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Abstract:- By the inspiration of the work extended adjacency matrix[11], the concept of minimum efficient 

dominating extended matrix is established. In this manuscript, minimum efficient dominating extended matrix 

( )eD
exA  is calculated using the degree of the nodes and hence energy is obtained by the sum of the latent values of 

the matrix ( )eD
exA . The minimum efficient dominating extended energy  ( )eD

exE  for complete graph, crown graph, 

friendship graph, cycle graph and path graph are estimated. Also the assets and restrictions of minimum efficient 

dominating extended energy are also calculated. 
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1. Introduction 

The concept of energy of a graph was introduced by I. Gutman [3] in the year 1978. Let G be a graph with p 

nodes and q lines. Let ( )ijxA =  be the adjacency matrix of the graph. The latent values p ,...,, 21 of A, 

assumed in non increasing order, are the latent values of the graph G. As A is real symmetric, the latent values 

of G are real with sum equal to zero. The energy E(G) of G is defined to be the sum of the absolute values of 

the latent values of G.  
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1.1 Dominating Set: 

 Let G be a simple graph of order p and size q. A subset D of V is called a dominating set of G if every 

node of V – D is adjacent to some node in D.[7] 

1.2 Extended Energy: 

 Extended matrix of G is the pp matrix defined by ( )ijex xGA =)(  where  
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             The latent values of )(GAex  are called extended latent values. The extended energy of G is 

described as 
=

=

p

i

iexE

1

  where p ,...,, 21 are the latent values of )(GAex .[11] 
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1.3 Minimum Efficient Dominating Extended Energy: 

 Let   be a simple graph of order p and size q. A node set D in   is an minimum efficient dominating 

set (EDS) for   if for every node DNa − , there is exactly one 𝑑 ∈ 𝐷 dominating a. The minimum 

efficient dominating extended matrix of   is a pp matrix )()(
ij

eD

ex
xA = where, 
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 The minimum efficient dominating extended latent values of the graph   are the latent values of 

)(eD

ex
A . The minimum efficient dominating extended energy of   is defined as 

=

=
p

i

i

eD

ex
E

1

 )( . 

2. Illustration 

Let   be the graph and  
54321

aaaaaN ,,,,=  be its node set. Its minimum efficient dominating set 

 51 aaEDS ,= . 
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The minimum efficient dominating extended latent values are 

 755511 .−=   651902 .−=   117403 .−=  

  809914 .=    714925 .=  

The minimum efficient dominating extended energy, 04967
1
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3. Assets of Miniumum Efficient Dominating Extended Latent Values 

Theorem 3.1: 

 Let   = (p, q) be a simple graph. Let p ,...,, 21  be the latent values of )(eD

ex
A . 

Then,   
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Proof: 

(i) The totality of the latent values of )(eD

ex
A is the trace of )(eD
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Theorem 3.2: 

 Let   = (p, q) be a simple graph. Let EDS be the minimum efficient dominating set of   . Let
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Proof: 

(i) From the definition of ))(det(),(  eD

exxxx
AIg −= , follows that 10 =y . 

(ii) Since the sum of diagonal elements of )(eD

ex
A  is equal to EDS . Thus, 
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4. Minimum Efficient Dominating Extended Energy Of Complete Graph, Crown Graph And Friendship 

Graph 

Theorem – 4.1: 

 For 2p , the minimum efficient dominating extended energy of Complete graph pK  is 

522 2 +−+− ppp )( . 

Proof: 

 pK is a Complete graph with node collection  
p

aaaN ,...,,
21

= . The minimum efficient 

dominating set  1aEDS = . 
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The determinantal equation is  

 0111 22 =−−−+ −
))(()(  pp

 

The minimum efficient dominating extended latent values are 
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Theorem 4.2: 

 For 2p , the minimum efficient dominating extended energy of a Crown graph 
0

p
S is 

523222 22 +−+−++− ppppp )( . 
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Proof: 

Let the nodes of a crown graph 
0

p
S  be {𝑎1, 𝑎2, … , 𝑎𝑝 , 𝑏1, 𝑏2, … 𝑏𝑃}. The minimum efficient dominating set

 11 baEDS ,=  
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Theorem 4.3: 

 For 2p , the minimum efficient dominating extended energy of Friendship graph pF  is

12412 2 +−+− ppp )( . 

Proof: 

 Let the nodes set of Friendship graph pF be  1221 +paaa ,...,, . Then the minimum efficient 

dominating set  1aEDS = . 

 















































+








+









+








+









+








+









+








+









+








+








+








+

=








0
2

2

2

2

2

1
00

2

2

2

2

2

1

2

2

2

2

2

1
000

2

2

2

2

2

1

000
2

2

2

2

2

1

2

2

2

2

2

1

00
2

2

2

2

2

1
0

2

2

2

2

2

1

2

2

2

2

2

1

2

2

2

2

2

1

2

2

2

2

2

1

2

2

2

2

2

1
1













p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p
FeD

exA

  

The determinantal equation is  
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4.4 SPECIAL CASE 

Cycle graph 

 For 3n , the minimum efficient dominating extended energy for pC  can be computed only when

)(mod 30p .  

Example: 

The minimum efficient dominating extended energy of the Cycle graph 3C  is 3.8284 

Solution: 

The minimum efficient dominating set of the given graph is EDS =  
1

a . 
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The Determinantal equation is 

 0121 2 =−−+ ))((   

The minimum efficient dominating extended latent values are 
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The minimum efficient dominating extended energy is 
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Path graph 

 For 𝑛 ≥ 3, the minimum efficient dominating extended energy  for pP  can be computed only when

)mod(, 321p . 

 

Example: 

The minimum efficient dominating extended energy of the Path graph 4P  is 5.7016 

Solution: 

The minimum efficient dominating set of the Path graph EDS =  
41

aa , . 
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The minimum efficient dominating extended latent values are 

 25002600812500060081 4321 .... ==−=−=    

The minimum efficient dominating extended energy is 
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5. Restrictions for Minimum Efficient Dominating Extended Energy 

Theorem 5.1: 

 If )(
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specified in next theorem. 
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Milovanic bounds[8] for extended distance energy are proved below. 
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Proof: 
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Proof:  
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,,0 stand actual numbers nourishing 
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Hence the proof. 

Conclusion 

In this paper, the minimum efficient dominating extended energy of complete graph, crown graph and friendship 

graph are estimated. As the special case, the minimum efficient dominating extended energy of cycle graph 𝐶3 

and path graph 𝑃4 are discussed. Also the assets and restrictions of minimum efficient dominating extended 

energy are derived. 

Extended adjacency matrices are used to calculate the boiling point of the alkanes [11]. This application can be 

extended for efficient dominating extended energy in future. 

 

Refrences 

[1] Adiga. C, Bayad. A, Gutman. I, Srinivas. S. A, The Minimum Covering Energy of a Graph, Kragujevac J. 

Sci. Volume 34, 2012, 39 – 56. 

[2] Bapat. R. B, Graphs and Matrices, Hindustan Book Agency, 2011 

[3] Gutman. I, The energy of a graph, Ber. Math. Stat. Sekt. Forschungsz. Graz, Volume 103, 1 – 22, 1978. 

[4] Harishchandra S. Ramane,  Energy of Graphs, Handbook of Research on Advanced Applications of Graph 

Theory in Modern Society, 2020. 

[5] Koolen.J.H and Moulton.V, Maximal energy graphs, Adv. Appl. Math., 26, 47 – 52, 2001 

[6] Li. X, Shi. Y, Gutman. I, Graph Energy, Springer, New York, 2012.  

[7] Meenakshi. S, Lavanya. S, Efficient Dominating Energy, Middle – East Journal of Scientific Research, 

Volume 24, Issue 9, 2995 – 2997, 2016. 

[8] Milovanovi. I. Z, Milovanovi_c. E. I and Zaki. A, A short note on graph energy, Math Commun. Math. 

Comput. Chem, 72, 179 – 182, 2014. 

[9] Rajesh Kanna. M. R, Dharmendra. B. N and Sridhara. G, Minimum Dominating Energy of a Graph, 

International Journal of Pure and Applied Mathematics, Volume 85, Issue 4, 707 – 718, 2013. 

[10] Rajesh Kanna. M. R, Roopa. S, Minimum Dominating Extended Energy, International Journal of Scientific 

& Technology Research, Volume 9, Issue 03, March 2020. 

[11] Yang. Y. Q, Xu. L, Hu. C. Y, Extended Adjacency matrix indices and their applications, J. Chem. Inf. 

Comput. Sci, Volume 34, 1140 – 1145, 1994. 

[12] Yogalakshmi. Y, Mary. U, Sreeja. S, A Study on Covering Extended Energy of Some Graphs, Indian 

Journal of Natural Sciences, Vol. 14, Issue 77, 2023. 

 


