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1. INTRODUCTION 
       To construct new graph from a specific algebraic structure, we need to consider its structure with its properties. For 
instance, groups and rings are different algebraic structures with different conditions both having the commutatively 
property. Based on this property, there are some graphs have been introduced and named by commuting and non-
commuting graphs. More specifically, in [1] the author studied a graph named by commuting graph for a finite group 
and in such graph any two different vertices are connect whenever the product of them is abelian. Moreover, the other 
side of the product has been provided by [2] as a non-commuting graph of a finite groups and any two distinct vertices 
are adjacent whenever their product is non-abelian. By following this approach, many authors followed this direction 
by introducing new graphs each one is distinct from the other according to the property that has been considered by the 
given graph. Some of these works was the conjugacy class graph of a given group which been provided by Bertram 
et.al [3]. This graph was defined when the vertices set of it which is the set of non-central conjugacy classes of a group 
and two different vertices are adjacent whenever their cardinalities are not co-prime. Furthermore, a graph named by 
neutrosophic graph for some finite groups has been presented by Chalapath and Kumar [4] with some of its basic 
properties have been investigated. In [5] the author introduced the compatible action graph for groups of prime power 
order which focused on the case of compatibility of actions when þ is an odd prime. Then, in [6] he completed the sub-
graph of the mentioned graph with some of its properties. In this paper, we introduced the non-compatible action graph 
of two finite groups of prime power order by considering the case of non-compatible actions of their non-abelian tensor 
product and studied some properties of it. Then, we computed its adjacency matrix with some of its properties.      
 
2. BASIC CONCEPTS 
       This section included some definitions and some of the past results which are used in this study which have been 
stated as follows.   
Definition 2.1 [7] Let Ʊ and Ʊ′ are þ-groups. Then, an action of Ʊ on Ʊ′ is the mapping 𝜑:Ʊ ⟶ Aut(Ʊ′) in which 
𝜑(𝓍𝓎)(𝓏) = 𝜑(𝓍)(𝜑(𝓎)(𝓏)) where 𝓍,𝓎 ∈ Ʊ and 𝓏 ∈ Ʊ′. 

ABSTRACT: This article focused on the notion of the non-abelian tensor product of groups of prime power order. 
Particularly, it presented new graph named as Non-compatible action graph and discussed some of its properties. 
Moreover, this graph concentrated on the case of non-compatible actions of the tensor product of two finite þ-
groups. Furthermore, its adjacency matrix has been determined and discussed in detail. Moreover, the adjacency 
matrix has been denoted by Â(ӶƱ⨂Ʊ!

#$# ) and its inputs are 1 whenever there is adjacency and 0 otherwise.  
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Definition 2.2 [7] Let Ʊ and Ʊ′ are þ-groups in which each one act on the other. The actions of these groups are said to 
be compatible on each other with the actions of Ʊ and Ʊ′ on themselves by conjugation if 𝓍′	

( 𝓎)	
		𝓍 = ( ( 𝓍′))	

𝓍$%
	
𝓎

	
	
	
𝓍

 and 

𝓎′	
( 𝓍)			
𝓎

= ( ( 𝓎′))	
𝓎$%

	
𝓍

	
	
	
𝓎

 for all 𝓍, 𝓍′ ∈ Ʊ and 𝓎,𝓎′ ∈ Ʊ. 

Proposition 2.1 [7] Let Ʊ and Ʊ′ be two groups such that the action of Ʊ on Ʊ′ is trivial. If Ʊ is abelian, then the action 
of Ʊ is compatible with any other action of Ʊ′.  

Theorem 2.1 [8] Let Ʊ	 = 〈𝓍〉 ≅ Čþᶆ and Ʊ′	 = 〈𝓎〉 ≅ Čþᶇ are groups of prime power order where þ is an odd prime 
and ᶆ, ᶇ ≥ 2. Moreover, let ŋ ∈ Aut(Ʊ) for which |ŋ| = þ+, 𝜔 = 1,⋯ ,ᶆ − 1 and ŋ′ ∈ Aut(Ʊ′) in which |ŋ′| = þ, , 𝜀 =
1,⋯ , ᶇ − 1. Then, (ŋ, ŋ-) is compatible pair iff 𝜔 + 𝜀 ≤ min	{ᶆ, ᶇ}. 

Theorem 2.2 [8] Let  Ʊ	 = 〈𝓍〉 ≅ Č.ᶆ and Ʊ′ = 〈𝓎〉 ≅ Č.ᶇ are groups of 2-power order in which the actions upon each 
other given by 𝓎 = 𝓎	𝓊	

𝓍  and 𝓍 = 𝓍	𝓋	
𝓎  with 𝓊,𝓋 ∈ ℕ.  Moreover, let the action of Ʊ′ on Ʊ has an order 21 and the 

action of Ʊ on Ʊ′ has an order 22 with 𝑠, 𝑡 ∈ ℕ. Then, the action are compatible iff 𝓋 ≡ 1 mod 21 and 𝓊 ≡ 1 mod 22.  

Theorem 2.3 [9] Let Ʊ be a cyclic group of order 2ᶆ, ᶆ ≥ 3. Then, Aut(Ʊ) ≅ Č. × Č.ᶆ$)  and |Aut(Ʊ)| = 2ᶆ45.  

Theorem 2.4 [9] Let Ʊ be a cyclic group of prime power order with þ is an odd prime and	ᶆ ∈ 𝑍6. Then, Aut(Ʊ) ≅
Čþ45 × Čþᶆ$%  and |Aut(Ʊ)| = (þ − 1)þᶆ45. 

Definition 2.3 [10] Let Â = [𝑎78] be a square matrix. The trace of Â is the sum of its elements which are on the main 
diagonal of Â.  

The paragraph bellow, contains some basic definitions of graph theory which are important in completing the results of 
the present study.  These basic definitions have been cited from [11-12].  

Suppose Ʊ is a graph, then Ʊ is connected if any two different vertices of Ʊ having a path between them. Let Ʊ be a 
connected graph, if any vertex of Ʊ has an even degree, then it's called an Eulerian graph. Furthermore, if Ʊ has solely 
two vertices of odd degree, then it's called semi-Eulerian. Moreover, by regular graph we mean a graph all of its 
vertices having the same degree. A graph Ʊ is said to be complete graph if there is only one edge between each pair of 
its vertices. Finally, a graph Ʊ is said to be bipartite graph if its vertices set has the property that can be partitioned into 
two sets Ѵ5and Ѵ. such that they are disjoint and any edge in Ʊ links a vertex from Ѵ5 with the other from Ѵ..  

3. MAIN RESULTS 
       This section contains the main results of this paper which started with the following definition. 
 
Definition 3.1 Let Ʊ and Ʊ′ be two þ-groups and let Ʊ⨂Ʊ′ be a non-abelian tensor product of Ʊ and Ʊ′ with (ŋ, ŋ′) be a 
pair of non-compatible actions of Ʊ⨂Ʊ′. Then, ӶƱ⨂Ʊ!

#$#  is a non-compatible action graph consisting of ѴWӶƱ⨂Ʊ!
#$# X which is 

the set of Aut(Ʊ ) and Aut(Ʊ′ ) and Ȇ(ӶƱ⨂Ʊ!
#$# )  which is the set contains of all non-compatible pair of actions. 

Furthermore, ŋ and ŋ′ are connect whenever they are not compatible.  

Theorem 3.1 Let Ʊ = 〈𝓍〉 ≅ Čþᶆ and Ʊ- = 〈𝓎〉 ≅ Čþᶇ are þ-groups. Then, the order of ӶƱ⨂Ʊ!
#$#  is given as follows.  

1) If þ = 2,ᶆ, ᶇ ≥ 4 with Ʊ = Ʊ′, then the order is 2ᶆ45. 
2) If þ = 2,ᶆ, ᶇ ≥ 4 with Ʊ ≠ Ʊ′, then the order is  2ᶆ45 + 2ᶇ45. 
3) If	þ is an odd prime with	ᶆ = ᶇ ≥ 3, then the order is (þ − 1)þᶆ45. 
4) If	þ is an odd prime with	ᶆ ≠ ᶇ ≥ 3, then the order is (þ − 1)(þᶆ45 + þᶇ45). 
Proof: It follows by Definition 3.1 and Theorems 2.1, 2.2.∎ 
 
Theorem 3.2 Let Ʊ = 〈𝓍〉 ≅ Čþᶆ and Ʊ- = 〈𝓎〉 ≅ Čþᶇ are þ-groups . Then, ӶƱ⨂Ʊ!

#$#  is not connected graph. 
Proof: Since our dealing with	þ-groups, then we have to consider two cases. The first one is when þ = 2 and the 
second is when	þ is an odd prime. Now, let þ = 2 with ᶆ, ᶇ ≥ 4. Furthermore, let	ŋ ∈ Aut(Ʊ) and ŋ′ ∈ Aut(Ʊ′) be two 
vertices of ѴWӶƱ⨂Ʊ!

#$# X, then if |ŋ| = 1, then by Proposition 2.1, ŋ is compatible with any other vertex of Aut(Ʊ′). But 
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Definition 3.1 gives us that ŋ is not connect with any ŋ′ ∈ Aut(Ʊ′). This implies that ӶƱ⨂Ʊ!
#$#  is not connected. Finally, let 

|ŋ| = 2ᶆ  with ᶆ is positive integer. Then, by Theorem 2.2, ŋ is compatible with any ŋ′ that have 2-power order. 
Thereby, Definition 3.1, forces that ŋ and ŋ′ are not adjacent. Therefore, ӶƱ⨂Ʊ!

#$#  is not connected graph. For the second 
case, we can use the same way to prove the result by using Definition 3.1, Proposition 2.1 and Theorem 2.1.  ∎  

Theorem 3.3 Let Ʊ = 〈𝓍〉 ≅ Čþᶆ and Ʊ- = 〈𝓎〉 ≅ Čþᶇ are þ-groups. Then, ӶƱ⨂Ʊ!
#$#  is a bipartite graph iff Ʊ ≠ Ʊ′. 

Proof: As we considered þ-groups, then the proof will divided into two parts. The first part is when	þ is an even prime 
and the second part is when þ is an odd prime. Regarding the first part, let þ = 2 with ᶆ, ᶇ ≥ 4 and let ӶƱ⨂Ʊ!

#$#  be a 
bipartite graph. That is mean ѴWӶƱ⨂Ʊ!

#$# X can be partitioned into two sets, say Ѵ5and Ѵ. for which Ѵ5⋂Ѵ. = Φ. Now, let 
Ʊ = Ʊ′, then  Aut(Ʊ) = Aut(Ʊ′). This gives us that, there are some vertices makes a loops with themselves and this 
forces that ѴWӶƱ⨂Ʊ!

#$# X cannot be partitioned. Thereby, we got a contradiction. Hence, Ʊ ≠ Ʊ′. Conversely, let Ʊ ≠ Ʊ′, 
then Aut(Ʊ) ≠ Aut(Ʊ′).  This implies that  ѴWӶƱ⨂Ʊ!

#$# X can be partitioned into two disjoint sets Aut(Ʊ) and Aut(Ʊ′) in 
which a vertex from Aut(Ʊ) connect a vertex from Aut(Ʊ′). Therefore, ӶƱ⨂Ʊ!

#$#  is a bipartite graph. By similar manner, 
we can prove the second part. ∎ 

Corollary 3.1 Let Ʊ = 〈𝓍〉 ≅ Č.ᶆ and Ʊ- = 〈𝓎〉 ≅ Č.ᶇ are groups of 2-power order with	ᶆ, ᶇ ≥ 4 . Then, 

1.	ӶƱ⨂Ʊ!
#$#  is not Eulerian (resp. semi-Eulerian) graph. 

2.	ӶƱ⨂Ʊ!
#$#  is not regular graph. 

3.	ӶƱ⨂Ʊ!
#$#  is not complete graph. 

Proof: Clear. ∎ 
 
Corollary 3.2 Let Ʊ = 〈𝓍〉 ≅ Čþᶆ  and Ʊ- = 〈𝓎〉 ≅ Čþᶇ  are groups of prime power order with þ  is an odd prime 
and	ᶆ, ᶇ ≥ 3. Then, 

1.	ӶƱ⨂Ʊ!
#$#  is not Eulerian (resp. semi-Eulerian) graph. 

2.	ӶƱ⨂Ʊ!
#$#  is not regular graph. 

3.	ӶƱ⨂Ʊ!
#$#  is not complete graph. 

Proof: Clear. ∎ 

     In the next results, we discussed the adjacency matrix of this graph with some properties of it. We started with the 
following proposition. 

Proposition 3.1 Let Ʊ = 〈𝓍〉 ≅ Č.* be a þ-group with þ = 2. Then,	Â(ӶƱ⨂Ʊ#$# ) is given bellow. 

 

Proof: Clear by Definition 3.1 and Theorem 3.1 point one.  

0 0 0 0 0 0 0 0
0 1 1 1 0 1 1 1
0 1 0 1 0 1 0 1
0 1 1 0 0 1 1 0

( )
0 0 0 0 0 0 0 0
0 1 1 1 0 1 1 1
0 1 0 1 0 1 0 1
0 1 1 0 0 1 1 0

non
Ä

é ù
ê ú
ê ú
ê ú
ê ú
ê ú= ê ú
ê ú
ê ú
ê ú
ê ú
ê úë û

 
Â Ґ
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FIGURE 1. Non-Compatible Action Graph for Proposition 3.1. 

Proposition 3.2 Let Ʊ = 〈𝓍〉 ≅ Č.+ and Ʊ′ = 〈𝓎〉 ≅ Č.* are þ-groups with þ = 2. Then,	Â(ӶƱ⨂Ʊ!
#$# ) is given bellow. 

 

Proof: Clear by Definition 3.1 and Theorem 3.1 point two. ∎ 

 

 

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0

( )non
¢Ä =

 
Â Ґ

0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0
0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0

é
ê
ê
ê
ê
ê
ê
ê
ê
ê
ê
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ú
ú
ú
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FIGURE 2. Non-Compatible Action Graph for Proposition 3.2. 

Theorem 3.4 Let Ʊ = 〈𝓍〉 ≅ Č.ᶆ  be a þ-group with þ = 2  and ᶆ ≥ 4 . Then, 	Â(ӶƱ⨂Ʊ#$# )  is a square matrix of size 
2ᶆ45 × 2ᶆ45. 
Proof: Let ŋ, ŋ′ ∈ ѴWӶƱ⨂Ʊ#$# X, then by Definition 3.1, they are connect whenever they are not compatible. By Theorem 
2.3, there are 2ᶆ45  vertices in ѴWӶƱ⨂Ʊ#$# X which can be represented as rows and columns in Â(ӶƱ⨂Ʊ#$# ).Therefore, we 
achieved the result. ∎     

Theorem 3.5 Let Ʊ = 〈𝓍〉 ≅ Č.ᶆ and Ʊ- = 〈𝓎〉 ≅ Č.ᶇ are groups of 2-power order with	ᶆ, ᶇ ≥ 4. Then, Â(ӶƱ⨂Ʊ!
#$# ) is a 

square matrix of size (2ᶆ45 + 2ᶇ45) × (2ᶆ45 + 2ᶇ45). 
Proof: It follows by Theorem 3.4. ∎  

Proposition 3.3 Let Ʊ = 〈𝓍〉 ≅ Č:, be a þ-group with þ = 3. Then,	Â(ӶƱ⨂Ʊ#$# ) is given bellow. 
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Proof: Clear by Definition 3.1 and Theorem 3.1 point three. ∎  

 

FIGURE 3. Non-Compatible Action Graph for Proposition 3.3. 

Proposition 3.4 Let Ʊ = 〈𝓍〉 ≅ Č:, and Ʊ′ = 〈𝓎〉 ≅ Č:* are þ-groups with þ = 3. Then,	Â(ӶƱ⨂Ʊ!
#$# ) is given bellow. 

 

 

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1

( )
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 0 1 1

non
Ä =
 

Â Ґ

1 1 1 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

é ù
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
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Proof: Clear by Definition 3.1 and Theorem 3.1 point four. ∎ 

 

 

 

 

 

 

 

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

( )non
¢Ä =

 
Â Ґ

1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 0 1 1 1 1 1

1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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FIGURE 4. Non-Compatible Action Graph for Proposition 3.4. 

Theorem 3.6 Let Ʊ = 〈𝓍〉 ≅ Čþᶆ be a þ-group with þ is an odd prime and ᶆ ≥ 3. Then,	Â(ӶƱ⨂Ʊ#$# ) is a square matrix of 
size ((þ − 1)þᶆ45) × ((þ − 1)þᶆ45). 
Proof: Let ŋ, ŋ′ ∈ ѴWӶƱ⨂Ʊ#$# X, then by Definition 3.1, they are adjacent if they are not compatible. By Theorem 2.4, there 
are (þ − 1)þᶆ45 vertices in ѴWӶƱ⨂Ʊ#$# X which can be represented as entries in Â(ӶƱ⨂Ʊ#$# ).Therefore, we obtanied the result. 
∎     

Theorem 3.7 Let Ʊ = 〈𝓍〉 ≅ Čþᶆ  and Ʊ- = 〈𝓎〉 ≅ Čþᶇ  are þ -groups with 	þ  is an odd prime and 	ᶆ, ᶇ ≥ 3 . Then, 
Â(ӶƱ⨂Ʊ!

#$# ) is a square matrix of size ((þ − 1)(þᶆ45 + þᶇ45)) × ((þ − 1)(þᶆ45 + þᶇ45)). 
Proof: It follows by Theorem 3.6. ∎ 

Corollary 3.3 The trace of Â(ӶƱ⨂Ʊ!
#$# ) is greater than or equal to zero in both cases when Ʊ = Ʊ′ and Ʊ ≠ Ʊ′. 
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4. CONCLUSIONS  
       As a result, new graph has been introduced named as non-compatible action graph and some of its properties have 
been discussed. The results showed that this graph is not connected graph, not regular graph and its bipartite graph 
whenever the groups are not the same. Based on this study, many results can be extended to provide new properties of 
this graph. Furthermore, the adjacency matrix of this graph has been determined. The obtained results shown that 
Â(ӶƱ⨂Ʊ!

#$# ) is a square matrix in the case of  Ʊ = Ʊ′ and Ʊ ≠ Ʊ′.  
 
Funding 
None  

ACKNOWLEDGEMENT 
None 
CONFLICTS OF INTEREST 
The author declares no conflict of interest. 

REFERENCES 
[1]        J. C. M. Pezzott and I. N. Nakaoka, "Commuting Graph of a Group on a Transversal," arXiv preprint  
                arXiv:1807.01821,pp.1-14, 2018. 
[2]  A. Abdollahi, S. Akbari and H. R. Maimani, "Non-commuting Graph of a Group," Journal of Algebra, vol. 

298, pp. 468-492, 2006. 
[3] E. A. Bertram, M. Herzog and A. Mann, "On Graph Related to Conjugacy Classes of Groups," Bulletin of the 

London Mathematical Society, vol. 22, no. 6, pp. 569-575, 1990. 
[4] T. Chalapath and R. K. Kumar, "Neutrosophic Graphs of Finite Groups," Neutrosophic Sets and Systems, 
               vol.15, pp. 22-30, 2017. 
[5] M. K. Shahoodh, M. S. Mohamad, Y. Yusof, S. A. Sulaiman and N. H. Sarmin, "Compatible Action 
              Graph for Finite Cyclic Groups of p-power Order," 4th International Conference on Science, Engineering and 
              Environment (SEE), Nagoya, Japan, Nov.12-14, 2018.     
[6] M. K. Shahoodh, M. S. Mohamad, Y. Yusof, S. A. Sulaiman, "Subgraph of Compatible Action Graph for 

Finite Cyclic Groups of p-power Order," International Conference on Applied an Industrial Mathematics and 
Statistics, (ICoAIMS), Journal of Physics: Conference series, 2019. 

[7]      S. A. Sulaiman, "Compatible Pairs of Actions for Finite cyclic 2-groups and the Associated Compatible Action 
Graph," Ph.D Thesis, University Malaysia Pahang, 2018.   

[8]      M. S. Mohamad, "Compatibility Conditions and Nonabelian Tensor Products of Finite Cyclic Groups of p-
power Order,"  P.hD Thesis, University Technology Malaysia, 2012.   

[9]        D. S. Dummit and R. M. Foot, " Abstract algebra," USA. John Wily and Sons, 2004. 
[10]     J. K. Pahade and M. Jha,  "Trace of Positive Integer Power of Adjacency Matrix,"  Global journal of Pure and 

Applied Mathematics, vol. 13, no. 6,pp.2079-2087, 2017. 
[11]      R. J. Wilson,  "Introduction to Graph Theory,". 5th  Ed, British library, Library of Congress, pp.8-49, 2010. 
[12]  K. Rosen. "Discrete Mathematics and its Applications," 7th Ed, USA, New York, McGraw-Hill, pp. 641-735, 

2012. 
 
 


