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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 i�� vertex of G, i=1,2,.....,n. The spectrum of graph G consisting of  λ�,λ�,.......,λ� is 

the spectrum of its adjacency matrix[3]. The Laplacian spectrum of the graph G consisting of μ�,μ�,.......,μ� is the 

spectrum of its Laplacian matrix. 

The following relations are satisfied by ordinary and laplacian graph eigen values.  

∑���� λ� = 0, ∑���� λ�
� = 2m ,  ∑���� μ� = 2m , 

∑���� μ�
� = 2m + ∑���� d�

�  

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 n×n 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. [5]An intuitionistic fuzzy graph is defined as G = (V,E,μ,γ), where V is the set of vertices and E is 

the set of edges,	μ is a fuzzy membership function defined on V×V and γ is a fuzzy non membership function. 

Define μ(v�,v�) by μ�� and γ(v�,v�) by γ�� such that  

1.0≤ μ�� + γ�� ≤ 1  

2.0≤ μ��,γ��,π�� ≤ 1, where π�� = 1 − μ�� − γ��. 

Hence, (V × V,μ,γ) is an intuitionistic fuzzy graph.  

Definition 2.2.  [8] An intuitionistic fuzzy graph is of the form G = (V,E), where 

(i)V = {v�,v�,....v�} such that μ:V → [0,1], γ:V → [0,1] denote the degree of membership and 

nonmembership of the element v ∈ V respectively and 0 ≤ μ�(v�)+ γ�(v�)≤ 1 for every v� ∈ V� (i= 1,2,3,...) 

(ii)E ⊆ V × V where μ�:V × V → [0,1] and γ�:V × V → [0,1] are suchthat 

μ�(v�,v�)≤ μ�(v�)∧ μ�(v�) 

γ�(v�,v�)≤ γ�(v�)∧ γ�(v�) and 

0 ≤ μ�(v�,v�)+ γ�(v�,v�)≤ 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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 μ�(v�,v�)≤ μ�(v�)∧ μ�(v�) and γ�(v�,v�)≤ γ�(v�)∧ γ�(v�).    

Definition 2.4. [8] Let G = (V,E,μ,γ,μ�,γ�) be a dominating intuitionistic fuzzy graph. A dominating intuitionistic 

fuzzy adjacency matrix D(G)= [d��], where 

d�� = �

(μ��,γ��) if				(v�,v�)∈ E

(1,1) if				i= j				and				v� ∈ D
(0,0) 				otherwise

 

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

(μ�(G),γ�(G)) where 

μ�(G)= �
μ�� if				(v�,v�)∈ E

1 if				i= j				and				v� ∈ D
0 				otherwise

 

and 

γ�(G)= �
γ�� if				(v�,v�)∈ E

1 if				i= 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 μ�(G) and Y is the set of eigen values of γ�(G). The energy of a dominating 

intuitionistic fuzzy graph G = (V,E,μ,γ,μ�,γ�) is defined (∑��∈� |λ�|,∑��∈� |δ�|) where∑��∈� |λ�| is the sum of the 

absolute values of the eigen values of μ�(G) and it is denoted by the energy of the membership matrix E(μ�(G)) 

and ∑��∈� |δ�| is the sum of the absolute values of the eigen values of γ�(G) and it is denoted by the energy of the 

membership matrix E(γ�(G)).  

Definition 2.6.  [19] Let G� = 〈V�,E�〉 and G� = 〈V�,E�〉 be two intuitionistic fuzzy graphs with V� ∩ V� = ∅ and 

G = G� ∪ G� = 〈V� ∪ V�,E� ∪ E�〉 be the union of G� and G�. Then the union of intuitionistic fuzzy graphs G� and 

G� is an intuitionistic fuzzy graph defined by 

(μ� ∪ μ��)(v)= �
μ�(v) if		v ∈ v� − v�
μ��(v) if		v ∈ v� − v�

 

 (γ� ∪ γ��)(v)= �
γ�(v) if				v ∈ v� − v�
γ��(v) if				v ∈ v� − v�

 and 

(μ� ∪ μ��)(v�,v�)= �
μ�(e��) if				e�� ∈ E� − E�
μ��(e��) if				e�� ∈ E� − E�

 

where (μ�,γ�) and (μ��,γ��) refer the vertex membership and non-membership of G� and G� respectively, (μ�,γ�) 

and (μ��,γ��) refer the edge membership and non-membership of G� and G� respectively.    

Definition 2.7. [19]The join of two intutionistic fuzzy graphs 

G = G� + G� = 〈V� ∪ V�,E� ∪ E�〉 defined by  

(μ� + μ��)(v)= (μ� ∪ μ��) if v ∈ V� ∪ V� 

(γ� + γ��)(v)= (γ� ∪ γ��)(v) if v ∈ V� ∪ V� 
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(μ� + μ��)(v�v�)= (μ� ∪ μ��)(v�v�) if v�v� ∈ E� ∪ E� 

Definition 2.8. [19] The α-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,〈μ�,v�〉,〈μ��,v��〉) where  

1.V = v�u�  for all v� ∈ V� and u� ∈ V�, (V� ∩ V�)= ∅, i=1,2,3,...m, p=1,2,3,....n 

2.E = 〈v�u�,v�u�〉 such that either one of the following is true: 

(i)(v�,v�)∈ E� and (u�,u�)∉ E� 

(ii)(u�,u�)∈ E� and (v�,v�)∉ E� 

3.〈μ�,v�〉 denote the degrees of membership and non-membership of  

vertices of G,and is given by 〈μ�,v�〉= 〈min(μ�,μ�),max(v�,v�)〉 for all  

v� ∈ V, r=1,2,3,...m,n 

4.〈μ��,v��〉 denote the degrees of membership and non-membership of edges of G, and is given by  

〈μ��,v��〉= �

〈min(μ�,μ�,μ�),max(v�,v�,v�)〉 if				(v�,v�)∉ E�and				(u�,u�)∈ E�
〈min(μ�,μ�,μ��),max(v�,v�,v��)〉 if				(v�,v�)∈ E�and				(u�,u�)∉ E�
〈0,0〉 if				(v�,v�)∈ E�and				(u�,u�)∈ E�

 

Definition 2.9. [19] The β-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,〈μ�,v�〉,〈μ��,v��〉) where  

1.V = v�u�  for all v� ∈ V� and u� ∈ V�,V� ∩ V�)= ∅, i=1,2,3,...m, p=1,2,3,....n 

2.E = 〈v�u�,v�u�〉 such that either one of the following is true: 

(i)(v�,v�)∈ E� when p ≠ q,i≠ j 

(ii)(u�,u�)∈ E� when i≠ j,p ≠ q 

3.〈μ�,v�〉 denote the degrees of membership and non-membership of vertices of G, and is given by 

〈μ�,v�〉= 〈min(μ�,μ�),max(v�,v�)〉 for all 

v� ∈ V, r=1,2,3,...m,n 

4.〈μ��,v��〉 denote the degrees of membership and non-membership of edges of G, and is given by  
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〈μ��,v��〉=

⎩
⎪
⎨

⎪
⎧〈min(μ�,μ�,μ��),max(v�,v�,v��)〉 if		i≠ j,(v�,v�)∉ E�and		(u�,u�)∈ E�
〈min(μ�,μ�,μ��),max(v�,v�,v��)〉 if		p ≠ q,(u�,u�)∉ E�and		(v�,v�)∈ E�
〈min(μ��,μ��),max(v��,v��)〉 if		i≠ j,p ≠ q,(v�,v�)∈ E�and		(u�,u�)∈ E�
〈0,0〉 otherwise

 

Definition 2.10. [19] The γ-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,〈μ�,v�〉,〈μ��,v��〉) where  

1.V = v�u�  for all v� ∈ V� and u� ∈ V�, V� ∩ V� = ∅, i=1,2,3,...m, p=1,2,3,....n 

2.E = 〈v�u�,v�u�〉 such that either (v�,v�)∈ E� or (u�,u�)∈ E� 

3.〈μ�,v�〉 denote the degrees of membership and non-membership of vertices of G,and is given by 

〈μ�,v�〉= 〈min(μ�,μ�),max(v�,v�)〉 for all  

v� ∈ V, r=1,2,3,...m,n 

4.〈μ��,v��〉 denote the degrees of membership and non-membership of edges of G ,and is given by  

〈μ��,v��〉=

⎩
⎪
⎨

⎪
⎧〈min(μ�,μ�,μ��),min(v�,v�,v��)〉 if		(v�,v�)∉ E�and		(u�,u�)∈ E�
〈min(μ�,μ�,μ��),min(v�,v�,v��)〉 if		(u�,u�)∉ E�and		(v�,v�)∈ E�
〈min(μ��,μ��),max(v��,v��)〉 if		(v�,v�)∈ E�and		(u�,u�)∈ E�
〈0,0〉 otherwise

 

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

where, 

(i) The functions T�V → [0,1],I�: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 ≤ T�(v�)+ I�(v�)+ F�(v�)≤ 3 for all v� ∈ V (i=1,2,..n) 

(ii)The functions T�:E ⊆ V × V → [0,1],I�:E ⊆ V × V → [0,1] and F�:E ⊆ V × V → [0,1] are defined by  

T�({v�,v�})≤ min(T�(v�),T�(v�)), 

I�({v�,v�})≥ max(I�(v�),I�(v�))and   

 F�({v�,v�})≥ max(F�(v�),F�(v�)) 

denotes the degree of truth-membership,degree of indeterminacy-membership and degree of falsity-membership of 

the edge (v�,v�)∈ E respectively, where 

0 ≤ T�({v�,v�})+ I�({v�,v�})+ F�({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 

μ�(x,y)= min{μ(x),μ(y)},γ�(x,y)= min{γ(x),γ(y)} and σ�(x,y)= min{σ(x),σ(y)}.  
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A subset D� of V is called a dominating set in G if for every vertex v ∉ D�, there exists u ∈ D� such that u 

dominates v.  

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

subset of D� 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 γ�(G)(or)γ�.  

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,μ,γ,σ,μ�,γ�,σ�) be a dominating neutrosophic graph. Define a 

dominating neutrosophic adjacency matrix D�(G)= �d���, where 

d�� = �

(μ��,γ��,σ��) if				(v�,v�)∈ E

(1,1) if				i= j				and				v� ∈ D
�

(0,0) 				otherwise

 

This dominating neutrosophic adjacency matrix D�(G) can be written as D�(G)= �μ��(G),γ��(G),σ��(G)�, 

where 

μ��(G)= �

μ�� if				(v�,v�)∈ E

1 if				i= j				and				v� ∈ D
�

0 				otherwise

,  ��� (�)= �

��� if				(��,��)∈ �

1 if				�= �				and				�� ∈ �
�

0 				��ℎ������

 

and  

σ��(G)= �

σ�� if				(v�,v�)∈ E

1 if				i= j				and				v� ∈ D
�

0 				otherwise

 

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

{(v�v�),(v�v�),(v�v�),(v�v�)} as in Fig.1   

 

Fig.1 

Then, the above dominating neutrosophic graph can be written as  G = (V,E,μ,γ,σ,μ�,γ�,σ�), where                    

V = {v�,v�,v�,v�} and μ�,γ�,σ� are given by μ�:V → [0,1],γ�:V → [0,1] and σ�:V → [0,1], where 

μ�(v�)= min[μ(v�,v�),μ(v�,v�)]= min[0.5,0.4]= 0.4 
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μ�(v�)= min[μ(v�,v�),μ(v�,v�)]= min[0.5,0.2]= 0.2 

μ�(v�)= min[μ(v�,v�),μ(v�,v�)]= min[0.2,0.2]= 0.2 

μ�(v�)= min[μ(v�,v�),μ(v�,v�)]= min[0.4,0.2]= 0.2 

γ�(v�)= max[γ(v�,v�),γ(v�,v�)]= max[0.4,0.3]= 0.4 

γ�(v�)= max[γ(v�,v�),γ(v�,v�)]= max[0.4,0.3]= 0.4 

γ�(v�)= max[γ(v�,v�),γ(v�,v�)]= max[0.3,0.4]= 0.4 

γ�(v�)= max[γ(v�,v�),γ(v�,v�)]= max[0.3,0.4]= 0.4 

σ�(v�)= m ax[σ(v�,v�),σ(v�,v�)]= max[0.5,0.6]= 0.6 

σ�(v�)= max[σ(v�,v�),σ(v�,v�)]= max[0.5,0.4]= 0.6 

σ�(v�)= max[σ(v�,v�),σ(v�,v�)]= max[0.4,0.5]= 0.5 

σ�(v�)= max[σ(v�,v�),σ(v�,v�)]= max[0.6,0.5]= 0.6  

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.2 ≤ 0.2 ∧ 0.29 

γ(v�v�)≤ γ(v�)∧ γ(v�)0.3 ≤ 0.4 ∧ 0.4 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.4 ≤ 0.5 ∧ 0.5 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.2 ≤ 0.2 ∧ 0.2 

γ(v�v�)≤ γ�(v�)∧ γ�(v�)0.4 ≤ 0.4 ∧ 0.4 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.5 ≤ 0.5 ∧ 0.6 

V = {v�,v�,v�,v�},D
� = {v�,v�} and V − D� = {v�,v�} 

|D�|=2=sum of dominating elements 

D�(G)= �

(0,0,0) (0.5,0.4,0.5) (0,0,0) (0.4,0.2,0.6)
(0.5,0.4,0.5) (1,1,1) (0.2,0.3,0.4) (0,0,0)
(0,0,0) (0.2,0.3,0.4) (1,1,1) (0.4,0.3)
(0.2,0.3) (0.3,0.1) (0.2,0.4,0.5) (0,0,0)

� where 

μ��(G)= �

1 0.5 0 0.4
0.5 1 0.2 0
0 0.2 1 0.2
0.4 0 0.2 0

�        γ��(G)= �

0 0.4 0 0.2
0.4 1 0.3 0
0 0.3 1 0.4
0.3 0 0.4 0

� and σ��(G)= �

0 0.5 0 0.6
0.5 1 0.4 0
0 0.4 1 0.5
0.6 0 0.5 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 μ��� =

μ��,γ��� = γ�� and σ��� = σ��, for all i=1,2,.....n μ���� = μ��μ�� − μ�� , γ���� = γ��γ�� − γ��� and σ���� = σ��σ�� − σ���, for all 

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

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

 

                                                 Figure  2: G = (V,E)																																							Figure  3: G� = 〈V�,E�〉 

 Consider a dominating neutrosophic graph G = (V,E,μ,γ,σ,μ�,γ�,σ�), where V = {v�,v�,v�,v�} and 

μ�,γ�,σ� are given by μ�:V → [0,1],γ�:V → [0,1] and σ�:V → [0,1] where 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.4,0.5]= 0.4 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.4,0.3]= 0.3 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.3,0.2]= 0.2 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.2,0.5]= 0.2 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.3,0.3]= 0.3 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.3,0.2]= 0.3 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.2,0.3]= 0.3 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.3,0.3]= 0.3 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.3,0.2]= 0.3 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.5,0.5]= 0.5 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.5,0.5]= 0.5 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.5,0.2]= 0.5 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.2 ≤ 0.2 ∧ 0.2 

γ(v�v�)≤ γ(v�)∧ γ(v�)0.3 ≤ 0.3 ∧ 0.3 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.5 ≤ 0.5 ∧ 0.5 

V = {v�,v�,v�,v�},D
� = {v�} and V − D� = {v�,v�,v�} 
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|D�|=1=sum of dominating elements 

 

D�(G)= �

(0,0,0) (0.4,0.3,0.3) (0,0,0) (0.2,0.3,0.5)
(0.4,0.3,0.3) (0,0,0) (0.3,0.2,0.5) (0,0,0)
(0,0,0) (0.3,0.2,0.5) (1,1,1) (0.2,0.3,0.5)
(0.5,0.3,0.2) (0,0,0) (0.2,0.3,0.5) (0,0,0)

�,where μ��(G)=

�

0 0.4 0 0.2
0.4 0 0.3 0
0 0.3 1 0.2
0.5 0 0.2 0

�, γ��(G)= �

0 0.3 0 0.3
0.3 0 0.2 0
0 0.2 1 0.3
0.3 0 0.3 0

� and σ��(G)= �

0 0.3 0 0.5
0.3 0 0.5 0
0 0.5 1 0.5
0.2 0 0.5 0

� 

 Eigen values of μ��(G)= {− 0.5549,0.4064,1.1431,0,0054}=spectrum of μ��(G) 

Eigen values of γ��(G)= {− 0.4692,0.3414,1.1327,− 0.0049}=spectrum of γ��(G) 

Eigen values of σ��(G)= {1.3981,− 0.6218,0.1940,0.0296}=spectrum of σ��(G) 

Dominating energy of neutrosophic graph 

G = (V,E)= �∑��∈� |λ�|,∑��∈� |δ�|,∑��∈� |ρ�|�=[2.1098,1.9482,2.2435] 

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

Consider a dominating neutrosophic graph G = (V,E,μ,γ,σ,μ�,γ�,σ�) where V = {v�,v�,v�,v�} and 

μ�,γ�,σ� are given by μ�:V → [0,1],γ�:V → [0,1] and σ�:V → [0,1] where 

μ�(v�)= min[μ(v�v�)]= min[0.3]= 0.3 

μ�(v�)= min[μ(v�v�)]= min[0.4]= 0.4 

μ�(v�)= min[μ(v�v�)]= min[0.3]= 0.3 

μ�(v�)= min[μ(v�v�]= min[0.4]= 0.4 

γ�(v�)= max[γ(v�v�)]= max[0.3]= 0.3 

γ�(v�)= max[γ(v�v�)]= max[0.3]= 0.3 

γ�(v�)= max[γ(v�v�)]= max[0.3]= 0.3 

γ�(v�)= max[γ(v�v�)]= max[0.3]= 0.3 

σ�(v�)= max[σ(v�v�)]= max[0.5]= 0.5 

σ�(v�)= max[σ(v�v�)]= max[0.5]= 0.5 

σ�(v�)= max[σ(v�v�)]= max[0.5]= 0.5 

σ�(v�)= max[σ(v�v�)]= max[0.5]= 0.5 

Here, v� dominates v� because 
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μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.3 ≤ 0.3 ∧ 0.3 

γ(v�v�)≤ γ(v�)∧ γ(v�)0.3 ≤ 0.3 ∧ 0.3 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.5 ≤ 0.5 ∧ 0.5 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.4 ≤ 0.4 ∧ 0.4 

γ(v�v�)≤ γ(v�)∧ γ(v�)0.3 ≤ 0.3 ∧ 0.3 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.5 ≤ 0.5 ∧ 0.5 

V = {v�,v�,v�,v�},D
� = {v�,v�} and V − D� = {v�,v�} 

|D�|=2=sum of dominating elements 

D�(G)= �

(1,1,1) (0,0,0) (0.3,0.3,0.5) (0,0,0)
(0,0,0) (1,1,1) (0,0,0) (0.4,0.3,0.5)
(0.3,0.3,0.5) (0,0,0) (0,0,0) (0,0,0)
(0,0,0) (0.4,0.3,0.5) (0,0,0) (0,0,0)

� where 

μ��(G)= �

1 0 0.3 0
0 1 0 0.4
0.3 0 0 0
0 0.4 0 0

�, γ��(G)= �

1 0 0.3 0
0 1 0 0.3
0.3 0 0 0
0 0.3 0 0

� and σ��(G)= �

1 0 0.5 0
0 1 0 0.5
0.5 1 0 0
0 0.5 0 0

� 

 Eigen values of μ��(G)= {1.0830,− 0.0830,1.4031,− 0.1403}=spectrum of μ��(G) 

Eigen values of γ��(G)= {1.0830,− 0.0830,1.0830,− 0.0830} =spectrum of γ��(G) 

Eigen values of σ��(G)= {1.2071,− 0.2071,1.2071,− 0.2071} =spectrum of σ��(G) 

Dominating energy of complement of neutrosophic graph 

G = (V,E)= �∑��∈� |λ�|,∑��∈� |δ�|,∑��∈� |ρ�|�=[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� ∩ V� = ∅ and G = G� ∪ G� =

〈V� ∪ V�,E� ∪ E�〉 be the union of G� and G�. Then the union of neutrosophic graphs G� and G� is neutrosophic 

graph defined by 

(μ� ∪ μ��)(v)= �
μ�(v) if				v ∈ v� − v�
μ��(v) if				v ∈ v� − v�

 ,								(γ� ∪ γ��)(v)= �
γ�(v) if				v ∈ v� − v�
γ��(v) if				v ∈ v� − v�

 

(σ� ∪ σ��)(v)= �
σ�(v) if				v ∈ v� − v�
σ��(v) if				v ∈ v� − v�

 and   (μ� ∪ μ��)(v�,v�)= �
μ�(e��) if				e�� ∈ E� − E�
μ��(e��) if				e�� ∈ E� − E�

 

where (μ�,γ�,σ�) and (μ��,γ��,σ��) refer the vertex truth-membership, indeterminacy-membership and falsity-

membership of G� and G� respectively,(μ�,γ�,σ�) and (μ��,γ��,σ��) 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) 

          

                 Fig. 4: G�                              Fig.5: G� 

  Consider a dominating neutrosophic graph G = (V,E,μ,γ,σ,μ�,γ�,σ�) , where	V = {v�,v�,v�,v�} and 

μ�,γ�,σ� are given by μ�:V → [0,1],γ�:V → [0,1] and σ�:V → [0,1] where 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.1,0.05]= 0.05 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.54,0.1]= 0.1 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.54,0.25]= 0.25 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.05,0.25]= 0.05 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.05,0.2]= 0.2 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.05,0.01]= 0.05 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.01,0.1]= 0.1 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.2,0.1]= 0.2 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.2,0.1]= 0.2 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.2,0.25]= 0.25 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.25,0.3]= 0.3 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.1,0.3]= 0.3 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.05 ≤ 0.05 ∧ 0.05 

γ(v�v�)≤ γ(v�)∧ γ(v�)0.2 ≤ 0.2 ∧ 0.2 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.05 ≤ 0.2 ∧ 0.3 

V = {v�,v�,v�,v�},D
� = {v�} and V − D� = {v�,v�,v�} 

|D�|=1=sum of dominating elements 
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D�(G�)= �

(1,1,1) (0.1,0.05,0.2) (0,0,0) (0.05,0.5,0.2)

(0.1,0.05,0.2) (0,0,0) (0.54,0.01,0.25) (0,0,0)
(0,0,0) (0.54,0.01,0.25) (0,0,0) (0.25,0.1,0.3)
(0.05,0.5,0.2) (0,0,0) (0.25,0.1,0.3) (0,0,0)

� where  

μ��(G�)= �

1 0.1 0 0.05
0.1 0 0.54 0
0 0.54 0 0.25
0.05 0 0.25 0

� γ��(G�)= �

1 0.05 0 0.5
0.05 0 0.01 0
0 0.01 0 0.1
0.5 0 0.1 0

� and     

 σ��(G�)= �

1 0.2 0 0.2
0.2 0 0.25 0
0 0.25 0 0.3
0.2 0 0.3 0

� 

 Eigen values of μ��(G�)= {1.0186,− 0.5989,0.5803,0}=spectrum of μ��(G�) 

Eigen values of γ��(G�)= {1.2101,− 0.2442,0.0341,0}=spectrum of γ��(G�) 

Eigen values of σ��(G�)= {1.0846,− 0.4194,0.3354,− 0.0006}=spectrum of σ��(G�) 

Dominating energy of neutrosophic graph 

G = (V,E)= �∑��∈� |λ�|,∑��∈� |δ�|,∑��∈� |ρ�|�=[2.1978,1.4884,1.84] 

Also we find the dominating energy of neutrosophic graph G�(V,E): 

Let V = {v�,v�} 

μ�(v�)= min[μ(v�v�]= max[0.12]= 0.12 

μ�(v�)= min[μ(v�v�)]= max[0.12]= 0.12 

γ�(v�)= max[γ(v�v�)]= min[0.28]= 0.28 

γ�(v�)= max[γ(v�v�)]= min[0.28]= 0.28 

σ�(v�)= max[σ(v�v�)]= min[0.17]= 0.17 

σ�(v�)= max[σ(v�v�)]= min[0.17]= 0.17 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.12 ≤ 0.12 ∧ 0.12 

γ(v�v�)≤ γ�(v�)∧ γ�(v�)0.28 ≤ 0.28 ∧ 0.28 

σ(v�v�)≤ σ�(v�)∧ σ�(v�)0.17 ≤ 0.17 ∧ 0.17 

Here, V = {v�,v�} and D� = {v�};V − D
� = {v�} 

|D�|=1=sum of dominating elements. 

D�(G�)= �
(1,1,1) (0.12,0.28,0.17)
(0.12,0.28,0.17) (0,0,0)

�, where 
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μ��(G�)= �
1 0.12
0.12 0

� γ��(G�)= �
1 0.28
0.28 0

� and σ��(G�)= �
1 0.17
0.17 0

� 

Eigen values ofμ��(G�)= {1.0142,− 0.0141}=spectrum of μ��(G�) 

Eigen values of γ��(G�)= {1.07306,− 0.0736}=spectrum of γ��(G�) 

Eigen values of σ��(G�)= {1.0281,− 0.0281}=spectrum of σ��(G�) 

Dominating energy of neutrosophic graph  

G = (V,E)= �∑��∈� |λ�|,∑��∈� |δ�|,∑��∈� |ρ�|�=[0.0183,1.1466,1.0562] 

Now we find the dominating energy of union of neutrosophic graph G� ∪ G� 

 

Fig.6: G� ∪ D� 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.1,0.05]= 0.05 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.54,0.1]= 0.1 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.54,0.25]= 0.25 

μ�(v�)= min[μ(v�v�),μ(v�v�)]= min[0.05,0.25]= 0.05 

μ�(u�)= min[μ(u�u�]= min[0.12]= 0.12 

μ�(u�)= min[μ(v�u�)]= min[0.12]= 0.12 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.05,0.2]= 0.2 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.05,0.01]= 0.05 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.01,0.1]= 0.1 

γ�(v�)= max[γ(v�v�),γ(v�v�)]= max[0.2,0.1]= 0.2 

γ�(u�)= max[γ(u�u�)]= max[0.28]= 0.28 

γ�(u�)= max[γ(u�u�)]= max[0.28]= 0.28 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.2,0.1]= 0.2 
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σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.2,0.25]= 0.25 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.25,0.3]= 0.3 

σ�(v�)= max[σ(v�v�),σ(v�v�)]= max[0.1,0.3]= 0.3 

σ�(u�)= max[σ(u�u�)]= max[0.17]= 0.17 

σ�(u�)= max[σ(u�u�)]= max[0.17]= 0.17 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.05 ≤ 0.05 ∧ 0.05 

γ(v�v�)≤ γ(v�)∧ γ(v�)0.2 ≤ 0.2 ∧ 0.2 

σ(v�v�)≤ σ(v�)∧ σ(v�)0.05 ≤ 0.2 ∧ 0.3 

Here, u� dominates u� because 

μ(u�v�)≤ μ�(u�)∧ μ�(u�)0.12 ≤ 0.12 ∧ 0.12 

γ(u�u�)≤ γ�(u�)∧ γ�(u�)0.28 ≤ 0.28 ∧ 0.28 

σ(u�u�)≤ σ�(u�)∧ σ�(u�)0.17 ≤ 0.17 ∧ 0.17 

V = {v�,v�,v�,v�,u�,u�},D
� = {v�,u�} and V − D� = {v�,v�,v�,u�} 

|D�|=2=sum of dominating elements 

D�(G� ∪ G�)=

							

⎣
⎢
⎢
⎢
⎢
⎡
(1,1,1) (0.1,0.05,0.2) (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) (0.25,0.1,0.3) (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  

μ��(G� ∪ G�)=

⎣
⎢
⎢
⎢
⎢
⎡
1 0.1 0 0.05 0 0
0.1 0 0.54 0 0 0
0 0.54 0 0.25 0 0
0.05 0 0.25 0 0 0
0 0 0 0 1 0.12
0 0 0 0 0.12 0 ⎦

⎥
⎥
⎥
⎥
⎤

, (G� ∪ G�)=

⎣
⎢
⎢
⎢
⎢
⎡
1 0.05 0 0.2 0 0
0.05 0 0.01 0 0 0
0 0.54 0 0.25 0 0
0.05 0 0.25 0 0 0
0 0 0 0 1 0.28
0 0 0 0 0.28 0 ⎦

⎥
⎥
⎥
⎥
⎤

 

and 

σ��(G� ∪ G�)=

⎣
⎢
⎢
⎢
⎢
⎡
1 0.2 0 0.1 0 0
0.2 0 0.25 0 0 0
0 0.25 0 0.3 0 0
0.1 0 0.3 0 0 0
0 0 0 0 1 0.17
0 0 0 0 0.17 0 ⎦

⎥
⎥
⎥
⎥
⎤
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Eigen values of μ��(G� ∪ G�)= {1.0186,− 0.5989,0.5803,0,1.0141,− 0.0141}=spectrum of μ��(G� ∪ G�) 

Eigen values of γ��(G� ∪ G�)= {1.0143,0.0173,− 0.2718,0.2401,1.0730,− 0.0730}=spectrum of γ��(G� ∪ G�) 

Eigen values of σ��(G� ∪ G�)= {1.0537,− 0.4059,0.3601,− 0.0079,1.028,− 0.0281}=spectrum of σ��(G� ∪ G�) 

Dominating energy of union of neutrosophic graph  

G = (V,E)= �∑��∈� |λ�|,∑��∈� |δ�|,∑��∈� |ρ�|�=[3.226,2.6895,2.8897]  

3.3  Dominating energy in join of neutrosophic graph 

  The join of two neutrosophic graph 

G = G� + G� = 〈V� ∪ V�,E� ∪ E�〉 defined by  

(μ� + μ��)(v)= (μ� ∪ μ��)(v) if v ∈ V� ∪ V� 

(γ� + γ��)(v)= (γ� ∪ γ��)(v) if v ∈ V� ∪ V� 

(σ� + σ��)(v)= (σ� ∪ σ��)(v) if v ∈ V� ∪ V� 

(μ� + μ��)(v�v�)= (μ� ∪ μ��)(v�v�) if v�v� ∈ E� ∪ E� 

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

Consider a dominating neutrosophic graph G = (V,E,μ,γ,σ,μ�,γ�,σ�) where V = {v�,v�,v�,v�} 

andμ�,γ�,σ� are given by μ�:V → [0,1],γ�:V → [0,1] and σ�:V → [0,1] where  

 

Fig.7: G = G� + G� 

  μ�(v�)= min[μ(v�v�),μ(v�u�),μ(v�v�)]= min[0.17,0.23,0.26]= 0.17 

μ�(v�)= min[μ(v�v�),μ(v�u�),μ(v�v�)]= min[0.17,0.27,0.34]= 0.17 

μ�(v�)= min[μ(v�v�),μ(v�v�),μ(v�u�)]= min[0.34,0.24,0.13]= 0.13 

μ�(v�)= min[μ(v�v�),μ(v�u�),μ(v�v�)]= min[0.26,0.20,0.25] 

μ�(u�)= min[μ(u�v�),μ(u�v�),μ(u�u�)]= min[0.27,0.20,0.12]= 0.12 
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μ�(u�)= min[μ(u�u�),μ(u�v�),μ(u�v�)]= min[0.12,0.23,0.13]= 0.12 

γ�(v�)= max[γ(v�v�),γ(v�u�),γ(v�v�)]= max[0.25,0.16,0.21]= 0.25 

γ�(v�)= max[γ(v�v�),γ(v�u�),γ(v�v�)]= max[0.25,0.11,0.28]= 0.28 

γ�(v�)= max[γ(v�v�),γ(v�v�,γ(v�u�)]= max[0.28,0.18,0.15]= 0.28 

γ�(v�)= max[γ(v�v�),γ(v�u�),γ(v�v�)]= max[0.21,0.20,0.18]= 0.21 

γ�(u�)= max[γ(u�v�),γ(u�v�),γ(u�u�)]= max[0.11,0.20,0.28]= 0.28 

γ�(u�)= max[γ(u�u�),γ(u�v�),γ(u�v�)]= max[0.28,0.16,0.15]= 0.28 

σ�(v�)= max[σ(v�v�),σ(v�u�),σ(v�v�)]= max[0.23,0.25,0.17]= 0.25 

σ�(v�)= max[σ(v�v�),σ(v�u�),σ(v�v�)]= max[0.23,0.5,0.25]= 0.25 

σ�(v�)= max[σ(v�v�),σ(v�v�,σ(v�u�)]= max[0.25,0.5,0.11]= 0.25 

σ�(v�)= max[σ(v�v�),σ(v�u�),σ(v�v�)]= max[0.17,0.15,0.5]= 0.17 

σ�(u�)= max[σ(u�v�),σ(u�v�),σ(u�u�)]= max[0.5,0.15,0.28]= 0.28 

σ�(u�)= max[σ(u�u�),σ(u�v�),σ(u�v�)]= min[0.28,0.25,0.11]= 0.28 

Here, v� dominates v� because 

μ(v�v�)≤ μ�(v�)∧ μ�(v�)0.17 ≤ 0.17 ∧ 0.17γ(v�v�)≤ γ�(v�)∧ γ�(v�)0.25 ≤ 0.25 ∧ 0.25 

V = {v�,v�,v�,v�,u�,u�},D
� = {v�,u�} and V − D� = {v�,v�,v�,u�} 

|D�|=2=sum of dominating elements 

 

 D�(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) (0.27,0.11,0.5) (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) (0.25,0.18,0.5) (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  

 

μ��(G)=

⎣
⎢
⎢
⎢
⎢
⎡
1 0.17 0 0.28 0 0
0.17 0 0.36 0 0.27 0
0 0.36 0 0.25 0 0.13
0.26 0 0.25 0 0.20 0
0 0.27 0 0.20 1 0.12
0.17 0 0.13 0 0.28 0 ⎦

⎥
⎥
⎥
⎥
⎤

, γ��(G)=

⎣
⎢
⎢
⎢
⎢
⎡
1 0.25 0 0.21 0 0
0.25 0 0.28 0 0.11 0
0 0.28 0 0.18 0 0.5
0.21 0 0.18 0 0.20 0
0 0.11 0 0.20 1 0.28
0.25 0 0.15 0 0.28 0 ⎦

⎥
⎥
⎥
⎥
⎤

 

and 
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σ��(G)=

⎣
⎢
⎢
⎢
⎢
⎡
1 0.23 0 0.17 0 0
0.23 0 0.25 0 0.5 0
0 0.25 0 0.5 0 0.11
0.17 0 0.5 0 0.5 0
0 0.5 0 0.15 1 0.28
0.23 0 0.11 0 0.28 0 ⎦

⎥
⎥
⎥
⎥
⎤

 

 

 Eigen values of μ��(G)= {1.2241,1.0118,− 0.5402,0.3163,− 0.0061+ i0.0054,− 0.0061− i0.0054} = 

spectrum of μ��(G) 

Eigen values of γ��(G)= {1.2108,1.0184,− 0.5190,0.2687,0.0255,− 0.004}=spectrum of γ��(G) 

Eigen values of σ��(G)= {1.4069,0.9828,− 0.7028,0.4109,− 0.1051,0.0072}=spectrum of σ��(G) 

Dominating Energy of join of neutrosophic graph  

G = (V,E)= �∑��∈� |λ�|,∑��∈� |δ�|,∑��∈� |ρ�|�=[0.0121+i0.0108,3.0469,3.6157] 

  Let G = (V,E,μ,γ,σ,μ�,γ�,σ�) be a dominating neutrosophic graph with vertex set V = {v�,v�,....v�}, 

edge set E. Let 

D� = {u�,u�,....u�} be a dominating set. If λ�,λ�,....λ� are the eigen values of dominating matrix 

μ��(G) then  

(i) ∑���� λ� = |D
�|, (ii)∑���� λ�

� = ∑���� μ��
� + 2∑������� μ��μ�� 

if δ�,δ�,....δ� are the eigen values of dominating matrix γ��(G) then  

(iii)∑���� δ� = |D
�|, (iv)∑���� δ�

� = ∑���� γ��
� + ∑������� γ��γ�� 

and if ρ�,ρ�,....ρ� are the eigen values of dominating matrix σ��(G) then (v)∑���� ρ� = |D
�|, 

(vi)∑���� ρ�
� = ∑���� σ��

� + ∑������� σ��σ�� 

Proof: 

(i) We know that the sum of the eigen values of μ��(G) is equal to the trace of μ��(G)∑
�
��� λ� =

∑���� μ�� = |D
�|. 

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

∑���� λ�
� = traceof(μ��(G))

�=μ��μ�� + μ��μ�� + μ��μ��+ .....+ μ��μ�� + μ��μ�� + μ��μ�� +

μ��μ��+ .....+ μ��μ��+ ......................................+ + μ��μ�� + μ��μ�� + μ��μ��+ .....+ μ��μ�� 

�
�

���
λ�
� = �

�

���
μ��
� + 2�

�������
μ��μ�� 

(iii) We know that the sum of the eigen values of γ��(G) is equal to the trace of γ��(G)∑
�
��� δ� =

∑���� γ�� = |D
�|. 

(iv)Similarly, the sum of the squares of the eigen values of γ��(G) is equal to the trace of (γ��(G))
�.  
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∑���� δ�
�=trace of (γ��(G))

�	= γ��γ�� + γ��γ�� + γ��γ��+ .....+ γ��γ�� + γ��γ�� + γ��γ�� +

γ��γ��+ .....+ γ��γ��+ ......................................+ + γ��γ�� + γ��γ�� + γ��γ��+ .....+ γ��γ�� 

�
�

���
δ�
� = �

�

���
γ��
� + �

�������
γ��γ�� 

(v) We know that the sum of the eigen values of σ��(G) is equal to the trace of σ��(G)∑
�
��� ρ� =

∑���� σ�� = |D
�|. 

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

∑���� ρ�
�=trace of (σ��(G))

�=σ��σ�� + σ��σ�� + σ��σ��+ .....+ σ��σ�� + σ��σ�� + σ��σ�� +

σ��σ��+ .....+ σ��σ��+ ......................................+ σ��σ�� + σ��σ�� + σ��σ��+ .....+ σ��σ�� 

∑���� ρ�
� = ∑���� σ��

� + ∑������� σ��σ��   Let G = (V,E,μ,γ,σ,μ�,γ�,σ�) be a dominating neutrosophic graph 

with n vertices and m edges. If D� is the dominating set then 

(i)�∑���� μ��
� + 2∑������� μ��μ�� + n(n − 1)|A|

�

� ≤ E(μ��G)≤ �n�∑
�
��� μ��

� + 2∑������� μ��μ���  where |A| 

is the determinant of μ��(G). 

(ii) �∑���� γ��
� + 2∑������� γ��γ�� + n(n − 1)|B|

�

� ≤ E(γ��G)≤ �n�∑
�
��� γ��

� + 2∑������� γ��γ��� Where 

|B| is the determinant of γ��(G). 

(iii) �∑���� σ��
� + 2∑������� σ��σ�� + n(n − 1)|C|

�

� ≤ E(σ��G)≤ �n�∑
�
��� σ��

� + 2∑������� σ��σ��� Where 

|C| is the determinant of σ��(G). 

Proof: Cauchy Schwarz inequality is [∑���� a�b�]
� ≤ [∑���� a�

�][∑���� b�
�] 

Upper bound: 

If a� = 1,b� = |λ�| then [∑���� |λ�|]
� ≤ [∑���� 1][∑

�
��� λ�

�]  

 (E(μ��(G)))
� ≤ n�∑���� μ��

� + 2∑������� μ��μ��� 

 E(μ��(G))≤ �n�∑
�
��� μ��

� + 2∑������� μ��μ���...............(1) 

Lower bound: 

(E(μ��(G)))
� = ��

�

���
|λ��

�

= �
�

���
|λ�|

� + 2�
�������

|λ�||λ�

= ��
�

���
μ��
� + 2�

�������
μ��μ��� + 2

n(n − 1)

2
AM�������{|λ�||λ�|} 

But, AM�������{|λ�||λ�|}≥ GM�������{|λ�||λ�|} 

Therefore,   E(μ��(G))≥ �∑
�
��� μ��

� + 2∑������� μ��μ�� + n(n − 1)GM�������{|λ�||λ�|} 
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GM�������{|λ�||λ�|}= ��
�������

|λ�||λ�|�

�

�(���)

 

 = [∏���� |λ�|
���]

�

�(���) = [∏���� |λ�|]
�

� = |A|
�

�E(μ��(G))≥

�∑���� μ��
� + 2∑������� μ��μ�� + n(n − 1)|A|

�

�.............(2) 

From (1) and (2)  

 �∑���� μ��
� + 2∑������� μ��μ�� + n(n − 1)|A|

�

� ≤ E(μ��G)≤ �n�∑
�
��� μ��

� + 2∑������� μ��μ��� 

Similarly, we can prove  

�∑���� γ��
� + 2∑������� γ��γ�� + n(n − 1)|B|

�

� ≤ E(γ��G)≤ �n�∑
�
��� γ��

� + 2∑������� γ��γ��� and 

�∑���� σ��
� + 2∑������� σ��σ�� + n(n − 1)|C|

�

� ≤ E(σ��G)≤ �n�∑
�
��� σ��

� + 2∑������� σ��σ���    

Let G = (V,E,μ,γ,σ) be an neutrosophic graph and let A(G)= (μ(G),γ(G),σ(G)) be an neutrosophic 

graph adjacency matrix of G. Let G� = (V,E,μ,γ,σ,μ�,γ�,σ�) be the dominating neutrosophic graph of G and let 

D(G)= (μ��(G),γ��(G),σ��(G)) be the dominating neutrosophic adjacency matrix of G�. Then  

(i)(E(μ��(G)))
� ≤ n[∑���� μ��

� + (E(μ(G)))�](ii)(E(γ��(G)))
� ≤ n[∑���� γ��

� +

(E(γ(G)))�](iii)(E(σ��(G)))
� ≤ n[∑���� σ��

� + (E(σ(G)))�] 

Proof: 

(E(μ(G)))� ≥ 2�
�������

μ��μ�� + n(n − 1)|A|
�

� ≥ 2�
�������

μ��μ��(i.e)2�
�������

μ��μ�� ≤ (E(μ(G)))
� 

 Now (E(μ��(G)))
� ≤ n∑���� μ��

� + 2n∑������� μ��μ��(E(μ��(G)))
� ≤ n∑���� μ��

� + (E(μ(G)))� 

Similarly, we can prove  

(E(γ(G)))� ≥ 2�
�������

γ��μ�� + n(n − 1)|A|
�

� ≥ 2�
�������

γ��γ��(i.e)2�
�������

γ��γ�� ≤ (E(γ(G)))
� 

 Now, (E(γ��(G)))
� ≤ n∑���� γ��

� + 2n∑������� γ��γ��(E(γ��(G)))
� ≤ n∑���� γ��

� + (E(γ(G)))� 

and 

(E(σ(G)))� ≥ 2�
�������

σ��μ�� + n(n − 1)|A|
�

� ≥ 2�
�������

σ��σ��(i.e)2�
�������

σ��σ�� ≤ (E(σ(G)))
� 

 Now, (E(σ��(G)))
� ≤ n∑���� σ��

� + 2n∑������� σ��σ��(E(σ��(G)))
� ≤ n∑���� σ��

� + (E(σ(G)))� 

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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