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Abstract

Dominating energy of graphs plays a vital role in the field of application in energy. Results by applying
neutrosophic graph theory is more efficient than other existing methods. So, dominating energy of neutrosophic
graphs will also give more accurate results than other exixting methods in the field of energy. This article introduces
dominating energy of neutrosophic graphs. Dominating energy of a neutrosophic graph, dominating neutrosophic
adjacency matrix, eigen values for the dominating energy of a neutrosophic graphs and complement of neutrosophic
graphs are defined with examples. Also, dominating energy in union and join operations of neutrosophic graphs are
developed and some theorems in dominating energy of a neutrosophic graphs are derived here.

Keywords: Neutrosophic graph, dominating energy of neutrosophic graph, eigen values for dominating energy of a
neutrosophic graph.

1.Introduction

Fuzzy set plays a vital role in the area of interdisciplinary research. Fuzzy graph relation was introduce by
Zadeh[20] and it has many real world applications. Rosenfield[12] used fuzzy relations on fuzzy sets and derived
the structure of fuzzy graphs.

Recently, intuitionistic fuzzy set area takes important rule from normal mathematics to computer sciences,
information sciences and communications systems. Spectrum of graphs is used in statistical physics problems and in
combinatorial optimization problems. Spectrum of a graph also plays an important role in pattern recognition, virus
propagation in computer networks and in secure datas in databases. The spectrum of a graph is used in the field of
of energy.

Let d; be the degree of it? vertex of G, i=1,2,.....,n. The spectrum of graph G consisting of A;,A,,....... Ap 18
the spectrum of its adjacency matrix[3]. The Laplacian spectrum of the graph G consisting of py,l,,....... ,Up is the
spectrum of its Laplacian matrix.

The following relations are satisfied by ordinary and laplacian graph eigen values.
Z{Ll }\i = 05 Z?=1 }\12 = Zma 2{1:1 Wi = Zma
Lo =2m+ 3L, df

The study of domination in graphs was Started in 1960,. C.F.De jaenisch[2] tried to find the minimum
number of queens required to cover a nXxn chess board in 1862,. The independent domination number in graphs was
established by Cockayne[1]. Domination in graphs has many applications in several fields. A.Somasundaram and
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S.Somasundaram[17] introduced domination in fuzzy graph in terms of effective edges. Domination using strong
arcs was introduced by A Nagoorgani and V.T.Chandrasekaran[4]. R.Parvathi and G.Thamizhenthi[6] developed
dominating sets, dominating number, independent set, total dominating and total dominating number in intuitionistic
fuzzy graphs. In[19] Vijayragavan et.al developed the dominating energy in products of intuitionistic fuzzy graph.
Many authors introduced various concepts and their applications of neutrosophic theory in
[3,5,7,9,10,11,14,15,16,18,22,23,24,25,26,27,28]

Domination in Neutrosophic graphs are more convenient than fuzzy and intuitionistic fuzzy graphs, which
is useful in the field of traffic and communication systems, because the neutrosophic set is a generalization of fuzzy
and intuitionistic fuzzy sets. Also neutrosophic concept plays an important role in real world applications when
uncertainty and inderminacy occur. The results obtained by using neutrosophics sets are more accurate than fuzzy
and intuitionistic fuzzy sets. Dominations in neutrosophic graphs was introduced by M.Mullai [21].

The energy of a graph is used in quantum theory by relating edge of a graph with electron energy of a class
of molecule and many applications in the field of energy. Similarly energy of fuzzy graphs and intuitionistic fuzzy
graphs are applied in many fields. Dominating energy is more efficient in the field of energy. Compared to
dominating energy of fuzzy graphs and intuitionistic fuzzy graphs, dominating energy of neutrosophic graphs is
more efficient by giving accurate results in various real life applications. Before analyzing these concepts,
dominating energy of neutrosophic graph and dominating energy of different operations of neutrosophic graph are
defined with examples and some theorems in dominating energy of neutrosophic graph are established and various
results are discussed in this article.

2 Preliminaries

This part includes some basic definitions and results in domination theory of graphs that is very helpful to
the proposed research work.

Definition 2.1. [S]An intuitionistic fuzzy graph is defined as G = (V, E, ,y), where V is the set of vertices and E is
the set of edges, p is a fuzzy membership function defined on VXV and y is a fuzzy non membership function.
Define p(vj, vj) by w;; and y(v;, vj) by 3 such that

1.0S pj +v; < 1
2.0= Wy, vy, Ty <1, where 5 = 1 — 5 — v
Hence, (V X V,1,Y) is an intuitionistic fuzzy graph.
Definition 2.2. [8] An intuitionistic fuzzy graph is of the form G = (V, E), where

1)V ={vy,v,,....vy} such that p:V-[0,1], y:V—[0,1] denote the degree of membership and
nonmembership of the element v € V respectively and 0 < p, (v;) + y1(v;) < 1foreveryv; €V, (i=1,23,...)

(1)E € V X V where p,: VXV - [0,1] and y,: V X V = [0,1] are suchthat
Mo (Vi, Vi) < py (Vi) A g ()

Y2(vi, v§) < v1(vi) Ay1(v;) and

0 < wp(vi,vj) +v2(vy,vj) < 1.

Definition 2.3. [8] An arc (v;, v;) of an intuitionistic fuzzy graph G is called a strong arc if
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Mz (i, vi) < pp (Vi) A pg (v)) and vy (v, vj) < v1(vi) Ay (v)).

Definition 2.4. [8] Let G = (V,E, 1, v, 1y, Y1) be a dominating intuitionistic fuzzy graph. A dominating intuitionistic
fuzzy adjacency matrix D(G) = [dj;], where

(hijvy) if (vi,v) €E
dij: (1,1) lfl:] and ViED
(0,0) otherwise

This dominating intuitionistic fuzzy graph adjacency matrix D(G) can be written as D(G) =
(up(G), Yp(G)) where

|J.i]' if (Vi,V]') eE
up(G) =41 ifi=j and v;€D
0 otherw se

and

vy if (viv)) €E
yp(G) =41 ifi=j and v;€D
0 otherwise

Definition 2.5. [8] The eigen values of dominating intuitionistic fuzzy adjacency matrix D(G) is defined as (X,Y)
where X is the set of eigen values of pp(G) and Y is the set of eigen values of yp(G). The energy of a dominating
intuitionistic fuzzy graph G = (V,E, 1, v, 1y, v1) is defined (Xpex |Ail, Xs,ey 18i]) whereXy ex |Ai| is the sum of the
absolute values of the eigen values of up(G) and it is denoted by the energy of the membership matrix E(up(G))
and Y5,ey |8;] is the sum of the absolute values of the eigen values of yp(G) and it is denoted by the energy of the
membership matrix E(yp(G)).

Definition 2.6. [19] Let G; = (V,E;) and G, = (V,, E,) be two intuitionistic fuzzy graphs with V; NV, = @ and
G =G, UG, =(V; UV,,E; UE,) be the union of G; and G,. Then the union of intuitionistic fuzzy graphs G, and
G, is an intuitionistic fuzzy graph defined by

wv) ifvev,—v,
Hy, (V) ifvev,—v,

(U m)) = {

v.(v) ifvev,—v,

Y, (v) ifvev,—vy and

0 U) =

Ha(ey) if ey €E; —Ep

U)W, v;) = :
(K2 U p2) (v, vj) {HZI(eij) if ey €E, —E,

where (Wy,y1) and (Yq,,y1,) refer the vertex membership and non-membership of G, and G, respectively, (U,,V2)
and (U, Y2,) refer the edge membership and non-membership of G; and G, respectively.

Definition 2.7. [19]The join of two intutionistic fuzzy graphs
G =Gy + G, = (V; UV, E; UE,) defined by
(M + )W) =W Up)ifveVvyuy,

Y1+ vi)@ =1 VUy)@ifve Vv, uy,
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(M2 + H2) (Vivy) = (K2 U Ky ) (vivy) if viv; € E; U E,
Definition 2.8. [19] The a-product of two intuitionistic fuzzy graphs G; = (V;, E;) and
G, = (V,, E,) denoted by G; © G, is an intuitionistic fuzzy graph
G = (V,E, (1r, Vi), (s Vi) Where
1.V = vju, forallv; € V; andu, € V,, (Vi N V) = @,i=1,2,3,..m, p=1,2,3,...n
2.E = (vjup, vjuq) such that either one of the following is true:
(1) (v;,vj) € Eq and (up,uq) € E,
(i)(up, uq) € E; and (v;,v;) € E,
3.{}, v-) denote the degrees of membership and non-membership of
vertices of G,and is given by (u, v;) = (mi n(y;, up), max (v;, vy)) for all
v €V, r=1,2,3,..m,n
4.(Urs Vrs) denote the degrees of membership and non-membership of edges of G, and is given by
(m n(y;, W, Hp), max (v;,vj,vp)) i f (vi,v5) € Ejand  (up,ug) € E,
(Mg Ves) = 3 (i Nk, Wy, W), MBX (Vp, Vg, vi)) i f (v, v;) € Esand  (up,ug) € E,
(0,0) if (v;,vj) €Ejand (up,ug) €E;
Definition 2.9. [19] The B-product of two intuitionistic fuzzy graphs G; = (V;,E;) and
G, = (V,, E,) denoted by G; * G, is an intuitionistic fuzzy graph
G = (V,E, (r, Vi), (irs Vrs)) Where
1.V = vju, forallv; € V; andu, € V,,V; NV,) = 0, i=1,2,3,..m, p=1,2,3,...n
2.E = (vju,, vjugq) such that either one of the following is true:
(1)(v;,vj) € E; whenp # q,i #j
(i)(up,ug) € E; wheni=#j,p #q

3.(l, ve) denote the degrees of membership and non-membership of vertices of G, and is given by
(K, vp) = (i n(py, p—p)' mx (Vi!Vp)) for all

v €V, r=1,2,3,..m,n

4.(Urs Vrs) denote the degrees of membership and non-membership of edges of G, and is given by
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(mi n(W;, W, Kpq ), MBX (V, V5, Vpq)) 1 fi#j, (v, v;) € E;and (up,ug) € E,

(i n(Hp, b, 1), MBX (Vp, Vg, Vi)Y 1 Fp # G, (up, Ug) & Epand (v,,vy) € E,

(nd n(ui]-, upq),mix (Vi]-,qu)) ifi#j,p#q, (Vi,V]-) € E;and (up, uq) €E,
(0,0) otherwi se

(Hrs Vis) =

Definition 2.10. [19] The y-product of two intuitionistic fuzzy graphs G; = (V;,E;) and

G, = (V,, E;) denoted by G; [-] G, is an intuitionistic fuzzy graphs

G = (V,E, (r, ve), (s Vrs)) Where

L.V =vju, forallv; € V; andu, € V,, V, NV, = @,i=1,2,3,..m, p=1,2,3,...n

2.E = (vjup, vjugq) such that either (v, v;) € E; or (u,,uq) € E,

3.l vy) denote the degrees of membership and non-membership of vertices of G,and is given by
(M, Vi) = {1t (3, 1), 1X (v, v,) for all

v €V, r=1,2,3,..m,n

4.(Urs Vrs) denote the degrees of membership and non-membership of edges of G ,and is given by

(i n(y;, W, Hpg), M n(v;, vj, vpq))  1f(v;,v)) € E;and (up,ug) € E,
(mi n(Wp, Mg, i), M n(vp, v, vi)) 1 f(up, uq) & Ezand (v;,vj) € E;
(i n(Wj, Hpg ), MBX (Vij, Vpg)) i f(vy,vj) € Ejand (up,uq) € E,
(0,0) otherwise

(Mrs Vrs) =

Definition 2.11. [13] A single valued neutrosophic graph with underlying set V is defined to be a pair G = (A, B)
where,

(1) The functions ToV = [0,1],14:V = [0,1] and F,:V — [0,1] denote the degree of truth-membership,
degree of indeterminacy membership, and degree of falsity-membership of the element v; € V, respectively and

0 < Ta(vy) +[a(vy) + Fa(vy) < 3 forallv; € V (i=1,2,..n)

(i1)The functions Tg:ECS VXV = [0,1],Ig: ECS VXV = [0,1] and Fg: E € V X V = [0,1] are defined by
Te ({vi, vi}) < mi n(Ta(v;), Ta(v)),

Ig({vi, vj}) = max (I5(vy), 1a(vj))and

Fg({vi,vj}) = max (F5(vy), Fa(vy))

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

0 < Tg({vy, vj}) + Ig({vy, vj}) + Fg({v;, v;}) < 3 for all {v;,v;} € E (i,j=1,2,...n)
Definition 2.12. [13]Let G be the neutrosophic graph.Let X,y €V. x dominates y in G if

W (% y) = mi n{p(x), K(y)}, v1(xy) = m nfy(x),y(y)} and 0, (x,y) = mi n{o(x),o(y)}.

DOI: 10.5281/zen0d0.3789020 42



International Journal of Neutrosophic Science (IINS) 170l. 5, No. 1, PP. 38-58, 2020

A subset DN of V is called a dominating set in G if for every vertex v & D™, there exists u € DN such that u
dominates v.

Definition 2.13. [21]A dominating set DN of neutrosophic graph is said to be minimal dominating set if no paper
subset of DN is a dominating set.

Definition 2.14. [21]Minimum cardinality of a dominating set in a neutrosophic graph G is called the domination
number of G and is denoted by YN(G) (or)yN.

3 Dominating energy in neutrosophic graphs
Dominating energy of a neutrosophic graph using various operations and some theorems on these
operations are established here. Let G = (V,E, ,v,0,;,Y1,0,) be a dominating neutrosophic graph. Define a
dominating neutrosophic adjacency matrix DN(G) = [dij], where
(mij Vi o) 1 f (vi,vj) EE
dj ={(1,1) ifi=j and v; € DV
(0,0) otherwise

This dominating neutrosophic adjacency matrix DN(G) can be written as DN(G) = (uDN (G),ypn(G), opN (G)),

where
Wy if (vi,vy) €E vij if (v,v)€E
MpN(G) =91 ifi=j and v;eDV ¥pn(G) =41 if i=j and v; € DV
0 otherwi se 0 otherwi se

and

Ojj if (Vi, V]) €E
opvn(G) =41 ifi=j and v;€DVN
0 otherwi se

For example, consider the neutrosophic graph G = (V,E), where V = {v;,Vv,, V3, V,},E =

{(v1v2), (Vov3), (V3vy), (v4vy)} as in Fig.1

(0.5:0.4,0.5) !
3 bk o.3e.
{e.s_a.l_m,)“ ‘5‘[ b, 2)
-~ -~
< r
< -
r o
o &
£ 3
- 2
(0.4,0-3,05) Y (0.2,0.3,0-44)
* (0.2 0.4,0.5) 3
Fig.1

Then, the above dominating neutrosophic graph can be written as G = (V,E, w,v,0,1,Y,,01), where
V = {vy,Vv,,V3,v,} and py,y,, 04 are given by p;: V- [0,1],v,:V - [0,1] and 6,: V - [0,1], where

g (vq) = m n[u(vy, v,), u(vy, v4)] = i nf[0.5,0.4] = 0.4
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Wy (vy) = m n[p(vy, vq), u(vy, v5)] = mi n[0.5,0.2] = 0.2
Wy (v3) = m n[u(vs, vy), u(vs, v,)] = mi n[0.2,0.2] = 0.2
My (Vy) = m n[p(vy, vq), K(Vy, v3)] = i n[0.4,0.2] = 0.2
v1(vy) = max[y(vy,v,),y(vy,v,)] = max[0.4,0.3] = 0.4
v1(vy) = max [y(vy, v1),Y(v,,v3)] = max[0.4,0.3] = 0.4
v1(v3) = max[y(vs, v3),y(v3,v,)] = max[0.3,0.4] = 0.4
Y1(vy) = max[y(vy,v1),Y(V4,v3)] = max [0.3,0.4] = 0.4
0,(v;) = max[o(vy,v,),0(vy,v,)] = max[0.5,0.6] = 0.6
0,(vy) = max[o(vy,vy),0(v,,v3)] = max[0.5,0.4] = 0.6
0,(v3) = max[o(vs3,v,),0(v3,v,)] = max[0.4,0.5] = 0.5
01(vy) = max [0(Vy, Vy),0(Vy,v3)] = max[0.6,0.5] = 0.6
Here, v, dominates v; because
w(vyvg) < py(vy) Apy(v3)0.2 < 0.2A0.29
Y(vyvs) < v(vy) Ay(v3)0.3<04A04
o(vyv3) < 0(vy) Ao(v3)0.4 < 0.5A0.5
Here, v; dominates v, because
w(vsvy) < p(v3) Apy(v,)0.2 < 0.2A0.2
Y(v3vy) < v1(v3) Ay, (v,)04 <0404
o0(v3vy) < 0(v3) Ao(v,)0.5<0.5A0.6
V = {vy,V5,v3,v,},DN = {v,,v3}and V — DN = {v;,v,}

|DN|=2=sum of dominating elements

(0,0,0) (0.5,0.4,0.5) (0,0,0) (0.4,0.2,0.6)
Nome  [(05,0405) (1,1,1) (0.2,0.3,04) (0,0,0)
D7 = {0,0,0) 0.2,03,04) (1,1,1) (04,03) | Where
(0.2,0.3) (0.3,0.1) (0.2,0.4,0.5) (0,0,0)
1 05 0 04 0 04 0 02 0 05 0 06

los 1 02 o o4 1 03 0 los 1 04 o
v (@ =107 02 1 02| DT |o 03 1 04f@IN@O=(" 04 1 05

04 O 02 O 03 0 04 0 06 0 05 0

3.1 Dominating energy in operations on neutrosophic graph
Dominating energy in complement of neutrosophic graph:
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The complement of neutrosophic graph G = (V,E) is neutrosophic graph, G = (V,E), where fiy;

M1, Y1i = Y1i and Gy; = oy, for all i=1,2,....n fas; = WyiMgj — Wij » Y2ij = Y1iY1j — Yzij and G5 = 0404j — Oy, for all

i,j=1,2,...n

First we find the dominating energy of neutrosophic graph G(V, E).

(64, 0.3 0.3)
(07,03 82)% v, (0., 0-4,0.5)

(07,03 LEVRY

.8)
5

fe.3 0.3,

(05630

(o-go-3e-2) vy 103 0405)
*  (6.30.305)

Figure 2: G = (V,E) Figure 3: G = (V,E)

Consider a dominating neutrosophic graph G = (V,E, v, 0, ;,Y1,01), where V = {v,,v,,v3,v,} and

W, Y1, 04 are given by py: V- [0,1],v4:V = [0,1] and 64: V - [0,1] where
W (v1) = m n[u(vyvy), u(vyvy)] = mi n[0.4,0.5] = 0.4
Wy (vy) = m n[p(vyvy), u(vyvs)] = i n[0.4,0.3] = 0.3
Wy (v3) = m n[u(vyvy), u(vsvy)] = mi n[0.3,0.2] = 0.2
Wy (vy) = m n[p(vyvy), u(vevs)] = mi n[0.2,0.5] = 0.2
v1(vy) = max[y(vyvy),y(viv,)] = max[0.3,0.3] = 0.3
v1(vy) = max [y(v,vy),yY(v,v3)] = max[0.3,0.2] = 0.3
v1(v3) = max [y(v3vy),y(vsv,)] = max[0.2,0.3] = 0.3
Y1 (vy) = max [y(vyvy),y(vav3)] = max[0.3,0.3] = 0.3
0,(vy) = max[o(vyv,),0(v,v,)] = mx[0.3,0.2] = 0.3
0,(v,) = max [o(v,v;),0(v,v3)] = max[0.5,0.5] = 0.5
0,(v3) = max [o(v3v;),0(v3v,)] = max[0.5,0.5] = 0.5
01(vy) = max [0(v,Vvy),0(vav3)] = max[0.5,0.2] = 0.5
Here, v; dominates v, because

w(vavy) < p(va) Apy(v)0.2 < 0.2A0.2

Y(v3vy) < v(v3) Ay(v,)0.3<03A0.3

o0(v3vy) < 0(v3) Ao(v,)0.5<0.5A05

V = {vy,V,,V3,V,},DN = {vy}and V — DN = {v,,v,,v,}
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|DN|=1=sum of dominating elements

(0,0,0) (0.4,0.3,03) (0,0,0) (0.2,0.3,0.5)
Nome  [(0.403,0.3) (0,0,0) (0.3,0.2,0.5) (0,0,0)
D7 = {0,0,0) (0.3,02,0.5) (1,1,1) (0.2,0.3,0.5) [ Vhere
(0.5,0.3,0.2) (0,0,0) (0.2,0.3,0.5) (0,0,0)
0 04 0 02 0 03 0 03 0 03 0 05
04 0 03 0 _lo3 0 02 o0 103 0 05 0
0 03 1 02 @=0" 02 1 o03|®™oNO=10" o5 17 05
05 0 02 0 03 0 03 0 02 0 05 0

Eigen values of upn(G) = {—0.5549,0.4064,1.1431,0,0054}=spectrum of ppn (G)
Eigen values of ypn (G) = {—0.4692,0.3414,1.1327, —0.0049}=spectrum of y,~ (G)
Eigen values of opn (G) = {1.3981, —0.6218,0.1940,0.0296}=spectrum of on (G)
Dominating energy of neutrosophic graph

G=(V,E) = [Znex Al Zssey 18il Dpsez |pil]=[2.1098,1.9482,2.2435]

Now we find the dominating energy of neutrosophic graph G(V, E).

upn(G) =

Consider a dominating neutrosophic graph G = (V,E, 1,v,0, 44,Y1,0¢) where V = {v,,v,,v3,v,} and

W, Y1, 0; are given by y:V - [0,1],y,:V - [0,1] and 6;: V — [0,1] where
Wy (v;) = mi n[p(v;vs)] = mi n[0.3] = 0.3
W (v) = ni n[p(v,v,)] = ni n[0.4] = 0.4
1y (vs) = mi n[p(vsvy)] = mi n[0.3] = 0.3
W (v4) = mi n[p(v,v,] = mi n[0.4] = 0.4
Y1(v1) = max [y(vyvs)] = nex[0.3] = 0.3
Y1 (v;) = mx [y(v,v,)] = max[0.3] = 0.3
Y1 (v3) = max [y(vsv,)] = max[0.3] = 0.3

Y1 (vy) = max [y(v,v,)] = max[0.3] = 0.3
0,(vy) = max [6(v,v;)] = mx [0.5] = 0.5
0,(v,) = max [6(v,v,)] = mx[0.5] = 0.5
01(v3) = max [6(vsv;)] = max [0.5] = 0.5
0,(v4) = max [6(v4v,)] = max[0.5] = 0.5

Here, v, dominates v3 because
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u(vyvg) < puy(vy) Apy(v5)0.3<03A03
y(vivs) < y(vqy) Ay(v3)0.3<03A0.3
o(vq1vz) < 0(vy) Ao(v3)0.5<05A0.5
Here, v, dominates v, because
u(vyvy) < (Vo) Apy(v,)0.4 < 04704
y(vovy) < v(vy) Ay(v,)0.3 <03A03
o0(vyvy) < 0(vy) Ao(vy)0.5<0.5A05
V = {vy,V5,V3,Vs}, DN = {v;,v,} and V — DN = {v;,v,}

|DN|=2=sum of dominating elements

1,1,1) (0,0,0) (03,03,05) (0,0,0)
oo |(00,0) (1,1,1) (0,0,0) (0.4,0.3,0.5)
DR® =103,03,05) (0,0,0) (0,0,0) (0,0,0) where
(0,0,0) (0.4,03,05) (0,0,0) (0,0,0)
1 0 030 1 0 030 1 0 050
0 1 0 04 0 1 0 03 0 1 0 05
BN =103 0 o o PO Ffo3 o o o [™NO=0s 1 o o
0 04 0 0 0 030 0 0 050 0

Eigen values of pyn(G) = {1.0830,—0.0830,1.4031, —0.1403}=spectrum of ppn (G)
Eigen values of ypn (G) = {1.0830,—0.0830,1.0830, —0.0830} =spectrum of yn (G)
Eigen values of op,n(G) = {1.2071,—-0.2071,1.2071, —0.2071} =spectrum of opn (G)

Dominating energy of complement of neutrosophic graph
G = (V.E) = [Ynex il siev 181l Zpjez |pil]H{2.7094.2.332,2.8284]

3.2 Dominating energy in union of neutrosophic graph

Let G, = (V;,E;) and G, = (V,, E;) be two neutrosophic Graphs with V, NV, =@ and G =G, UG, =
(V1 UV,,E; UE,) be the union of G; and G,. Then the union of neutrosophic graphs G; and G, is neutrosophic
graph defined by

wpv) ifvev, —v,
u,(v) ifvevy,—v;’

(1 U0 = | nunym = e

Y, (v) ifvev,—vy

Hp(ey) if e;€E —E;
Hz(ey) if ej €E;, —E;

o,(v) ifvevy—v,
o,(v) ifvev,—vy

(o1 VUo)(V) = { and (K U Wp) (v, v) = {
where (Wy,v1,01) and (U, Y1, 01,) refer the vertex truth-membership, indeterminacy-membership and falsity-

membership of G; and G, respectively,(U,,Y,,0,) and (U, Y2, 0,,) refer the edge truth-membership,
indeterminacy-membership and falsity-membership of G; and G, respectively.
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First we find the dominating energy of neutrosophic graph G, (V, E)

vz(u.S,D.I,D.-‘F)
.8 0.5)
v, (p.9,0.8

(0.1, 0.05,0.2)

(0.9,0.b,0.3) Vi

(a. us_“c_a 0.)
(a's*j@-w,a,;j_”

(0.4, 05,0, (0.7,0.9 0.5)
T (pos,0.0,0.3) V3

Fig.5: G,

Fig. 4: G;
Consider a dominating neutrosophic graph G = (V,E, 1, y,0,l;,Y1,01) , where V = {v,,v,,v3,v,} and

W, Yy, 04 are given by py: V- [0,1],v,:V = [0,1] and 6,: V - [0,1] where
y(vy) = mi n[u(v,v,), u(vyvy)] = mi n[0.1,0.05] = 0.05

Wy (vy) = mi n[p(v,yvy), u(vyvs)] = mi n[0.54,0.1] = 0.1
W (v3) = m n[u(vsv,), u(vsv,)] = m n[0.54,0.25] = 0.25
W (vy) = m n[p(v,vy), p(vyevs)] = i n[0.05,0.25] = 0.05
v1(vy) = max[y(v,v,),y(v,v,)] = max[0.05,0.2] = 0.2
v1(v2) = max[y(v,vy),y(v,v3)] = max[0.05,0.01] = 0.05
v1(v3) = max[y(v3vy),y(vsv,)] = max[0.01,0.1] = 0.1
Y1 (vy) = max [y(vyvy),y(vav3)] = max[0.2,0.1] = 0.2
0,(v;) = mx[o(v,v,),0(v,v,)] =mmx[0.2,0.1] = 0.2
0,(v,) = max[o(v,vy),0(v,v3)] = max [0.2,0.25] = 0.25
0,(v3) = max[o(v3vy),0(vsv,)] = max[0.25,0.3] = 0.3
01(vy) = max [0(v,Vvy),0(vav3)] = max[0.1,0.3] = 0.3
Here, v, dominates v, because
u(vyvy) < py(vq) Ay (v,)0.05 < 0.05A0.05
Y(vivy) < y(vi) Ay(v,)0.2 < 0.2A0.2

o(vyvy) < 0(vy) Ao(vy)0.05<02A03

V = {vy,vy,v3,v,},DN = {v;} and V — DN = {v,,v3,v,}

|DN|=1=sum of dominating elements
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(1,1,1) (0.1,0.050.2)  (0,0,0) (0.05,0.5,0.2)
N 0.1,00502) (0,0,0) (0.54,0.01,0.25)  (0,0,0)
D7(G) =1 0,0,0 (0.54,0.01,0.25)  (0,0,0) (0.25,0.1,0.3) | here
(0.05,0.5,0.2) (0,0,0) (0.25,0.1,03)  (0,0,0)
1 01 0 005 1 005 0 05
_lo1 0o 054 0 _loos 0 001 0
RN = (07 0ss 00 025 Y@ T 10T 001 0 04|
005 0 025 0 05 0 01 0

1 02 0 02
02 0 025 0
oon(G) =107 025 o 03

02 0 03 0

Eigen values of upn(G;) = {1.0186,—0.5989,0.5803,0}=spectrum of ppn(G;)
Eigen values of ypn (G;) = {1.2101, —0.2442,0.0341,0}=spectrum of Y~ (G;)
Eigen values of o,n(G;) = {1.0846,—0.4194,0.3354, —0.0006}=spectrum of o~ (G;)
Dominating energy of neutrosophic graph
G=(V.E) = [Ziex il Bsiev I8il, Epjez Ipil]{2.1978,1.4884,1.84]

Also we find the dominating energy of neutrosophic graph G, (V, E):
LetV = {vq,v,}
Ky (vy) = mi n[pu(vyv,] = max[0.12] = 0.12
W (v,) = m n[p(v,vy)] = max[0.12] = 0.12
v1(vy) = max [y(v;v,)] = mi n[0.28] = 0.28
v1(vy) = max [y(v,v,)] = m n[0.28] = 0.28
0,(v;) = max[o(v;v,)] = mi n[0.17] = 0.17
01(v,) = max[o(v,v;)] = mi n[0.17] = 0.17
Here, v, dominates v, because
p(vivy) <y (v) Ay (v,)0.12 < 0.12A0.12
Y(vivy) < v1(v1) Ay1(v,)0.28 < 0.28 A 0.28
o(v1vy) < 0,(vy) A0oy(v,)0.17 <0.17A0.17
Here, V = {v;,v,} and DN = {v,;};V — DN = {v,}
|DN|=1=sum of dominating elements.

(1,1,1) (0.12,0.28,0.17)

N —
D7(62) =1(0.12,0.280.17) (0,0,0) » Where
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0.28] and opx (Gy) = [(1).17 8.17]

0.12 M
]YDN(GZ)_ 028 0

it
Hpn (G2) = 012 0
Eigen values ofupn(G;) = {1.0142, —0.0141}=spectrum of pyn (G3)

Eigen values of ypn (G,) = {1.07306, —0.0736}=spectrum of ypn(G,)
Eigen values of opn (G) = {1.0281, —0.0281}=spectrum of 6N (Gy)
Dominating energy of neutrosophic graph
G = (V,E) = [Snex Wil Zaier 1811 Dpez Ioil]-{0.0183,1.1466,1.0562]

Now we find the dominating energy of union of neutrosophic graph G, U G,

(0-20b0.3) Y ._m‘ig’l‘_)_,vx{o 5,0.0.9) W (0-3,0.8,05)
g ¢l | .. ’

| [
= Lo
3 < >
[y & g
LS 3 .
S |2 b
g |I u"\‘ Q\
- [« b
~ II| -~ ‘e
(0.4,05,0.2) % vieT005)
(0-35,0.1,0.3) u, ' (02,0.5,0.3)
Fig.6: G, U D,

1 (v;) = mi n[p(v;v,), p(v;v,)] = mi n[0.1,0.05] = 0.05
Wy (v2) = mi n[p(v,yvy), k(v,v3)] = mi n[0.54,0.1] = 0.1
Wy (vs) = mi n[p(vsv,), n(vsv,)] = ni n[0.54,0.25] = 0.25
1 (v4) = mi n[u(v4vy), n(v4v3)] = mi n[0.05,0.25] = 0.05
u; (up) = mi n[p(uyu,] = ni n[0.12] = 0.12
1y (u,) = mi n[p(v,u,)] = mi n[0.12] = 0.12
Y2 (V1) = max [y(v,v,), y(v1v)] = mx[0.05,0.2] = 0.2
Y1 (v5) = max [y(v,vy),y(vav5)] = nex[0.05,0.01] = 0.05
Y1 (v3) = max [y(vav,),y(vav,)] = mx [0.01,0.1] = 0.1
Y1(va) = max [y(v4vy),y(V4vy)] = nux[0.2,0.1] = 0.2
v1(uy) = max [y(u,u,)] = nux[0.28] = 0.28
v1(uy) = max [y(uyu;)] = max [0.28] = 0.28

0,(vy) = max[o(v,v,),0(v,v,)] = max[0.2,0.1] = 0.2
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0,(vy) = max[o(v,vy), 6(v,v3)] = max [0.2,0.25] = 0.25
0,(v3) = max [o(v3vy),0(v3v,)] = max [0.25,0.3] = 0.3
0,(v,) = max [o(v,vy),0(v,vs)] = max[0.1,0.3] = 0.3
o0;(u;) = max[o(uu,)] = mx[0.17] = 0.17
01(uy) = max[o(uuy)] = mx[0.17] = 0.17
Here, v, dominates v, because
w(vivy) < py(vy) Ay (v,)0.05 < 0.05 A 0.05
Y(vivy) < y(v) Ay(v,)0.2 < 02A0.2
o(vqvy) < 0(v;) Ao(v,)0.05<0.2A0.3
Here, u; dominates u, because
n(uyvy) < py(ug) Apy(uy)0.12 < 0.12A0.12
y(uguy) < vy;(ug) Ay;(uy)0.28 < 0.28A0.28
o(uuy) < 0;(u) Aoy(uy)0.17 <0.17A0.17
V = {vy,V,,V3,Va,uy,u,}, DN = {v;,u;} and V — DN = {v,,v3,v,, U}

|DN|=2=sum of dominating elements

DN(G1UG2):
1,1,1) (0.1,0.0502)  (0,0,0) (0.05,0.2,0.1) (0,0,0) (0,0,0)
(0.1,0.05,0.2) (0,0,0) (0.54,0.01,0.25) (0,0,0) (0,0,0) (0,0,0)
(0,0,0,) (0.54,0.01,0.25) (0,0,0) (0.25,0.1,0.3) (0,0,0) (0,0,0)
(0.05,0.2,0.1) (0,0,0) (0.2501,03)  (0,0,0) (0,0,0) (0.12,0.28,0.17)
(0,0,0,) (0,0,0) (0,0,0) (0,0,0) 1,1,1) (0,0,0)
(0,0,0) (0,0,0) (0,0,0) (0,0,0) (0.12,0.28,0.17) (0,0,0)
where
1 01 0 0050 0 1 0050 02 0 0
01 0 054 0 0 0 005 0 001 0 0 0
0 054 0 025 0 0 0 054 0 025 0 0
mon(GiVG) =105 07 025 0 o o [@VYSD=loos 00 o025 0 o o0
o o0 0 0 1 012 o 0o o0 o0 1 028
0o 0 0 0 012 0 O 0 0 0 028 0
and
1 02 0 010 0
02 0 0250 0 0
il 8 8 85 0
o 0 0 0 1 017
0O 0 0 0 017 0
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Eigen values of ppn(G; U Gy) = {1.0186,—0.5989,0.5803,0,1.0141, —0.0141}=spectrum of ppn(G; U G;)

Eigen values of ypn (G; U G,) = {1.0143,0.0173,—0.2718,0.2401,1.0730, —0.0730}=spectrum of yn (G; U G)

Eigen values of o,n(G; U G,) = {1.0537,—0.4059,0.3601, —0.0079,1.028, —0.0281}=spectrum of opn(G; U G,)
Dominating energy of union of neutrosophic graph

G = (V,E) = [Snex il ey I8l Spyez 10il]-13.226,2.6895,2.8897]

3.3 Dominating energy in join of neutrosophic graph
The join of two neutrosophic graph

G=G; +G, =(V; UV,,E; UE,) defined by
(M + )W) = (W U )W) ifve vy UV,
(y1 +v1)(V) = (1 Uy )W) ifv eV, UV,
(01 +01,)(Vv)=(0; VU0 )(V)ifveV, UV,
(2 + 12 (Vivy) = (M2 U pp) (Vivy) if vyv; € E; UE,

Now we find the dominating energy of join of neutrosophic graph G(V, E):

Consider a dominating neutrosophic graph G = (V,E, 1, v,0,1,Y1,01) where V ={v;,v,, Vs v,}
andy,, y4, 04 are given by py: V- [0,1],v,:V = [0,1] and 0,: V = [0,1] where

(X} ,0-|E, 0-13)
0.25,0 0.
( 25,0 m, ) :

(a_|1,g,;g,n_;3)"a, 1027301405

u, (15,8 28,0.3b)

=

X

o-

@

o

él‘

«

&

v Uty 16:13,0.47,0:4)

(0500700 (035,006,050 V3 (0.03,015,00)
(013, 0,40, 0.21)

Fig.7: G =G, + G,
W (vy) = mi n[u(vyvy), u(viuy), u(vyv,)] = min[0.17,0.23,0.26] = 0.17
W (v,) = m n[u(vyvy), u(veuy), u(vyvs)] = min[0.17,0.27,0.34] = 0.17
Wy (v3) = m n[u(vsvy), u(vsvy), p(vsu,)] = m n[0.34,0.24,0.13] = 0.13
W (vy) = m n[p(vyvy), p(vauy), p(vyvs)] = mi n[0.26,0.20,0.25]

ty (ug) = mi nfp(uyvsy), u(uyvy), p(uguy)] = mi n[0.27,0.20,0.12] = 0.12
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1y (up) = mi n[u(uzuy), p(uyvy), n(uyvs)] = mi n[0.12,0.23,0.13] = 0.12
v1(v1) = max[y(vyvy), y(viuy), y(vyv,)] = max[0.25,0.16,0.21] = 0.25
v1(vy) = max[y(v,vy), Y(Vouy),y(v,vs)] = nmex[0.25,0.11,0.28] = 0.28
Y1(v3) = max [y(v3vy), Y(V3Vy, Y(V3u,)] = max [0.28,0.18,0.15] = 0.28
Y1(vy) = max [y(vyvy), y(vauy), y(vevs)] = max [0.21,0.20,0.18] = 0.21
v1(uy) = max[y(uyv,),y(u;vy),y(uu,)] = max[0.11,0.20,0.28] = 0.28
v1(uz) = max[y(uyu;), y(uyvy),y(uyvs)] = max[0.28,0.16,0.15] = 0.28
o0,(vy) = max[o(v,v,),0(vu,),0(vyv,)] = max[0.23,0.25,0.17] = 0.25
0,(vy) = max[o(v,v,), 6(v,uy),0(v,v3)] = max[0.23,0.5,0.25] = 0.25
01(v3) = max[o(v3Vvy), 0(Vav,, o(viu,)] = max [0.25,0.5,0.11] = 0.25
0,(v,) = max [0(v,vy),0(vauy),0(v,vs)] = max[0.17,0.15,0.5] = 0.17
0;(u;) = max [o(uyv,),0(u;v,),o(u u,)] = max[0.5,0.15,0.28] = 0.28
0,(uy) = max[o(u,u,), o(u,v;), o(u,vs)] = mi n[0.28,0.25,0.11] = 0.28

Here, v, dominates v, because

H(v1vy) < (v Apy(v,)0.17 < 0.17 A 0.17y(vyv,) < v1 (V1) Ay1(v,)0.25 < 0.25A0.25
V = {v,Vy,V3, Vs Uy, U}, DN = {v;,u;} and V — DN = {v,,v3, v, Uy}

|DN|=2=sum of dominating elements

DN(G) =
(1,1,1) (0.17,0.25,0.23)  (0,0,0) (0.26,0.21,0.17)  (0,0,0) (0,0,0)
(0.17,0.25,0.23)  (0,0,0) (0.36,0.28,0.25) (0,0,0) (0.27,011,0.5)  (0,0,0)
(0,0,0,) (0.36,0.28,0.25) (0,0,0) (0.25,0.18,0.5)  (0,0,0) (0.13,0.15,0.11)
(0.26,0.21,0.17)  (0,0,0) (0.25,0.180.5)  (0,0,0) (0.20,0.20,0.15)  (0,0,0)
(0,0,0,) (0.27,0.11,0.5)  (0,0,0) (0.20,0.20,0.15) (1,1,1) (0.12,0.28,0.28)
(0.17,0.25,0.23)  (0,0,0) (0.13,0.15,0.11)  (0,0,0) (0.12,0.28,0.28)  (0,0,0)
where
1 017 0 028 0 0 1 025 0 0210 0O
017 0 036 0 027 0 025 0 028 0 011 0
@=[0 036 0 025 0 013 @=[0 028 0 0180 05
HpN 026 0 025 0 020 0 [ YoN 021 0 018 0 020 0
0 027 0 020 1 012 0 011 0 020 1 028
017 0 013 0 028 0 025 0 015 0 028 0
and
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1 023 0 017 0 0
023 0 025 0 05 0
o (G) = 0 025 0 05 0 0.11
D 0.17 0 05 0 05 0
0 05 0 015 1 0.28
023 0 011 0 0.28 0

Eigen values of ppn(G)={1.2241,1.0118-0.5402,0.3163,—-0.0061+ i 00054, —0.0061 —i 00054} =
spectrum of ppn (G)

Eigen values of ypn (G) = {1.2108,1.0184,—-0.5190,0.2687,0.0255, —0.004}=spectrum of yn (G)
Eigen values of o,n(G) = {1.4069,0.9828,-0.7028,0.4109,—0.1051,0.0072}=spectrum of o~ (G)
Dominating Energy of join of neutrosophic graph

G=WV,E)= [inex [Ail, Zssev 18il, Xpiez |pi|]:[0.0121+i0.0108,3.0469,3.6157]

Let G = (V,E, L, v,0, 14, Y1,0,) be a dominating neutrosophic graph with vertex set V.= {vy,v,,....v,},
edge set E. Let

DN = {uj,u,,....u,} be a dominating set. If A;,A,,....A, are the eigen values of dominating matrix
HpN (G) then

D)Xt A = |DN|» (i)Xi=q 7li2 = Yzt llizi +2 lei<jsn Mij Kji
if 84, 8,,.... 6, are the eigen values of dominating matrix ypn (G) then
(ii)XL, 8 = [DN|, (XL, 67 = XL, vi + Yisicjz<n YijVji

and if py,p,....p, are the eigen values of dominating matrix opn(G) then (V)XIL; p; = [DN|,

- 2 _ 2
(Vi)Xiz1 pf = Xitq Ofi + Xi<icjzn Oij0ji
Proof:

(i) We know that the sum of the eigen values of ppn(G) is equal to the trace of ppn(G) XL, A; =
YL = [DY].

(ii) Similarly, the sum of the squares of the eigen values of ppn(G) is equal to the trace of (ppn(G))?.

i1 7\12 =tracedfipyn (G))ZZHMHM + Wi2Hz1 + HyzHagt. ... FHinHn1 + Hz1 M2 + Hazloz +
HazMzpt..... FHonHp2 Tt + + Hp1Min + Hp2Mon + HpsMapt..... ol VIV

" 2 " 2
Z. A= Z Hi + ZZ o Wyl
i=1 i=1 1<i<jsn

(iii) We know that the sum of the eigen values of ypn(G) is equal to the trace of ypn(G) XL 8 =
n N
i=1 Yii = [D7[.

(iv)Similarly, the sum of the squares of the eigen values of y,n (G) is equal to the trace of (ypn(G))?.
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izt Sizztrace of (YpN G)?*= Y11Y11 + Y12Y21 + Y13¥a1t+. ... +Y1nYn1 + Y21Y12 + Y22Y22 +
Y23Y32+. ...t FYonYn2 e + + Yn1Y1n + Yn2Y2n + Yn3Yant+---.- +YnnYnn

§ T § o2 2
S8 =)  vi+t C o Yifii
i=1 i=1 1=i<jsn

(v) We know that the sum of the eigen values of o (G) is equal to the trace of opn(G) XL, p; =
n N
i=1 0ii = [D7].

(vi)Similarly the sum of the squares of the eigen values of opn (G) is equal to the trace of (opn (G))?.

n 2_ 2_
iL, pi=trace of (opN(G))“=011011 + 012021 + 013031 +..... +01n0n1 + 021012 + 02,0, +
053033+..... F0n0n2F 40,1010 + 0n202, + Op303,+..... +041n0nn

nopE=3Yr, oi+ Yisicjzn 030ji Let G = (V,E, 1, Y,0,1y,Y1,0;) be a dominating neutrosophic graph
with n vertices and m edges. If DN is the dominating set then

2
(i)JZ?zl WE + 2 Yicicjen Wijhji + n(n— DJA|n < E(upnG) < JH[Z{Ll W2 + 2 Y1cicjcn Mijhyi] where [A]

is the determinant of ppn (G).

2
(i) \/Z?ﬂ Y5 + 2 Y1cicjen YiVji +n(n — 1)|B[n < E(ypnG) < \/n[ iy ¥i+ 2 icicjsn Yinji] Where
|B] is the determinant of yn (G).

2
(iii) \/Z?ﬂ 0% + 2 Y 1<icjen 0305 + n(n — 1)|C[n < E(opnG) < JH[Z?=1 02 + 2 ¥1<icj<n 0ii0ji] Where

|C| is the determinant of opn (G).
Proof: Cauchy Schwarz inequality is [¥1L, a;b;]? < [, a?][ZL, b?]
Upper bound:
Ifa; = 1,b; = |A] then [Xf; [A]]% < [Bf; 1[ZL, A7]

(E(upn(G)))? < U[Z?:l Wi+ 2 Y1cicjen My Hji]

E(HDN(G)) < \/H[Z?zl ulzl + 2215i<]'5n Hij P_]]] ............... (1)

Lower bound:

n 2 n
B @ =Y ] =Y w2 iy
i=i i=1 1=i<jsn
no n(n—1)
=D ErzY |+ 2 AM A
i= si<jsn

But, AMy<icj<n{|Ail 1A} = GMy<icj<n{IAil 121}

Therefore, E(upn(G)) = \/Z?:l Wi + 2 Xicicjen Mihyi +n(0 — DGMygicjcn {121}
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2

n(n-1)
Il

GMy iyl ) = []_[
1<i<jsn

_2_ 2 2
= [ITiz; e = [T, Al = [ARE(upn (G)) =

\/21 1 p—n +2 Zl<1<]<n Mij Hji + n(n - 1)|A|n ------------- (2)

From (1) and (2)

2
JZ?:l WE + 2 Yacicjen Mijhji + 0(n — DJA]n < E(upnG) < JH[Z?ﬂ e+ 2 Yicicjen Mijhi

Similarly, we can prove

2
\/Z?ﬂ Y& + 2 X1cicjen VijVji + n(n — 1)|Bn < E(ypnG) < \/n[ Ly YA+ 2Y1cicjen Vijy;i] and

2
\/Zl 1 0% + 2 X 1<icjen 0105 + n(n — 1)|C[n < E(opnG) < \/n[ L, 0%+ 2 Y1cicjen 03]
Let G = (V,E, 1, v,0) be an neutrosophic graph and let A(G) = (u(G),y(G),c(G)) be an neutrosophic
graph adjacency matrix of G. Let G; = (V,E, 1, v, 0, )y, Y1, 0;) be the dominating neutrosophic graph of G and let
D(G) = (upn (G), ypn(G), opn (G)) be the dominating neutrosophic adjacency matrix of G;. Then

D(Empn(G)N? < n[EiLy i + E@GONEIENpN(G)))? < n[EiL, v+
EQ(G@))?1? DIE(opn (6))? < n[ZL, of + (E(c(6)))’]

Proof:
2
ERE?22) wyrnm-DAR22Y o2 iy < BO)?
1<i<jsn 1<i<jsn 1<i<jsn

Now (E(upn(G)))? < nEiLy ki + 20 Ticicjen Mk (E(upn (0)))? < nEiLy uf + (E(W(G)))?

Similarly, we can prove

BU@P22) vy tn-DIARZ2)  yya2) vy < B
<i< <i<jsn

1<i<j
Now, (E(ypn(G)))? < n XLy Vi + 2n T icicjen ViV (EGrpn(6)))? < n XLy vi + (E((G))?

and
2z .
(E(G(G)))ZZZZ N oijuji+n(n—1)|A|nzzz N oijoji(l.e)zz oo < (E(0(G)))?
1<i<jsn 1<i<jsn 1<i<jsn

Now, (E(GDN(G)))Z < n21 1 011 + Zn21<1<]<n 01]0]1(E(0DN (G)))Z < n21 1 011 + (E(G(G)))Z

4 Conclusion
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The dominating energy of neutrosophic graph is introduced in this proposed research. Dominating energy
of a neutrosophic graph, dominating neutrosophic adjacency matrix, eigen values for the dominating energy of
neutrosophic graph and complement neutrosophic graphs are defined with examples. Also dominating energy in
union and join operations of neutrosophic graph are developed with suitable examples and some theorems in
dominating energy of neutrosophic graph are established. These results will be applied in various real life situations
in future.
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