg,.(xy) if xy € E7 and xy € Ej,
(Tp, VU Tp,1) (xy) =max (Tp,;(xy), Tp,.(xy) ) ifxy€ E; NE,, (58)
8) (T, Y Tg,y) (xy)=Tp,uy(xy) if xy € E; and xy € E,
(Tp,u Y Tg,y) (xy) =Tp,y(xy) if xy € E7 and xy € Ej,
(T,u Y Tg,y) (xy) = max (Tp,y(xy), Tp,y(xy) ) ifxy € E; N Ey,
(59)
9) (Ig,L Vlg,.) (xy) =Ip,(xy) if xy € E; and xy € E;,
(Ig,. U Mg, ;) (xy) = Ig,.(xy) if xy € E; and xy € Ej,
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(I, VU Ip,1) (xy) = min (Ig,; (xy), I, (xy) ) if xy € E; N Ey, (60)
10) (Ig,, U Ip,u) (xy) = I, y(xy) if xy € E; and xy € Ej,

(Ip,u Y Ip,p) (xy) = I,y (xy) if xy € E; and xy € E;,

(Ip,u Y Ip,p) (xy) =min (Ig, y(xy), Ig,y(xy) )  ifxy € E;NEy, (61)
11) (Fp,, U Fg,1) (xy) = Fp, 1 (xy) if xy € E; and xy € Ej,

(Fp,L U Fp,1) (xy) = Fp, (xy) ifxy € E; and xy € E,,

(Fp,L U Fp,1) (xy) = min (Fg ;(xy), Fg,. (xy) ) ifxy € E; NE,, (62)
12) (Fg,, U F,y) (xy) =F g,y (xy) if xy € E; and xy € E,,

(Fp,u U Fg,y) (xy) = Fg,y(xy) ifxy € E; and xy € E;,

(Fp,u U Fp,y) (xy) = min (Fg,y (xy), Fg,y(xy) ) ifxy € E; NE,. (63)
Proposition 3
Let G; and G, are two interval valued neutrosophic graphs, then G; U G, is an interval valued
neutrosophic graph.
Proof. Verifying only conditions for B; o B,, because conditions for A; o A, are obvious.
Letxy € E; NE,.
Then:

( Tg,1. U Tg,1, )(xy) = max( TBlL(Xy )> TBZL(Xy )) < max(min( TAlL(X ), TAlL(y ))s
min( Tp, (X ), Ta,1.(y ) = min(max( Ty, (X ), Ta,.(x)), max( Ty,1(y ), Ta,.(y)) =
min((Ty, ;, U Ta,1) (X), (Ta, Y Ta,) V))); (64)

( Tg,u U Tg,u )(Xy) = max( TB1U(XY ), TBZU(XY )) < max(min( TA1U(X ), TA1U(Y ))s
min( TAZU(X )> TAZU(y ))) = min(max( TA1U(X ) TAZU(X ), max( TA1U(Y )> TAZU(y ) =
min((Ty,y U Ta,u) (%), (Ta,u Y Ta,u) )); (65)

(Ig,LVUlp,, ) xy ) = min( Ig 1 (xy ), Ig,.(Xy )) = min(max( l5,1.(X ), Ia,.(¥ ));
max(la,,(x),1a,1(¥))) = min(min(la,1,(X),1a,L (X)), min(I,(¥),1a,1(¥))) = max((ls,, U
La,1) (%), (Ta, Y Lay) (0))); (66)

(Ig,uVUlg,u )(xy) = min( Ig,y(xy ), Ig,u(xy )) = min(max( 5, y(x), [a,u(y )
max(la,y(x),1a,u(y))) = max(min(la, y(x),1a,u (%)), min(ly, y(¥).la,u(y))) = max((ls,y U
Ly,p) (%), Ua,u Y La,0) (0))); (67)

(Fp,L UFg,, )(xy) = min( Fp 1(xy ), Fp,.(Xy )) = min(max( Fp, (X), Fa,.(¥)),
max( Fa,(X), Fa,0.(y))) = min(min( Fp (X ), Fa,1.(x)), min(Fa (¥ ), Fa,.(y)) =
max((Fy, L U Fa,1) (X), (Fa, U Fa,1) 0))); (68)

( Fg,u UFg,u )(xy) = min( FBlU(Xy ), FBZU(XY )) = min(max( FAlU(X )> FA1U(Y ))s
max( Fa,y(X), Fa,u(y)) = max(min( Fy,y(X), Fa,u(x)), min(Fa,y(y), Fa,u(¥)) =
max((Fp,y U Fa,u) (%), (Fa,u Y Fa,u) ). (69)
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This completes the proof.
Example 5

Let G{= (V4, E;) and G,= (V,, E;) be two graphs such that V; ={v,,v,,v3,0,, Us}.V,
={V1,V2,V3,V4 },E1 ={V1V;, V1Vs, Va3, UsVz, UsVy,VaV3} and E; ={v10;, V503, Vo0, V334,
v,v4}. Consider two interval valued neutrosophic graphs G,= (44, B;) and G,= (43, B>).

<[0.2, 0.3], [0.1, 0.4], [0.3, 0.4]>

(=)

<[0.1, 0.21, [0.3, 0.4], [0.3, 0.5]> <[0.1, 0.21, [0.2, 0.4], [0.4, 0.5]>

<[0.1,0.31, [0.2, 0.3], [0.2, 0.4]>

<[0.3, 0.4, [0.2, 03], [0.1, 0.4]>

<[0.1, 0.2], [0.3, 0.4], [0.3, 0.5]>

<[0.2,0.3], [0.3, 0.5], [0.2, 0.5]>

<]0.1,0.21, [0.3.0.41, [0.2,0.4]>

—

v
Va 3

<[0.1, 0.2], [0.2, 0.5], [0.3, 0.4]>

<]0.1, 0.4], [0.1, 0.3], [0.2, 0.3]> <[0.2, 0.3, [0.2, 0.4], [0.2, 0.5]>

Figure 13: Interval valued neutrosophic graph G

<[0.4, 0.6],] 0.1,0.2],[0.2, 0.3]>
<10.4,0.5,[0.1,03L10.1, 041> 192 03),1 0.2,0.51,[0.2, 0.4]>

° o

A

& 4
s =
= =
T W
= =
=] (=]
= =]
g <[0.2, 0.4],] 0.2, 0.3],0.2, 0.5]> g"
v \< / v

Va V3
<[0.2, 0.3],] 0.3 0.4],[0.2, 0.4]>
<[0.3, 0.6],] 0.2, 0.3],]0.2, 0.3]> <[0.2, 0.3],] 0.2, 0.4],[0.1, 0.2]>

Figure 14: Interval valued neutrosophic graph G:
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<[0.4, 0.5], [0.1, 0.4], [0.1, 0.4]>

<[0.2, 0.3], [0.2, 0.4], [0.2, 0.4
<[0.1, 0.2], [0.3, 0.4], [0.3, 0.5]>

<[0.4,0.6], [0.1, 0.2], [0.1, 0.3]>
<[0.1, 0.31, [0.3, 0.4], [0.3, 0.5]>

<[0.1,0.2], [0.2, 0.3], [0.2, 0.4]>

A
F
<
A o
3 =
= =
~ i
< =
Ly}
5 <[0.1,0.2], [0.3, 0.4], [0.3, 0.5]> el
- =
e =
< 5
= o
s ¥
- <[0.2, 0.4], [0.2, 0.3], [0.2, 0.5]>
=S V3
vV
Uy
<[0.2, 0.3], [0.2, 0.4], [0.2, 0.4]> <[0.2, 03], [0.2, 0.4], [0.1, 0.2]>

<[0.3,0.6], [0.1, 0.3], [0.2, 0.3]>

Figure 15: Interval valued neutrosophic graph Gi1UG:

Definition 20

The join of G; + G, = (A + A,, By + B,) interval valued neutrosophic graphs G; and
G,of the graphs G{andG, is defined as follows:

(Ta,L VU Ty,)(x) ifxeViul,

1) (TAlL + TAZL)(x) = TAlL(x) lfx € Vl (70)
Ty, (%) ifx €V,
(Ta,u U Ta,p)(x) ifx €V UV,
(Taw + Tay)() =1 Tayu(®) ifx € V;
Ta,u (%) ifx €V,
(Ua Nlg)(x)  ifx€VLUV,
Uagr + Iayn) ) =1 Lan(x) ifx eV,
La,1(x) ifx € V,
(Lo,y N1,)(x) ifx eV, UV,
sy + Iay0) ) =4 Lu(®) ifx €V,
Ly, y(x) ifx € V,
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(Fayp + Fay) ) =% Fa,n(x) ifx €Vy
Fy, (%) ifx ev,
(Fay NFy)(x) ifx €V, UV,
(Fa,u + Fa,p) (1) =4 Fau(®) ifx € Vy
Fy,y(x) ifxev,
(Tp,L UTp, )(xy) ifxy €E VE,
2) (Tg,p + Tg,1) (xy)= Tp,1(xy) ifxy € E; (71)
Tg,1(xy) ifxy € E,
(Tp,u U Tp,p)(xy) ifxy € E; UE,
(Tp,u + Te,p) (xy)=y  Tru(xy) ifxy € E;
Tg,u(xy) ifxy € E,
Up,. N1g, )(xy) ifxy € E; UE,
(g, +Ig,1) (xy)=1 Ip,.(xy) ifxy € Ey
IBZL(xy) ifxy € E,
U,y NIg,y)(xy) ifxy € E; VE,
(Ig,u + Ip,u) (xy)=y  Ipu(xy) ifxy € E;
Ig,y(xy) ifxy € E,
(Fp,L N Fp,1)(xy) ifxy € E; UE,
(Fp,1, + Fg,1) (xy)=y Fp,.(xy) ifxy € E;
FBZL(xy) ifxy € E,
(Fg,u N Fg,y)(xy) ifxy €EE,UE,
(Fp,y + Fg,p) (xy)=1 Fpu(xy) ifxy € E
Fp,y(xy) ifxy € E,
3) (Tg,r + Tg,1) (x y) = min (Tg, 1 (x), T, (x)) (72)

(Tg,u + Tg,y) (xy) = min (Tg, y(x), Tg,y (X))
(g, + Ig,1) (xy)=max (Ip,,(x), 15, (x))
(Ip,u + Ip,u) (x y) = max (Ig,y (x), I,y (x)
(Fp,1 + Fg,1) (xy)=max (Fg, (x), Fg,(x))
(Fp,u + Fp,y) (x y) = max (Fg y(x), Fg,y (x))ifxy € E',
where E' is the set of all edges joining the nodes of V; and V,, assumingl/; N V,=@.
Example 6
Let Gik: (V]_, El) and G;: (Vz, Ez) be two graphs SUCh that V]_ :{ul,uz,ug},VZ :{Ul,vz,v3},E1
={u Uy, uyu3} and E, ={v,v,, v,v3}. Consider two interval valued neutrosophic graphs G;= (4,
Bl) and GZZ (Az, Bz)
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<[02,03), [0.1, 03], [0.2, 0.4 <[0.2, 0.4], [0.2, 0.3], [0.1, 0.5]>
<[0.2, 03], [0.3,.4], [0.3, 0.5]> <[0.1,0.2], [0.2, p.4], [0.2, 0.5]>
uy <[0.2, 0.5], [0.3, 0.4], [0.3, 0.5]> Ga <[0.2, 0.3], [0.1, 0.3], [0.2, 0.4]>
<[0.1,0.2], [0.3, ]0.5], [0.4, 0.5]> <102, 0.3}, [0.3, 0.4], [0.2, 0.5]>
<[0.1, 0.2], [0.2, 0.4], [0.2, 0.5]> <[0.2, 0.5}, [0.1, 0.2}, [0.1, 0.2]>

Figure 16: Interval valued neutrosophic graph ofG: and G2

<[0.2, 0.4], [0.2, 0.3], [0.1, 0.5]>
<[0.2, 0.3}, [0.1, 0.3], [0.2, 0.4]>

<12, 3] [.2, .3]. [.2, .5]>

-1,.3), .2, 4> <2, 4], |.2, .3,

4.1, .2], [.2, 41.).2, 5>

\UD <1.2,.3], [.1, 3], [.2, .4]>

<[.2,.3], [.3, 4},|[.2, .5]>

)

<[0.1,0.2], [0.2, 0.4], [0.2, 0.5]> <[0.2, 0.5], [0.1, 0.2], [0.1, 0.2]>

<[.2,.3], [.3, 41, [1.3, .5]>

<[.2, .3], [.3, .4], .3, .5~
e
Uz

<|1, .21, 1.3, .51 1.4, .5]>

<12,.3], [-1,.3], [-2, .4]>

<[.2,.3], [.3, .4]. [.3, .5]>

<|.2,.5], 1.3, 4T

<[0.1, 0.2], [0.2, 0.4], [0.2, 0.5]>

Figure 17: Interval valued neutrosophic graph of G1 + G2
5. Conclusion

The interval valued neutrosophic models give more precision, flexibility and compatibility to the
system as compared to the classical, fuzzy, intuitionistic fuzzy and neutrosophic models. In this
paper, the authors introduced some operations: Cartesian product, composition, union and join
on interval valued neutrosophic graphs, and investigated some of their properties. In the future,
the authors plan to study others operations, such as: tensor product and normal product of two
interval valued neutrosophic graphs.
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