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Abstract 
 
Energy conservation is a vital concern for the spectrum of applications in 

wireless sensor networks. “A Wireless Sensor Network is a network with a 

number of sensor nodes that communicate with each other using radio signals 
in order to detect, track and describe these phenomena. The aggregation of 

data between sensor nodes is enormous unless successful sensor data flow 

management is enacted. Clustering the sensor nodes is known to be a 

significant solution to this problem. Databases, machine learning, governing 
the best or undeviating or cheapest route are the general purpose of the graph 

theory in technology. This control sub-field of discrete mathematics is used 

by applications in most network systems. Let G = (V, E) be a simple 
undirected graph and S is a subset of V if S is referred to as a dominant set of 

V-S adjacent to at least one vertex in S”. We analysed applications of Enegry 

Optimization’s secure domination parameters in wireless sensor networks in 

this article. 
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1 Introduction 
 

A Wireless Sensor Network (WSN) is group of wireless sensor nodes to 

form a temporary network without any existing infrastructure or centralised 

management. In geographical area, thousand heterogeneous sensors are 

positioned to form WSN and interacted together. underwater and 
underground WSNs are used in land. In military applications, this WSNs is 

used as military field surveillance. In many industrial and civilian 

applications, they are now used. Areas such as monitoring and regulation of 
manufacturing processes, computer health monitoring, monitoring of the 

environment and habitat, applications for healthcare, home automation, and 

traffic control. In such networks, energy is one of main resource. In hostile 

environment, access to these networks is not possible that rise the 
fundamental issue, namely energy feeding sensors. A wireless sensor, 

initially equipped with an energy stack, could be out of service before its 

mission ends. It is a challenge of great importance to optimise the lifetime of 
these sensors, thus networking the lifetime. The clustering technique allows 

sensor nodes to interact with the nearby cluster head that lead to achieve 

energy efficiency. 
 

 

1.1 Graph Theory Terminology 
 

Let G be a graph with vertex set V and edge set E, which is simple and 

undirected. U is referred to as neighbour of vertex v in G for any vertex it 

contains edge between them. “The set S is called open 

neighborhood . If it is closed then . The 

number of edges with vertex v is referred to as the degree of v. It is denoted 

by deg(v).If G is the r-degree of each vertex, it is called the r-regular graph. 

A 3-regular graph is referred to as a cubic graph, whereas a 4-regular graph is 
referred to as a quartic graph. If each pair of separate vertices of G is 

adjacent to G, a graph G is called a complete graph. A complete graph, 

denoted by  with n vertices. The independent vertex set of graph G is a 
sub-set of vertices such that the edge of G is not represented by two vertices 

in the subset. Cilque is called a complete sub graph of G. It is denoted by 

ω(G). A related acyclic graph is known as a tree” [1,2,3]. 
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2 Literature Survey 
  

W.F. Klostemeyer studied the secure domination number and secure total 

domination number in graphs [4]. The topological structure and analysis of 

Interconnection Networks are analyzed by M.Xu [5]. J.F.Fink and etal 
dicussed by the bondage number of the graphs [6]. The Transportation 

networks and application of bondage number was analyzed by Sambor Guze 

[7]. Energy efficient clustering algorithms in wireless sensor networks are 
anlysed by V. Kumar and et al [8]. P. Kuila and et al. proposed Energy 

efficient clustering and routing algorithms for wireless sensor networks [9]. 

The Energy aware optimal cluster head selection in wireless sensor networks 

was anlyzed by M. Natarajan and et al [10]. Z. Ali and W. Shahzad studied 
the Analysis of routing protocols in adhoc and sensor wireless networks 

based on swarm intelligence [11]. The wireless sensor networks lifetime are 

analysed by I. Dietrich and et al [12]. “Optimal control Strategy using PV 
based LUO converter for a Micro Grid to an Unelectrified Zone” are 

dicussedby P.Sivagamiand et al. [13]. The upper secure domination number 

of graphs is analyzed by S. Arumugam and et al .   

 

3 Preliminaries 
 

3.1   Definition 
 

“If any vertex in V\S is adjacent to at least one vertex in S, a subset S of 

V is called a dominating set of G”. 
 

3.2 Definition 
 

“The domination number of G is known as the cardinality of a minimum 

dominating set and is denoted by ”. 
 

3.3 Definition 
 

“The dominating set S of G is a secure dominating set if for each 

  there exists   such that   is a 

dominating set. In this case we say that u is S-defended by v or v S-defends 
u”. 

 

3.4 Definition 
 

“The minimum cardinality of a secure dominating set is the secure 

domination number and is denoted by ”. 
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4 Main Results 
 

4.1   System Model  
  

The sensor network is spread over the sensing region at random. “In each 
data round, the cluster head nodes are selected by the Base Station by their 

remaining energy levels. In their scheduled time, the cluster member nodes 

have to send their data to the CH nodes and aggregation is done in the CH 

node”. This paper assumes that each sensor node in the network is given a 
unique identifier and that it uses a GPS receiver to know its location. 

 

4.2   Cluster Formation Phase 
  

The sensor nodes will relay to the central base station the position data 

obtained by the use of GPS and the remaining energy reserves. “The base 
station will select the CH nodes that have more than the threshold level of 

their energy level. And the threshold level is decreased for the selection of 

new CH nodes in each data collection round. The already elected CH nodes 

will also not participate in the next option of CH nodes to spread the energy 
consumption equally between the nodes”.The structure of the quartic graph 

with girth 4 algorithm on n vertices is defined as follows. 

 

4.3 Algorithm 
 

Quartic graph with girth 4 on n vertices: 

INPUT: The number of vertices of a connected graph with degree 4. 

OUTPUT: For , G = Quartic graph with girth 4 on n vertices.  

Step 1: V = { } 

Step 2: E =  ∪  ∪ 

∪  ∪  ∪ . 

 
Figure 1: quartic graph of order 8 with girth 4 
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In fig 1.Shows G be a quartic graph of order 8 with girth 4. The secure 
domination number of vertices is indicated by dark vertices. 

 
Figure 2: quartic graph of order 9 with girth 3 

In fig 2 Shows G be a quartic graph of order 9 with girth 3. The secure 

domination number of vertices is indicated by dark vertices. 

 

4.4 Observation 
   

 “Let G be a quartic graph with girth 3 of order 7, then the secure 
dominance number of G is γs(G) = 3. 

 

4.5 Observation 
  

Let G be a quartic graph with girth 4 of order 8, then the secure 

dominance number of G is γs(G) = 3. 

 

4.6 Observation 
  

Let G be a quartic graph with girth 3 of order 9, then the secure 
dominance number of G is γs(G) = 4”. 

 

4.7 Theorem 
      

Let G be a quartic graph with girth 4 of order n≥10, then the secure 

dominance number of G is =  

Proof: 

      Let G contains set of vertices { }. Then all 

vertices are with degree four. Then vertex is adjacent to  

and . It makes girth four. Therefore any  is adjacent to  

and . The proof of theorem we having the two cases. 
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Case (i) If  In this case number of vertices are 6, 9, 

12,…,3i, where  By the construction of quadratic with girth 4 

any  is dominated by  and  vertices so atleast two 
dominating vertices need for girth four. But secure dominating set need three 

vertices. The dominating set is atleast  for  and it secure 

dominating set  for   and so on. In this way we proceed atleast 

one vertex need to add for   vertices in secure dominating number. Hence 

.  

Case (ii) Suppose the number of vertices other than  We 

used the same method. We need not add one extra vertex if is prove that  

in all other vertices. It is proving the theorem. 

 

4.8 Theorem 
     

Let G be a quartic graph with girth 4 of order , then 

 . 

Proof:  
        Let G be four regular and contains girth four and any vertices ui contain 

at least four neighborhood. Every girth four contains atleast two independent 

vertices. Then the whole graph having less than  vertices. By the definition 

of secure dominating set  and independent set combined which is satisfies 

the inequality. Hence the theorem proved. 
 

5 Bondage Number 
 

5.1   Definition 
 

“The bondage number  of a graph G is the cardinality of the 

smallest set of edges E for which . 
 

5.2   Definition 
 

The secure bondage number   of a graph G is the cardinality of 

smallest edge set E of edges for which ”. 

 

5.3   Lemma 

The bondage number of the n-cycle then  
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5.4 Lemma 

 For cycles Cn,  then   

 

5.5 Theorem 
     

If G be a quartic graph with girth 4 of order , then the secure 

bondage number . 

Proof:       
Let G be four regular graphs with girth four. (i.e.) each vertex having 

four neighborhoods. By using the lemma 5.3. We have atleast remains 3 

edges for increasing the secure bondage number. Hence the theorem proved. 

 

6 Results and Discussion 
        

We proposed some graph theory approach wireless sensor network. The 
following secure domination number related results are analysed [14].  

i) For the path graph with n vertices Pn. We have  for    

n≥4.  

ii) For the cycle graph with n vertices Cn. We have  for 

n≥4. 

iii) If G is complete graph with n vertices then . 

iv) If G is wheel graph with n vertices then   for n≥5”. 

In this aricle we found some secure domination number and secure 
bondage number of some family of graph networks. Also we discussed 

system model and cluster formation phase of wirelesss sensor network. 

  

7 Conclusion 
 

 The secure domination number and secure bondage number are the two 
domination parameters play important role in computer network theory. In 

this article we defined the quartic graph with girth four and find secure 

domination number and secure bondage number. Also we analyzed some 
application of secure domination parameters of those graphs. 

 

8 Future Work 
  

In Future, planning to develop new software for proposed algorithms for 

some domination parameters of graph with girth 4 of message containing text 
or sentences with characters, numbers, special characters. And will elaborate 

the comparative study of proposed algorithms with other available existing 

graph theory algorithms. 
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