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Abstract 

Throughout this paper, some properties of the sum even domination are 

introduced. Moreover, the operation join of two paths is defined. Finally, for all 

possibly cases of join of two paths, the even sum domination number is 

determined. 
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Introduction 

A graph theory 𝐺 𝑉, 𝐸 depends on two sets, the first set (vertex set) contains the vertices of this 

graph and denoted by 𝑉 𝐺  or 𝑉 and the second set (edge set) contains the edges of this graph and 

denoted by 𝐸 𝐺  or 𝐸.Nowadays, graph theory has become a new language that most other sciences 

deal with to find alternative or new solutions to their problems, such as medicine, engineering, 

statistics, physics, chemistry and others.The most important notions in graph theory that deal with 

many application in most sciences is the concept of dominating set.  The first used this concept is 

Berge in 1962 [7].After thisthis concept appear in various sciences especially,  in mathematics 

where it is deal with most subjects as topological graph [2] and [15] , labeled graph [3], number 

theory graph [1], topological indices [5-6], and others. Moreover, many new definition presented to 

solve variant life problems [4], [11-14], and [16-22]. Omran and Ihsan[19],introduced  a new 

parameter of domination number which is called even sum domination. They determined many 

bound of this number and get important results, also, they calculated this number for most the 

certain graphs such as path, cycle, complete, and others. In this paper, the resulting graph of the join 
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operationis discussed. All possible cases resulting from this binary operation have been discussed 

and thus the even sum domination number for each case has been calculated. 

Definition 2.1. [19]Let G be a graph and  𝐷 ⊆ 𝐺 be a dominating set and for all ∀𝑢 ∈ 𝑉 − 𝐷, there 

is adjacent vertex in the set D say 𝑣 such that 𝑑𝑒𝑔 𝑣 + 𝑑𝑒𝑔 𝑢  is even, so the set D is called even 

sum dominating set (ESDS). 

Definition 2.2. [19] Let 𝐷 be a minimal ESDS, so the minimum value of all these set is called even 

sum domination number and written by 𝛾𝑒𝑠  (𝐺). 

The set D has property that mentioned above is called 𝛾𝑒𝑠 -set. 

Observation 1.4. [19] Consider G be a graph and 𝐷 ⊆ 𝐺 is 𝛾𝑒𝑠 −set, so 

1) Every ESDS contains each an isolated vertex. 

2) For all a vertex in 𝑉 − 𝐷, there is a vertex in the set D such that the two vertices are odd or even 

together.  

3) If the degree of a vertex is odd and all the neighborhood of this vertex are even 9or vice versa), 

then this vertex belong to every ESDS. 

4) 𝛾𝑒𝑠 𝐺 ≤ 𝛾 𝐺 . 

Corollary 1.6.[19] 

1)  𝛾𝑒𝑠(𝐾𝑛) = 𝛾 𝐾𝑛 = 1 

2) 𝛾𝑒𝑠(𝐶𝑛) = 𝛾 𝐶𝑛 =  
𝑛

3
  

3) 𝛾𝑒𝑠(𝑁𝑛) = 𝛾 𝑁𝑛 = 𝑛 

2 Main results. 

Proposition 2.1. Let 𝐺 be a graph isomorphic to the graph 𝑃𝑛 + 𝑃𝑚 ; 𝑛 = 1,2, then 

𝛾𝑠𝑐 𝐺 =  

1,                                                       𝑖𝑓 𝑛 = 1 𝑎𝑛𝑑 𝑚 = 1   
3,          𝑖𝑓 𝑛 = 1 𝑎𝑛𝑑 𝑚 𝑖𝑠 𝑜𝑑𝑑; 𝑚 > 1 𝑜𝑟 𝑛 = 2 𝑎𝑛𝑑 𝑚 𝑖𝑠 𝑜𝑑𝑑; 𝑚 > 1

1 +  
𝑚 − 2

3
 , 𝑖𝑓 𝑛 = 1 𝑎𝑛𝑑 𝑚 𝑖𝑠 𝑒𝑣𝑒𝑛; 𝑚 ≥ 2 𝑜𝑟  𝑛 = 2 𝑎𝑛𝑑 𝑚 𝑖𝑠 𝑒𝑣𝑒𝑛; 𝑚 ≥ 2

  

Proof.  Let  𝑢1  and  𝑣1, 𝑣2 , … , 𝑣𝑚   be the vertex set of the two paths 𝑃1 and 𝑃𝑚  respectively, sotwo 

cases depend on 𝑛 are classification: 

Case 1. If 𝑛 = 1, then there are two cases are classification:. 

I) If 𝑚 = 1, then 𝑃𝑛 + 𝑃𝑚 ≡ 𝑃2 this yields 𝛾𝑒𝑠 𝐺 = 1. 
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II) If 𝑚 ≥ 2, then two subcases are classification: 

Subcase 1.If 𝑚 𝑖𝑠 𝑜𝑑𝑑; 𝑚 > 1, then 𝑑𝑒𝑔 𝑢1  is odd, 𝑑𝑒𝑔 𝑣1  𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑛  are even, and 

𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑛 − 1 are odd (as an example, see Figure 2.1). 

 

 

 

 

 

Fig. 2.1.  The graph 𝑃1 × 𝑃7 

The vertex 𝑢1even sum dominates to all vertices  𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1 , since 𝑢1 is adjacent to all 

vertices  𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1  and 𝑑𝑒𝑔 𝑢1 + 𝑑𝑒𝑔 𝑣𝑖 is even ∀ 𝑖;  𝑖 = 2, … , 𝑛 − 1. The two vertices 

𝑣1 𝑎𝑛𝑑 𝑣𝑛  belong to every even sum dominating set according to the Observation 1.3(3). Thus, the 

set 𝐷1 =  𝑢1, 𝑣1, 𝑣𝑛  is the minimum ESD, and 𝛾𝑒𝑠 𝐺 = 3. 

Subcase2. If 𝑚 𝑖𝑠 𝑒𝑣𝑒𝑛; 𝑚 > 2, then 𝑑𝑒𝑔 𝑢1  is even, 𝑑𝑒𝑔 𝑣1  𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑛  are even, and 

𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑛 − 1 are odd (as an example, see Figure 2.2). 

 

 

 

 

 

Fig. 2.2.  The graph 𝑃1 × 𝑃6 

So, the vertex 𝑢1 even sum dominates to the two vertices 𝑣1  𝑎𝑛𝑑 𝑣𝑛 . The remain vertices not 

dominate by the vertex is the set of vertices 𝑆 =  𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1  and the induced subgraph of 

the set S is isomorphic to the 𝑃𝑚−2, but the special case here is all vertices of the induced subgraph 

have odd degree. Thus, 𝛾𝑠𝑐 𝑃𝑚−2 =  
𝑚−2

3
 , so 𝛾𝑠𝑐 𝐺 = 1 +  

𝑚−2

3
 . 

 

𝑣5 𝑣7 𝑣6 𝑣4 𝑣3 𝑣2 𝑣1 

𝑢1 

𝑣5 𝑣6 𝑣4 𝑣3 𝑣2 𝑣1 

𝑢1 
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Case 2. If 𝑛 = 2, then three subcases are discussed as the following. 

Let  𝑢1, 𝑢2  and  𝑣1, 𝑣2 , … , 𝑣𝑚   be the vertex sets of the paths 𝑃2 and 𝑃𝑚  respectively. then three 

subcases are discussed as the following. 

 

Subcase 1. If 𝑛 = 𝑚 = 2, then 𝑃2 + 𝑃2 ≡ 𝐾4, then 𝛾𝑒𝑠 𝐺 = 1, according to the Corollary 1.6. 

Subcase 2. If𝑛 = 2 𝑎𝑛𝑑 𝑚 𝑖𝑠 𝑜𝑑𝑑; 𝑚 > 2,  then 𝑑𝑒𝑔 𝑢1 , 𝑑𝑒𝑔 𝑢1 , 𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑛 − 1 

are even and 𝑑𝑒𝑔 𝑣1 , 𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑛 are odd, and (as an example, see Figure 2.3). 

 

 

 

 

 

Fig. 2.3.  The graph 𝑃2 × 𝑃5 

Now, according to Observation 1.2 (3), the two vertices 𝑣1 and 𝑣𝑛  belong to every ESDS. The 

vertex 𝑢1 is dominates all vertices 𝑢2 and all vertices of the set 𝑆 =  𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1  and the 

summation of degree of the vertex 𝑢1 with any vertex of the set S is even, so the set 𝐷 =

 𝑢1, 𝑣1, 𝑣𝑛  is the minimum ESDS. Thus,  𝛾𝑠𝑐 𝐺 = 3. 

Subcase 3. If 𝑛 = 2 𝑎𝑛𝑑 𝑚 𝑖𝑠 𝑒𝑣𝑒𝑛; 𝑚 > 2,  then 𝑑𝑒𝑔 𝑢1 , 𝑑𝑒𝑔 𝑢2 , 𝑑𝑒𝑔 𝑣1 , 𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑛  are 

odd, and 𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑛 − 1 are even (as an example, see Figure 2.4). 

 

 

 

 

 

Fig. 2.4.  The graph 𝑃2 × 𝑃6 

𝑣4 𝑣5 𝑣3 𝑣2 𝑣1 

𝑢2 𝑢1 

𝑣5 𝑣6 𝑣4 𝑣3 𝑣2 𝑣1 

𝑢2 𝑢1 
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So, the vertex 𝑢1 even sum dominates to the three vertices 𝑢2 , 𝑣1 𝑎𝑛𝑑 𝑣𝑛 . The remain vertices not 

dominate by the vertex is the set of vertices 𝑆 =  𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1  and the induced subgraph of 

the set S is isomorphic to the 𝑃𝑚−2, but the special case here is all vertices of the induced subgraph 

have even degree. Thus, 𝛾𝑠𝑐 𝑃𝑚−2 =  
𝑚−2

3
 , so 𝛾𝑒𝑠 𝐺 = 1 +  

𝑚−2

3
 . 

Depending of all cases above, the required is obtained.    □ 

 

Proposition 2.2. Consider𝐺 be a graph isomorphic to the graph 

𝑃𝑛 + 𝑃𝑚 ; 𝑛, 𝑚 ≥ 3, then 

𝛾𝑠𝑐 𝐺 =

 
 
 
 
 

 
 
 
 

2,        𝑖𝑓 n is even and m is odd and 𝑚 ≤ 5 𝑎𝑛𝑑 𝑛 = 4
3,                                      𝑖𝑓 𝑛 𝑎𝑛𝑑 𝑚 𝑎𝑟𝑒 𝑜𝑑𝑑 𝑎𝑛𝑑 𝑛 ≤ 5 

             𝑜𝑟 𝑖𝑓 n is even and m is odd and 𝑚 ≤ 5 𝑎𝑛𝑑 𝑛 > 4
             𝑜𝑟 𝑖𝑓 n is even and m is odd and 𝑚 > 5 𝑎𝑛𝑑 𝑛 = 4
          𝑜𝑟 𝑖𝑓 n is even and m is even and 𝑛 𝑜𝑟 𝑚 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 4

4, 𝑖𝑓 n is even and m is odd 𝑎𝑛𝑑 𝑛 > 5 𝑎𝑛𝑑 𝑚 > 4
𝑜𝑟 𝑖𝑓 n is even and m is even and 𝑛 , 𝑚 > 4

𝑜𝑟𝑖𝑓 𝑛 𝑎𝑛𝑑 𝑚 𝑎𝑟𝑒 𝑜𝑑𝑑 𝑎𝑛𝑑 𝑛 > 5  

  

Proof.Let  𝑢1, 𝑢2 , … , 𝑢𝑛  and  𝑣1, 𝑣2, … , 𝑣𝑚   be the vertex sets of the two paths 𝑃𝑛  and 𝑃𝑚  

respectively. Three cases are discussed as the following. 

 

Case 1. If 𝑛 is even and 𝑚 is even, then 𝑑𝑒𝑔 𝑢1 , 𝑑𝑒𝑔 𝑢1 , 𝑑𝑒𝑔 𝑣1 , 𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑛  are odd, and 

𝑑𝑒𝑔 𝑢𝑖 ; 𝑖 = 2, … , 𝑛 − 1 and 𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑚 − 1are even , so there are discussed as the 

following. 

Subcase 1. If𝑛 𝑜𝑟 𝑚 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜 4, then without loss of generality, suppose that 𝑛 = 4. The vertex 𝑢1 

dominates the two vertices 𝑣1 𝑎𝑛𝑑 𝑣𝑛  . the remain vertex has odd degree not dominated by the 

vertex 𝑢1 is 𝑢𝑛  so the two vertices 𝑢1 𝑎𝑛𝑑 𝑢𝑛are dominate the four vertices 𝑢1, 𝑢2 , 𝑣1, 𝑎𝑛𝑑 𝑣𝑛 . The 

remain vertices have even degree which are the two vertices 𝑢2  𝑎𝑛𝑑 𝑢3 and the set 𝑆 =

 𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1 . The vertex 𝑢2 dominates the vertex 𝑢3 and all vertices in the set 𝑆, moreover, 

the summation of the degree of the vertex 𝑢2 and the degree of each vertex in the 𝑆 is even. Thus, 

the set 𝐷 =  𝑢1, 𝑢2, 𝑢𝑛  is a minimum ESDS (as an example, see Figure 2.5) and 𝛾𝑠𝑐 𝐺 = 3. 
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Fig. 2.5.  The graph 𝑃4 + 𝑃6 

Subcase 2. If 𝑛 , 𝑚 > 4, then in the same manner in previous subcase, the two vertices 

𝑢1 𝑎𝑛𝑑 𝑢𝑛are dominate the four vertices 𝑢1, 𝑢2, 𝑣1 , 𝑎𝑛𝑑 𝑣𝑛 . Also, The remain vertices have even 

degree which are the two sets  𝑆1 =  𝑢𝑖 , 𝑖 = 2, … , 𝑛 − 1  and 𝑆2 =  𝑣𝑖 , 𝑖 = 2, … , 𝑚 − 1 . There is 

no vertex in the above sets dominates all other vertices in these sets, since if the vertex taken from 

any sets say 𝑆1, then this vertex not dominates the other vertices in the set 𝑆1 because 𝑛 > 5. Let 

𝐷 =  𝑢1, 𝑢2, 𝑣2 , 𝑢𝑛 , so as mentioned above two vertices 𝑢1  𝑎𝑛𝑑 𝑢𝑛are dominate the four vertices 

𝑢1, 𝑢2 , 𝑣1, 𝑎𝑛𝑑 𝑣𝑛 . Also, the vertex 𝑢2 dominates all vertices in the set 𝑆2, and the vertex 𝑣2 

dominates all vertices in the set 𝑆1. Furthermore, the degree of each vertex 𝑢1𝑜𝑟 𝑢𝑛  with each 

vertex 𝑣1 𝑜𝑟 𝑣𝑛  is even, also the degree of the degree of the vertex 𝑢2with any vertex in the set 𝑆2 is 

even and the degree of the degree of the vertex 𝑣2with any vertex in the set 𝑆1 is even. Thus, the set 

𝐷 is a minimum ESDS, and (as an example, see Figure 2.6) and 𝛾𝑠𝑐 𝐺 = 4.  

 

 

 

 

Fig. 2.6.  The graph 𝑃6 + 𝑃6 

Case 2. If 𝑛 and 𝑚 is odd,  then 𝑑𝑒𝑔 𝑢1 , 𝑑𝑒𝑔 𝑢𝑛 , 𝑑𝑒𝑔 𝑣1 , 𝑎𝑛𝑑 𝑑𝑒𝑔 𝑣𝑛  are even, and 

𝑑𝑒𝑔 𝑢𝑖 ; 𝑖 = 2, … , 𝑛 − 1  and 𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑚 − 1  are odd, so two cases are discussed as the 

following. 

Subcase 1. If 𝑛 𝑜𝑟 𝑚 ≤ 5, then without loss of generality, suppose that 𝑛 ≤ 5.  In the same manner 

in previous subcase the two vertices 𝑢1  𝑎𝑛𝑑 𝑢𝑛are dominate the four vertices 𝑢1 , 𝑢2, 𝑣1, 𝑎𝑛𝑑 𝑣𝑛 . 

𝑢6 𝑢1 

𝑣6 

𝑢4 𝑢5 

𝑣4 𝑣5 𝑣3 𝑣2 𝑣1 

𝑢3 𝑢2 
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Also, the remain vertices haveodddegree which is one vertex if 𝑛 = 3 or two vertices if 𝑛 = 5 and 

the set 𝑆 =  𝑣𝑖 , 𝑖 = 2, … , 𝑛 − 1 . If 𝑛 = 3, then the vertex 𝑢2  even sum dominates all vertices in 

the set 𝑆 while the vertex 𝑢3 even sum dominates the two vertices 𝑢2 and 

𝑢4 and all vertices in the set 𝑆. Thus, the set 𝐷 =  𝑢1, 𝑢2, 𝑢𝑛  is a minimum ESDS where  𝑛 = 3  or 

𝐷 =  𝑢1, 𝑢3, 𝑢𝑛  is a minimum ESDS where  𝑛 = 5  (as an example, see Figure 2.7) and for each 

cases,  𝛾𝑠𝑐 𝐺 = 3. 

 

 

 

 

Fig. 2.7.  The graph 𝑃5 + 𝑃7 

Subcase 2. If 𝑛 , 𝑚 > 5, then as the same technique in the case 1 ( Subcase 2) above, one can be 

concluded that 𝛾𝑠𝑐 𝐺 = 4, (as an example, see Figure 2.8). 

 

 

 

 

 

Fig. 2.8.  The graph 𝑃7 + 𝑃7 

Case 3. If 𝑛 is even and 𝑚 is odd or vice versa, without loos of generality suppose that n is even and 

m is odd, then 𝑑𝑒𝑔 𝑢1 , 𝑑𝑒𝑔 𝑢𝑛  and 𝑑𝑒𝑔 𝑣𝑖 ; 𝑖 = 2, … , 𝑚 − 1 are even degree. Also, 

𝑑𝑒𝑔 𝑣1 , 𝑑𝑒𝑔 𝑣𝑛  and 𝑑𝑒𝑔 𝑢𝑖 ; 𝑖 = 2, … , 𝑛 − 1 are odd degree, so four casesare discussed as the 

following. 

Subcase 1. If 𝑛 = 4 𝑎𝑛𝑑 𝑚 ≤ 5, then The vertex 𝑢2 dominates the three vertices 𝑢3, 𝑣1 , 𝑎𝑛𝑑 𝑣𝑛  and 

the summation of the degree of the vertex 𝑢2 with each one of the vertices 𝑢3 , 𝑣1, 𝑎𝑛𝑑 𝑣𝑛  is even. 

𝑢7 𝑢1 𝑢6 

𝑢7 𝑣6 

𝑢4 𝑢5 

𝑣4 𝑣5 𝑣3 𝑣2 𝑣1 

𝑢3 𝑢2 

𝑢5 

𝑢7 𝑣6 

𝑢3 𝑢4 

𝑣4 𝑣5 𝑣3 𝑣2 𝑣1 

𝑢2 𝑢1 
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Moreover, the vertex 𝑣2 dominates the vertices 𝑢1 𝑎𝑛𝑑 𝑢𝑛  if 𝑚 = 3 while the vertex 𝑣3 dominates 

the vertices 𝑢1, 𝑢𝑛 , 𝑣2  𝑎𝑛𝑑 𝑣4 if 𝑚 = 5, (as an example, see Figure 2.9). Thus, for each cases above, 

the set 𝐷 =  𝑢2, 𝑣2  where 𝑚 = 3 or 𝐷 =  𝑢2, 𝑣3   where 𝑚 = 5 is a minimum ESDS, and  

𝛾𝑠𝑐 𝐺 = 2. 

 

 

 

 

A                                                     B 

Fig. 2.9.  The graphs (A)  𝑃4 + 𝑃3 and (B) 𝑃4 + 𝑃5. 

Subcase 2. If 𝑛 > 4 𝑎𝑛𝑑 𝑚 ≤ 5, again the vertex 𝑣2 dominates the vertices 𝑢1 𝑎𝑛𝑑 𝑢𝑛  if 𝑚 = 3 

while the vertex 𝑣3 dominates the vertices 𝑢1, 𝑢𝑛 , 𝑣2  𝑎𝑛𝑑 𝑣4 if 𝑚 = 5. There is no a vertex 

dominates all vertices which have odd degree, since 𝑛 > 4, then the two vertices 𝑣1 𝑎𝑛𝑑 𝑣𝑛  

dominate the all vertices have odd degree. Thus, the set 𝐷 =  𝑣1, 𝑣2 , 𝑣𝑛  is a minimum ESDS (as an 

example, see Figure 2.10), and 𝛾𝑠𝑐 𝐺 = 2. 

 

 

 

 

 

A                                                     B 

Fig. 2.10.  The graphs (A)  𝑃6 + 𝑃3 and (B) 𝑃6 + 𝑃5. 

Subcase 3. If 𝑛 = 4 𝑎𝑛𝑑 𝑚 > 5, then The vertex 𝑢2 dominates the three vertices 𝑢3, 𝑣1 , 𝑎𝑛𝑑 𝑣𝑛  and 

the summation of the degree of the vertex 𝑢2 with each one of the vertices 𝑢3 , 𝑣1, 𝑎𝑛𝑑 𝑣𝑛  is 

even.The other vertices in the graph G have even degree and there is no vertex dominates all these 

𝑢1 𝑢4 

𝑣4 𝑣5 𝑣3 𝑣2 𝑣1 
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vertices, since 𝑚 > 5 (as an example, see Figure 2.11). Let 𝐷 =  𝑢2, 𝑣1, 𝑣𝑛  it is clear that 𝐷 is 

ESDS and has minimum cardinality, so 𝛾𝑠𝑐 𝐺 = 3. 

 

 

 

 

Fig. 2.11.  The graph 𝑃4 + 𝑃7 

Subcase 4. If 𝑛 > 4 𝑎𝑛𝑑 𝑚 > 5, there is no one vertex dominates the vertices which haven odd 

degree, since 𝑛 > 4. Also, there is no one vertex dominates the vertices which haven even degree, 

since 𝑚 > 5 (as an example, see Figure 2.12).  Let 𝐷 =  𝑢1, 𝑢𝑛 , 𝑣1 , 𝑣𝑛  it is clear that 𝐷 is ESDS 

and has minimum cardinality, so 𝛾𝑠𝑐 𝐺 = 4. 

 

 

 

 

Fig. 2.12.  The graph 𝑃6 + 𝑃7 

Depending of all cases above, the required is obtained□ 

References 

[1] S. K. Al-Asadi, A. A. Omran, and F.A. Al-Maamori, SOME PROPERTIES OF MOBIUS 

FUNCTION GRAPH ℳ 1 , Advanced Mathematical Models and Applications, Vol.7, No.1, 

pp.48-54, 2022. 

[2] K. S. Al'Dzhabri, A. A. Omran, and M. N. Al-Harere, DG-domination topology in Digraph, 

Journal           of Prime Research in Mathematics, 2021, 17(2), pp. 93-100. 

[3] M.N. Al-Harere, A. A. Omran, Binary operation graphs, AIP conference proceeding 2086, 

2019. 

𝑣4 𝑣3 𝑣2 𝑣1 𝑢7 𝑣6 

𝑢3 𝑢4 

𝑣5 

𝑢2 𝑢1 

𝑢1 𝑢6 

𝑢7 𝑣6 

𝑢4 𝑢5 

𝑣4 𝑣5 𝑣3 𝑣2 𝑣1 

𝑢3 𝑢2 



Mathematical Statistician and Engineering Applications 
ISSN: 2094-0343 

2326-9865 
 

 
8903 

 
Vol. 71 No. 4 (2022) 

http://philstat.org.ph 

 

[4] A. Alwan and A. A. Omran, Domination Polynomial of the Composition of Complete  Graph 

and Star Graph, J. Phys.: Conf. Ser. 1591 012048,2020. doi:10.1088/1742 6596/1591/1/012048. 

[5] Alsinai, A., Alwardi, A., Ahmed, H., &Soner, N.D. (2021d). Leap Zagreb indices for the 

Central graph of graph. Journal of Prime Research in Mathematics, 2(17), 73-78. 

[6] Alsinai, A., Alwardi, A., &Soner, N.D. (2021c). Topological Properties of Graphene Using Y 

kpolynomial: In Proceedings of the Jangjeon Mathematical Society, 3(24),375-388. 

[7] C. Berge, The theory of graphs and its applications, Methuen and Co, London,1962. 

[8] G. Chartrand and L. Lesniak, Graphs and Digraphs,  Chapman & Hall/CRC, 2005. 

[9] T. W. Haynes, S. T. Hedetniemi, and P. J. Slater, Fundamentals of Domination in Graphs, 

MarcelDekker, New York, NY, USA, 1998 . 

[10] F. Harary, Graph theory, Addison-Wesley, Reading, Mass., 1969. 

[11]  T. A. Ibrahim and A. A. Omran, Upper whole domination in a graph, Journal of 

DiscreteMathematical Sciences and Cryptography, 25(1), pp. 73-81, 2022. 

[12] T. A. Ibrahim and  A. A. Omran, Restrained Whole Domination in Graphs,  J. Phys.: Conf. 

Ser . 1879 (2021) 032029 doi:10.1088/1742-6596/1879/3/032029 . 

[13] S. A. Imran and A. A. Omran, Total co-even domination in graphs in some of engineering 

project theoretically, AIP Conference Proceedings, 2386, 060012, 2022. 

[14] S. A. Imran and A. A. Omran, The Stability or Instability of Co-Even Domination in Graphs, 

Applied Mathematics and Information Sciences, 16, No. 3, 473-478 (2022). 

[15] A. A. Jabor and A. A. Omran, Hausdorff Topological of Path in Graph, 2020 IOP Conf. Ser.:  

       Mater. Sci. Eng. 928 042008. doi:10.1088/1757-899X/928/4/042008. 

[16] A. A. Omran, M. N. Al-Harere,and  Sahib Sh. Kahat, Equality co-neighborhood domination in 

graphs, Discrete Mathematics, Algorithms and Applications, vol. 14, No. 01, 2150098(2022). 

[17] A. A. Omran and T. A. Ibrahim, Fuzzy co-even domination of strong fuzzy graphs, Int. J.  

        Nonlinear Anal. Appl. 12(2021) No. 1, 727-734. 

[18] A. A. Omran and M. M. Shalaan, Inverse Co-even Domination of Graphs,  2020 IOP Conf. 

Ser :.Mater. Sci. Eng. 928 042025. doi:10.1088/1757-899X/928/4/042025. 

[19]   I.M. Rasheed and A. A. Omran, Even sum domination in graphs with algorithm, AIP 

Conference Proceedings 2386, 2022. 

[20] M. M. Shalaan and A. A. Omran, Co-Even Domination Number in Some Graphs, 2020 IOP 

Conf .Ser.: Mater. Sci. Eng. 928 042015. doi:10.1088/1757-899X/928/4/042015 . 

[21] S. H. Talib, A. A. Omran , and Y. Rajihy, Additional Properties of Frame Domination in 

Graphs,  J. Phys.: Conf. Ser. 1664 012026, 2020. doi:10.1088/1742-6596/1664/1/012026. 

https://www.scopus.com/authid/detail.uri?authorId=57202222820#disabled


Mathematical Statistician and Engineering Applications 
ISSN: 2094-0343 

2326-9865 
 

 
8904 

 
Vol. 71 No. 4 (2022) 

http://philstat.org.ph 

 

[22] S. H. Talib, A. A. Omran , and Y. Rajihy , Inverse Frame Domination in Graphs , IOP Conf .

Ser.: Mater. Sci. Eng. 928 042024, 2020. doi:10.1088/1757-899X/928/4/042024. 

[23] H. J. Yousif and A. A. Omran, Inverse 2- Anti Fuzzy Domination in Anti fuzzy graphs, IOP 

Publishing Journal of Physics: Conference Series 1818 (2021) 012072.  

 

 

 

 

 

 


