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ABSTRACT: In this paper, we derived some results like the join of two complete Intuitionistic Fuzzy 

G raphs (IFG) is complete and which is isomorphic to the join of their complements. The nature of edge set 

in the complement of a complete IFG is analyzed. We study about the join of two IFGs when they are 

regular, irregular or complete and discuss some theorems. Also we discuss some more properties of the join 

of two intuitionistic fuzzy graphs using the regularity and irregularity. The minimum and maximum degrees 

of an IFG and its complement are examined. 
Keywords: Intuitionistic Fuzzy Graph (IFG), degree, total degree, Complete IFG, regular IFG, irregular 

IFG, neighbourly irregular IFG, highly irregular IFG, Complement, Join of two IFG. 
 

I.    INTRODUCTION 
  Intuitionistic fuzzy sets are generalization of fuzzy sets. Atanassov [1] introduced the concept of 

intuitionistic fuzzy (IF) relations and intuitionistic fuzzy graphs (IFGs). M. G. Karunambigai and R. Parvathi [4] 

introduced intuitionistic fuzzy graph as a special case of Atanassov’s IFG. In [6], these concepts had been 

applied to find the shortest path in networks using dynamic programming problem approach. A. Nagoor Gani 

and S.R. Latha [12] introduced Irregular fuzzy graphs and discussed some of its properties. In this paper, we 

define the concept of complement of an Intuitionistic Fuzzy Graph (IFG) and Join of two IFGs and dicussed its 

properties. Also some properties of Irregular Intuitionistic fuzzy graphs and neighbourly irregular intuitionistic 

fuzzy graphs are studied and some results on totally Irregular intuitionistic fuzzy graphs are established. 

 

II.      PRELIMINARIES 
Definition 2.1: An intuitionistic fuzzy graph (IFG) is of the form G =  V, E  where (i) V =  v1 , v2, … . . vn  such 

that μ
1

: V → [0, 1] and γ
1

: V → [0, 1] denote the degree of membership and non – membership of the element 

vi ∈ V respectively and  0 ≤ μ
1
 vi + γ

1
 vi ≤ 1 …………. (1) for every vi ∈ V , ( i = 1, 2, …n ),  

(ii) E ⊆ V × V where μ
2

: V × V → [0, 1] and γ
2

: V × V → [0, 1] are such that   

               𝜇2(𝑣𝑖 , 𝑣𝑗 ) ≤ min⁡[𝜇1 𝑣𝑖 , 𝜇1 𝑣𝑗  ], …………… (2) 

   𝛾2(𝑣𝑖 , 𝑣𝑗 ) ≤ max⁡[𝛾1 𝑣𝑖 , 𝛾1 𝑣𝑗  ] .…………… (3) 

  and  0 ≤ 𝜇2 𝑣𝑖 , 𝑣𝑗  + 𝛾2 𝑣𝑖 , 𝑣𝑗  ≤ 1 …………..(4)  for every (vi , vj)  ∈ E, (i, j = 1, 2, …..n) 

 

Note 1: If one of the inequalities (1) or (2) or (3) or (4) is not satisfied, then the graph G is not an intuitionistic 

fuzzy graph. 

 

Note 2: The triple  vi , μ
1i

, γ
1i
  represent the degree of membership and non – membership of vertex vi. Also the 

triple  eij , μ
2ij

, γ
2ij

  represent the degree of membership and non – membership of edge eij = (vi , vj) on V.  

  Here        𝜇1𝑖 = 𝜇1 𝑣𝑖 ,            𝛾1𝑖 = 𝛾1 𝑣𝑖  

and     𝜇2𝑖𝑗 = 𝜇2 𝑣𝑖 , 𝑣𝑗  ,          𝛾2𝑖𝑗 = 𝛾2(𝑣𝑖 , 𝑣𝑗 )  

 

Note 3: If  𝜇2𝑖𝑗 = 𝛾2𝑖𝑗 = 0, for some i and j, then there is no edge between the vertices 𝑣𝑖  and 𝑣𝑗 . 

 

Definition 2.2: Let G =  V, E  be an Intuitionistic Fuzzy Graph. The degree of a vertex u is defined by 

 d u =  dμ u , dγ u    where dμ u =  μ
2
 u, v v≠u  and dγ u =  γ

2
 u, v v≠u . 

 

Definition 2.3: The minimum degree of an Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸   is  𝛿 𝐺 =  𝛿𝜇 𝐺 , 𝛿𝛾 𝐺   

where  𝛿𝜇 𝐺 = 𝑚𝑖𝑛 𝑑𝜇 𝑣 /𝑣 ∈ 𝑉   and 𝛿𝛾 𝐺 = 𝑚𝑖𝑛 𝑑𝛾 𝑣 /𝑣 ∈ 𝑉 .  
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Definition 2.4: The maximum degree of an Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸  is  ∆ 𝐺 =  ∆𝜇 𝐺 , ∆𝛾 𝐺   

where  ∆𝜇 𝐺 = 𝑚𝑎𝑥 𝑑𝜇 𝑣 /𝑣 ∈ 𝑉   and ∆𝛾 𝐺 = 𝑚𝑎𝑥 𝑑𝛾 𝑣 /𝑣 ∈ 𝑉 . 
  
Definition 2.5: An edge  𝑒 =  𝑢, 𝑣   of an Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸  is called an effective edge if  

𝜇2 𝑢, 𝑣 = 𝑚𝑖𝑛 𝜇1 𝑢 , 𝜇1 𝑣    and   𝛾2 𝑢, 𝑣 = 𝑚𝑎𝑥 𝛾1 𝑢 , 𝛾1 𝑣   . 
 

Definition 2.6: An Intuitionistic Fuzzy Graph is complete if  𝜇2𝑖𝑗 = 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗     and  𝛾2𝑖𝑗 = 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗          

for all 𝑣𝑖 , 𝑣𝑗 ∈ 𝑉. 

 

Definition 2.7: The total degree of a vertex ‘u’ in an Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸  is defined as       

𝑡𝑑 𝑢 =  𝑡𝑑𝜇𝑢, 𝑡𝑑𝛾𝑢 ,  where  𝑡𝑑𝜇𝑢 =  𝜇2 𝑢, 𝑣 + 𝜇1(𝑢)𝑢≠𝑣    and  𝑡𝑑𝛾𝑢 =  𝛾2 𝑢, 𝑣 + 𝛾1(𝑢)𝑢≠𝑣 . 
 

Definition 2.8: The complement of an Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸   is denoted by 𝐺 =   𝑉, 𝐸    and is 

defined as (i) 𝜇1
 𝑢 = 𝜇1(𝑢)  and 𝛾

1
 𝑢 = 𝛾1(𝑢) for every 𝑢 ∈ 𝑉.    

   (ii) 𝜇
2
 𝑢, 𝑣 = 𝑚𝑖𝑛 𝜇1 𝑢 , 𝜇1(𝑣) − 𝜇2 𝑢, 𝑣   and   

         𝛾
2
 𝑢, 𝑣 = 𝑚𝑎𝑥 𝛾1 𝑢 , 𝛾1(𝑣) − 𝛾2 𝑢, 𝑣   for all  𝑢, 𝑣 ∈ 𝐸 

 

Example 2.1: Let 𝐺 =  𝑉, 𝐸   be an Intuitionistic Fuzzy Graph. The membership and non membership values of 

G are as follows:  

 

  𝜇1 𝑢 , 𝛾1 𝑢  =  0.3, 0.6 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.7, 0.2 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.9, 0.0 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.0,1.0 ,  𝜇2 𝑢, 𝑣 , 𝛾2 𝑢, 𝑣  =  0.3, 0.6 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =  0.6, 0.1 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =

 0.0, 0.9 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.0, 0.8  
 

  ∴ 𝑑 𝑢 =  0.3, 1.4 , 𝑑 𝑣 =  0.9, 0.7 , 𝑑 𝑤 =  0.6, 1.0 , 𝑑 𝑥 = (0.0, 1.7) 

    

   𝛿 𝐺 = (0.0, 0.7)   and   ∆ 𝐺 = (0.9, 1.7). 

 

Here, edge  𝑢, 𝑣  is an effective edge. 

 

Also total degrees of vertices are 

 

 𝑡𝑑 𝑢 =  0.6, 2.0 , 𝑡𝑑 𝑣 =  1.6, 0.9 , 𝑡𝑑 𝑤 =  1.5, 1.0 , 𝑡𝑑 𝑥 = (0.0, 2.7) 

 

The complement of Intuitionistic Fuzzy Graph G is the graph 𝐺 with membership and non membership values 

are as follows:  

  

  𝜇1 𝑢 , 𝛾1 𝑢  =  0.3, 0.6 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.7, 0.2 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.9, 0.0 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.0,1.0 ,  𝜇2 𝑢, 𝑤 , 𝛾2 𝑢, 𝑤  =  0.3, 0.6 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =  0.1, 0.1 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =

 0.0, 0.1 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.0, 0.2 ,  𝜇2 𝑣, 𝑥 , 𝛾2 𝑣, 𝑥  =  0.0, 1.0 .  
 

Definition 2.9: An Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸  is said to be regular, if every vertex adjacent to 

vertices with same degree.  

 

Example 2.2: Let 𝐺 =  𝑉, 𝐸  be an Intuitionistic Fuzzy Graph. The membership and non membership values of 

G are as follows:  

  

 𝜇1 𝑢 , 𝛾1 𝑢  =  0.5, 0.4 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.5, 0.5 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.4, 0.5 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.4,0.5 ,  𝜇2 𝑢, 𝑣 , 𝛾2 𝑢, 𝑣  =  0.4, 0.4 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =  0.1, 0.3 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =

 0.4, 0.4 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.1, 0.3 . 

   
∴ 𝑑 𝑢 =  𝑑 𝑣 =  𝑑 𝑤 =  𝑑 𝑥 = (0.5, 0.7) 

 

So G is a regular Intuitionistic Fuzzy Graph. 
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Definition 2.10:  An Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸  is said to be irregular, if there is a vertex which is 

adjacent to vertices with distinct degrees. 

 

Example 2.3: In example 2.1, u adjacent to the vertices v and x which are having distinct degrees. So the 

Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸  in example 2.1 is irregular. 

 

Definition 2.11:  Let 𝐺 =  𝑉, 𝐸  be a connected Intuitionistic Fuzzy Graph. G is said to be a neighbourly 

irregular Intuitionistic Fuzzy Graph if every two adjacent vertices of G have distinct degrees. 

 

Example 2.4:  

 

    u(0.5, 0.4) (0.2, 0.3) v(0.3, 0.3) 

 

 

    

(0.3, 0.4)  ((  (0.1, 0.2)    

 

 

 

     

 

            x(0.4, 0.6)         (0.1, 0.6)            w(0.2, 0.4) 

 
   Figure 2.1 

 

∴ 𝑑 𝑢 =  0.5, 0.7 , 𝑑 𝑣 =  0.6, 1.0 , 𝑑 𝑤 =  0.2, 0.8 , 𝑑 𝑥 = (0.7, 1.5) 

 

Here u, v and x are adjacent vertices with distinct degrees. Also v, w and x are adjacent vertices with distinct 

degrees. So G is a neighbourly irregular Intuitionistic Fuzzy Graph. 

 

Definition 2.12:  Let 𝐺 =  𝑉, 𝐸  be a connected Intuitionistic Fuzzy Graph. Then G is said to be a highly 

irregular Intuitionistic Fuzzy Graph if every vertex of G is adjacent to vertices with distinct degrees. 

 

Example 2.5:   
   
                 u(0.6, 0.4)     x(0.3, 0.5) 

 

   

                  (0.2, 0.5)                 (0.4, 0.4)     (0.2, 0.3) 

 

 

     

 
          v(0.2, 0.6)           (0.1, 0.6)  w(0.5, 0.4) 

   

     

      Figure 2.2 

 
∴ 𝑑 𝑢 =  0.6, 0.9 , 𝑑 𝑣 =  0.3, 1.1 , 𝑑 𝑤 =  0.7, 1.3 , 𝑑 𝑥 = (0.2, 0.3) 
 

Since every vertex of IFG is adjacent to vertices with distinct degrees, 𝐺 is highly irregular Intuitionistic Fuzzy 

Graph. 

 

Definition 2.13: An Intuitionistic Fuzzy Graph 𝐺 =  𝑉, 𝐸   is said to be a complete IFG if  𝜇2𝑖𝑗 = 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗   

and  𝛾2𝑖𝑗 = 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗  , for every 𝑣𝑖 , 𝑣𝑗  ∈ 𝑉. 

 

(0.3, 0.5) 
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Example 2.6:   
 
              u(0.3, 0.6)      

 

   

                  (0.3, 0.6)                 (0.3, 0.6)    
 

     

 
         

  v(0.5, 0.2)           (0.5, 0.2)  w(0.9, 0.1) 

 

    

   Figure 2.3 Complete Intuitionistic Fuzzy Graph G 

 

 

Definition 2.14:  The join of two Intuitionistic Fuzzy Graphs 𝐺1 =  𝑉1 , 𝐸1  and  𝐺2 =  𝑉2 , 𝐸2  is an Intuitionistic 

Fuzzy Graph = 𝐺1 + 𝐺2 =  𝑉1 ∪ 𝑉2, 𝐸1 ∪ 𝐸2 ∪ 𝐸′  , defined by  

 

  𝜇1 + 𝜇1
′  𝑣 =  𝜇1 ∪ 𝜇1

′  𝑣 , if  𝑣 ∈ 𝑉1 ∪ 𝑉2 

   𝛾1 + 𝛾1
′  𝑣 =  𝛾1 ∪ 𝛾1

′  𝑣 , if  𝑣 ∈ 𝑉1 ∪ 𝑉2 

   𝜇2 + 𝜇2
′  𝑣𝑖𝑣𝑗  =  𝜇2 ∪ 𝜇2

′  𝑣𝑖𝑣𝑗  , if  𝑣𝑖𝑣𝑗 ∈ 𝐸1 ∪ 𝐸2 

        = 𝑚𝑖𝑛 𝜇1 𝑣𝑖 , 𝜇1
′ 𝑣𝑗   , if  𝑣𝑖𝑣𝑗 ∈ 𝐸′ 

and 

 

  𝛾2 + 𝛾2
′  𝑣𝑖𝑣𝑗  =  𝛾2 ∪ 𝛾2

′  𝑣𝑖𝑣𝑗  , if  𝑣𝑖𝑣𝑗 ∈ 𝐸1 ∪ 𝐸2 

        = 𝑚𝑎𝑥 𝛾1 𝑣𝑖 , 𝛾1
′ 𝑣𝑗   , if  𝑣𝑖𝑣𝑗 ∈ 𝐸′ 

 

Where (𝜇1, 𝛾1) and (𝜇1
′, 𝛾1

′) refer the vertex membership and non – membership of  𝐺1and 𝐺2  respectively; 

(𝜇2, 𝛾2) and (𝜇2
′, 𝛾2

′)  refer the edge membership and non – membership of  𝐺1and 𝐺2 respectively; 𝐸′ refer the 

complement of  𝐸1 ∪ 𝐸2. 

 

Example 2.7:  Let 𝐺1 =  𝑉1, 𝐸1  and  𝐺2 =  𝑉2, 𝐸2   be two Intuitionistic Fuzzy Graphs with 𝑉1 =  𝑢1, 𝑢2, 𝑢3  
and 𝑉2 =  𝑣1 , 𝑣2  such that 𝑉1 ∩ 𝑉2 = ∅. The membership and non membership values of 𝐺1 are as follows:   

 

 𝜇1 𝑢1 , 𝛾1 𝑢1  =  0.3, 0.6 ,  𝜇1 𝑢2 , 𝛾1 𝑢2  =  0.5, 0.2 ,  𝜇1 𝑢3 , 𝛾1 𝑢3  =  0.9, 0.1 ,

 𝜇2 𝑢1, 𝑢2 , 𝛾2 𝑢1 , 𝑢2  =  0.1, 0.6 ,  𝜇2 𝑢2, 𝑢3 , 𝛾2 𝑢2, 𝑢3  =  0.5, 0.0 ,  𝜇2 𝑢3, 𝑢1 , 𝛾2 𝑢3, 𝑢1  =
 0.2, 0.6 . 

 

The membership and non membership values of 𝐺2 are as follows:  

  

 𝜇1 𝑣1 , 𝛾1 𝑣1  =  0.6, 0.4 ,  𝜇1 𝑣2 , 𝛾1 𝑣2   =  0.2, 0.8 ,  𝜇2 𝑣1, 𝑣2 , 𝛾2 𝑣1, 𝑣2  =  0.1, 0.7  

 

  
The membership and non membership values of 𝐺1 + 𝐺2 are as follows:  

 

  𝜇1 𝑢1 , 𝛾1 𝑢1  =  0.3, 0.6 ,  𝜇1 𝑢2 , 𝛾1 𝑢2  =  0.5, 0.2 ,  𝜇1 𝑢3 , 𝛾1 𝑢3  =  0.9, 0.1 ,

 𝜇1 𝑣1 , 𝛾1 𝑣1  =  0.6, 0.4 ,  𝜇1 𝑣2 , 𝛾1 𝑣2   =  0.2, 0.8 ,  𝜇2 𝑢1, 𝑣1 , 𝛾2 𝑢1, 𝑣1  =  0.3, 0.6 ,

 𝜇2 𝑢1, 𝑣2 , 𝛾2 𝑢1, 𝑣2  =  0.2, 0.8 ,  𝜇2 𝑢1, 𝑢2 , 𝛾2 𝑢1, 𝑢2  =  0.1, 0.6 ,  𝜇2 𝑢1, 𝑢3 , 𝛾2 𝑢1, 𝑢3  =

 0.2, 0.8 ,  𝜇2 𝑢2, 𝑢3 , 𝛾2 𝑢2, 𝑢3  =  0.5, 0.0 ,  𝜇2 𝑢2, 𝑣1 , 𝛾2 𝑢2, 𝑣1  =  0.5, 0.4 ,

 𝜇2 𝑢2, 𝑣2 , 𝛾2 𝑢2, 𝑣2  =  0.2, 0.8 ,  𝜇2 𝑢3, 𝑣1 , 𝛾2 𝑢3, 𝑣1  =  0.6, 0.4 ,  𝜇2 𝑢3, 𝑣2 , 𝛾2 𝑢3, 𝑣2  =

 0.2, 0.8 ,  𝜇2 𝑣1, 𝑣2 , 𝛾2 𝑣1, 𝑣2  =  0.1, 0.7   
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III.     CHARECTERISTICS ON JOIN OF TWO IFG 
Theorem 3.1: 

  

If 𝐺1 =  𝑉1 , 𝐸1  𝑎𝑛𝑑 𝐺2 =  𝑉2, 𝐸2  are two complete IFGs, then 𝐺1 + 𝐺2 is also a complete IFG. 

Proof: 

 Let 𝐺1 =  𝑉1, 𝐸1  𝑎𝑛𝑑 𝐺2 =  𝑉2, 𝐸2   be two complete IFGs. 

So,  

 𝜇2𝑖𝑗 = 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗   and  𝛾2𝑖𝑗 = 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗  , for every 𝑣𝑖 , 𝑣𝑗  ∈ 𝑉1. 

and 

 𝜇2
′
𝑖𝑗

= 𝑚𝑖𝑛  𝜇1
′
𝑖
, 𝜇1

′
𝑗
  and  𝛾2

′
𝑖𝑗

= 𝑚𝑎𝑥  𝛾1
′
𝑖
, 𝛾1

′
𝑗
 , for every 𝑣𝑖 , 𝑣𝑗  ∈ 𝑉2 

 

But,   𝐺1 + 𝐺2 =  𝑉1 ∪ 𝑉2 , 𝐸1 ∪ 𝐸2 ∪ 𝐸′  is defined by, 

  

  𝜇1 + 𝜇1
′  𝑣 =  𝜇1 ∪ 𝜇1

′  𝑣 , if  𝑣 ∈ 𝑉1 ∪ 𝑉2 

               𝛾1 + 𝛾1
′  𝑣 =  𝛾1 ∪ 𝛾1

′  𝑣 , if  𝑣 ∈ 𝑉1 ∪ 𝑉2 

  𝜇2 + 𝜇2
′  𝑣𝑖𝑣𝑗  =  𝜇2 ∪ 𝜇2

′  𝑣𝑖𝑣𝑗  , if  𝑣𝑖𝑣𝑗 ∈ 𝐸1 ∪ 𝐸2 

      = 𝑚𝑖𝑛 𝜇1 𝑣𝑖 , 𝜇1
′ 𝑣𝑗   , if  𝑣𝑖𝑣𝑗 ∈ 𝐸′ 

and 

 

  𝛾2 + 𝛾2
′  𝑣𝑖𝑣𝑗  =  𝛾2 ∪ 𝛾2

′  𝑣𝑖𝑣𝑗  , if  𝑣𝑖𝑣𝑗 ∈ 𝐸1 ∪ 𝐸2 

     = 𝑚𝑎𝑥 𝛾1 𝑣𝑖 , 𝛾1
′ 𝑣𝑗   , if  𝑣𝑖𝑣𝑗 ∈ 𝐸′ 

Thus in 𝐺1 + 𝐺2, all the vertices of 𝐺1 and 𝐺2 exists without any change in the vertex membership and non – 

membership values and all the edges of 𝐺1  and 𝐺2  exists without changing its edge membership and non – 

membership values. The remaining edges of 𝐺1 + 𝐺2 satisfies the definition of complete IFGs because they are 

in 𝐸′.  

 

Thus, 𝐺1 + 𝐺2 is a complete IFG. 

 

Theorem 3.2: 

  

 The complement of a complete IFG is an IFG with no edges. 

OR 

If 𝐺 is a complete IFG then in 𝐺 the edge set is empty. 

 

Proof: 

Let 𝐺 =  𝑉, 𝐸  be a complete IFG. 

So, 

 𝜇2𝑖𝑗 = 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗   and  𝛾2𝑖𝑗 = 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗  , for every 𝑣𝑖 , 𝑣𝑗  ∈ 𝑉. 

 

Hence in 𝐺,  

   𝜇2𝑖𝑗 = 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗  − 𝜇2𝑖𝑗   for all i, j = 1, 2, …..n 

                          = 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗  − 𝑚𝑖𝑛 𝜇1𝑖 , 𝜇1𝑗    for all i, j = 1, 2, …..n 

= 0   for all i, j = 1, 2, …..n 

 

and 

   𝛾
2𝑖𝑗

= 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗 ) − 𝛾2𝑖𝑗     for all i, j = 1, 2, …..n 

 

 = 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗 ) − 𝑚𝑎𝑥 𝛾1𝑖 , 𝛾1𝑗 )       for all i, j = 1, 2, …..n 

 

  = 0      for all i, j = 1, 2, …..,n 

 

Thus  𝜇2𝑖𝑗 ,   𝛾
2𝑖𝑗

 = (0, 0)  

 

Hence the edge set of 𝐺 is empty if 𝐺 is a complete IFG. 
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Theorem 3.3: 

  

If 𝐺1 =  𝑉1 , 𝐸1  𝑎𝑛𝑑 𝐺2 =  𝑉2, 𝐸2  are two complete IFGs, then 𝐺1 + 𝐺2 = 𝐺1 + 𝐺2 

 

Proof: 

 Let 𝐺1 =  𝑉1, 𝐸1  𝑎𝑛𝑑 𝐺2 =  𝑉2, 𝐸2  be two complete IFGs. 

∴ By Theorem 3.1, 𝐺1 + 𝐺2 is also a complete IFG. 

Also by Theorem 3.2, 𝐺1  and 𝐺2  are two IFGs with 𝐸1 = ∅  and  𝐸2 = ∅.  

But 𝑉1 = 𝑉1  and  𝑉2 = 𝑉2 without any change in membership and non membership values. 

In 𝐺1 + 𝐺2, the edge membership and non membership values are defined by 

  𝜇2 + 𝜇2
′  𝑣𝑖𝑣𝑗       = 𝑚𝑖𝑛 𝜇1 𝑣𝑖 , 𝜇1

′ 𝑣𝑗    

and 

 

  𝛾2 + 𝛾2
′  𝑣𝑖𝑣𝑗   = 𝑚𝑎𝑥 𝛾1 𝑣𝑖 , 𝛾1

′ 𝑣𝑗           

So, 

 𝐺1 + 𝐺2  is a complete IFG with 

 𝑉 = 𝑉1 ∪ 𝑉2 and   𝜇1 + 𝜇1
′  𝑣 =  

𝜇1 𝑣 , if  𝑣 ∈ 𝑉1 − 𝑉2

𝜇1
′ 𝑣 , if  𝑣 ∈ 𝑉2 − 𝑉1

  

&     

  𝛾1 + 𝛾1
′  𝑣 =  

𝛾1 𝑣 , if  𝑣 ∈ 𝑉1 − 𝑉2

𝛾1
′ 𝑣 , if  𝑣 ∈ 𝑉2 − 𝑉1

  

Hence   𝐺1 + 𝐺2 = 𝐺1 + 𝐺2 

 

Proposition 3.1:  

 

The join of two regular Intuitionistic Fuzzy Graphs need not be regular. 

 

Example 3.1:  
 

 Let 𝐺1 =  𝑉1, 𝐸1  and 𝐺2 =  𝑉2, 𝐸2 be two regular Intuitionistic Fuzzy Graphs with 

𝑉1 =  𝑢1, 𝑢2, 𝑢3, 𝑢4   and  𝑉2 =  𝑣1 , 𝑣2  such that 𝑉1 ∩ 𝑉2 = ∅. The membership and non membership values of 

𝐺1 are as follows:   

 

 𝜇1 𝑢1 , 𝛾1 𝑢1  =  0.4, 0.5 ,  𝜇1 𝑢2 , 𝛾1 𝑢2  =  0.5, 0.5 ,  𝜇1 𝑢3 , 𝛾1 𝑢3  =  0.5, 0.3 ,  𝜇1 𝑢4 , 𝛾1 𝑢4  =

 0.5, 0.4 ,  𝜇2 𝑢1, 𝑢2 , 𝛾2 𝑢1 , 𝑢2  =  0.3, 0.3 ,  𝜇2 𝑢2, 𝑢3 , 𝛾2 𝑢2, 𝑢3  =  0.4, 0.2 ,

 𝜇2 𝑢3, 𝑢4 , 𝛾2 𝑢3, 𝑢4  =  0.3, 0.3 ,  𝜇2 𝑢4, 𝑢1 , 𝛾2 𝑢4, 𝑢1  =  0.4, 0.2 . 

 

Here, 

 𝑑 𝑢1 =  𝑑 𝑢2 =  𝑑 𝑢3 =  𝑑 𝑢4 = (0.7, 0.5) 

 

The membership and non membership values of 𝐺2 are as follows:  

  

 𝜇1 𝑣1 , 𝛾1 𝑣1  =  0.6, 0.4 ,  𝜇1 𝑣2 , 𝛾1 𝑣2   =  0.2, 0.8 ,  𝜇2 𝑣1, 𝑣2 , 𝛾2 𝑣1, 𝑣2  =  0.1, 0.7   
 

Here, 

 𝑑 𝑣1 =  𝑑 𝑣2 = (0.1, 0.7) 

 

The membership and non membership values of 𝐺1 + 𝐺2 are as follows:  

 

  𝜇1 𝑢1 , 𝛾1 𝑢1  =  0.4, 0.5 ,  𝜇1 𝑢2 , 𝛾1 𝑢2  =  0.5, 0.5 ,  𝜇1 𝑢3 , 𝛾1 𝑢3  =  0.5, 0.3 ,  𝜇1 𝑢4 , 𝛾1 𝑢4  =

 0.5, 0.4 ,  𝜇1 𝑣1 , 𝛾1 𝑣1  =  0.6, 0.4 ,  𝜇1 𝑣2 , 𝛾1 𝑣2   =    0.2, 0.8 ,    𝜇2 𝑢1, 𝑣1 , 𝛾2 𝑢1, 𝑣1  =  0.4, 0.5 ,

 𝜇2 𝑢1, 𝑣2 , 𝛾2 𝑢1, 𝑣2  =  0.2, 0.8 ,  𝜇2 𝑢1, 𝑢2 , 𝛾2 𝑢1, 𝑢2  =  0.3, 0.3 ,  𝜇2 𝑢1, 𝑢3 , 𝛾2 𝑢1, 𝑢3  =

 0.4, 0.5 ,  𝜇2 𝑢1, 𝑢4 , 𝛾2 𝑢1, 𝑢4  =  0.4, 0.2 ,  𝜇2 𝑢2, 𝑢3 , 𝛾2 𝑢2, 𝑢3  =  0.4, 0.2 ,

 𝜇2 𝑢2, 𝑣1 , 𝛾2 𝑢2, 𝑣1  =  0.5, 0.5 ,  𝜇2 𝑢2, 𝑣2 , 𝛾2 𝑢2, 𝑣2  =  0.2, 0.8 ,  𝜇2 𝑢2, 𝑢4 , 𝛾2 𝑢2, 𝑢4  =

 0.5, 0.5 ,  𝜇2 𝑢3, 𝑣1 , 𝛾2 𝑢3, 𝑣1  =  0.5, 0.4 ,  𝜇2 𝑢3, 𝑣2 , 𝛾2 𝑢3, 𝑣2  =  0.2, 0.8 ,
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 𝜇2 𝑢3, 𝑢4 , 𝛾2 𝑢3, 𝑢4  =  0.3, 0.3 ,  𝜇2 𝑢4, 𝑣1 , 𝛾2 𝑢4, 𝑣1  =  0.5, 0.4 ,  𝜇2 𝑢4, 𝑣2 , 𝛾2 𝑢4, 𝑣2  =

 0.2, 0.8 ,  𝜇2 𝑣1, 𝑣2 , 𝛾2 𝑣1, 𝑣2  =  0.1, 0.7   . 
 

In 𝐺1 + 𝐺2, 

 𝑑 𝑢1 =  1.7,2.3 , 𝑑 𝑢2 =  1.9, 2.3 , 𝑑 𝑢3 =  1.8, 2.2 , 𝑑 𝑢4 =  2.2, 1.8 ,  
𝑑 𝑣1 =  2.0, 2.5 , 𝑑 𝑣2 = (0.9, 3.9) 

 

Thus,  𝐺1 + 𝐺2  is an irregular Intuitionistic Fuzzy Graph. 

 

Theorem 3.4: 

  

Let 𝐺 =  𝑉, 𝐸  be a highly irregular and neighbourly irregular Intuitionistic Fuzzy Graph if and only if 

the degrees of all vertices of 𝐺 are distinct. 

 

Proof: 

 Let 𝐺 =  𝑉, 𝐸  be an Intuitionistic Fuzzy Graph with 𝑉 =  𝑣1 , 𝑣2 , … . . 𝑣𝑛  . Assume that 𝐺  is highly 

irregular and neighbourly irregular Intuitionistic Fuzzy Graph. Let the adjacent vertices of  𝑣1 be 𝑣2 , 𝑣3 , … . . 𝑣𝑛  

with degrees  ℎ2, 𝑘2 ,  ℎ3, 𝑘3 , …… ,  ℎ𝑛 , 𝑘𝑛  respectively. 

Since  𝐺  is a highly irregular Intuitionistic Fuzzy Graph, 

 ℎ2 ≠ ℎ3 ≠ ⋯ ≠ ℎ𝑛  and 𝑘2 ≠ 𝑘3 ≠ ⋯ ≠ 𝑘𝑛 . 

Thus,  𝑑 𝑣1  is neither of  ℎ2 , 𝑘2 ,  ℎ3 , 𝑘3 , …… ,  ℎ𝑛 , 𝑘𝑛 . 

So, the degrees of all vertices of 𝐺 are distinct. 

 

Conversely, assume that the degrees of all vertices of 𝐺 are distinct. 

Thus, every two adjacent vertices have distinct degrees and to every vertex, the adjacent vertices have distinct 

degrees. 

Hence, 𝐺  is a highly irregular and neighbourly irregular Intuitionistic Fuzzy Graph. 

 

Theorem 3.5:  

 

The join of two highly irregular and neighbourly irregular Intuitionistic Fuzzy Graphs having no 

common vertices is irregular. 

 

Proof: 

 Let 𝐺1 =  𝑉1, 𝐸1  and  𝐺2 =  𝑉2, 𝐸2   be two highly and neighbourly irregular Intuitionistic Fuzzy 

Graphs such that  𝑉1 ∩ 𝑉2 = ∅. 

 

Since 𝐺1 is highly irregular Intuitionistic Fuzzy Graph and neighbourly irregular Intuitionistic Fuzzy Graph, by 

Theorem 3.4, the degrees of all vertices of 𝐺1 are distinct. 

 

Similarly, the degrees of all vertices of 𝐺2 are distinct. 

 

Since there is no common vertex for 𝐺1  and 𝐺2 , all the edges of them will exist in 𝐺 = 𝐺1 + 𝐺2  without 

changing the membership and non membership values. 

 

For the remaining vertices if  𝐺, 

  𝜇2 + 𝜇2
′  𝑣𝑖𝑣𝑗  = 𝑚𝑖𝑛 𝜇1 𝑣𝑖 , 𝜇1

′ 𝑣𝑗   , if  𝑣𝑖𝑣𝑗 ∈ 𝐸′ 

and 

  𝛾2 + 𝛾2
′  𝑣𝑖𝑣𝑗  = 𝑚𝑎𝑥 𝛾1 𝑣𝑖 , 𝛾1

′ 𝑣𝑗   , if  𝑣𝑖𝑣𝑗 ∈ 𝐸′  

 

Hence there exists at least one vertex in G which is adjacent to vertices with distinct degrees. 

 

So, G is irregular. 

 

Proposition 3.2:  

 

The complement of a regular Intuitionistic Fuzzy Graph need not be regular. 
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Example 3.2:  
 

Let 𝐺 =  𝑉, 𝐸   be a regular Intuitionistic Fuzzy Graph. The membership and non membership values 

of G are as follows:  

 

  𝜇1 𝑢 , 𝛾1 𝑢  =  0.4, 0.5 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.5, 0.5 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.5, 0.3 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.5,0.4 ,  𝜇2 𝑢, 𝑣 , 𝛾2 𝑢, 𝑣  =  0.3, 0.3 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =  0.4, 0.2 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =

 0.3, 0.3 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.4, 0.2 . 

Here, 

𝑑 𝑢 = 𝑑 𝑣 = 𝑑 𝑤 = 𝑑 𝑥 = (0.7, 0.5) 

 

Thus, 𝐺 is a regular Intuitionistic Fuzzy Graph. 

 

The complement of 𝐺 is the graph 𝐺 with membership and non membership values are as follows:     

 

  𝜇1 𝑢 , 𝛾1 𝑢  =  0.4, 0.5 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.5, 0.5 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.5, 0.3 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.5,0.4 ,  𝜇2 𝑢, 𝑣 , 𝛾2 𝑢, 𝑣  =  0.1, 0.2 ,  𝜇2 𝑢,𝑤 , 𝛾2 𝑢, 𝑤  =  0.4, 0.5 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =

 0.1, 0.3 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =  0.2, 0.1 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.0, 0.3 ,  𝜇2 𝑣, 𝑥 , 𝛾2 𝑣, 𝑥  =
 0.5, 0.5 .  
Here,  

𝑑 𝑢 =  0.5, 1.0 , 𝑑 𝑣 =  0.7, 1.0 , 𝑑 𝑤 =  0.7, 0.9 , 𝑑 𝑥 = (0.7, 0.9) 
 

Thus, 𝐺 is not a regular Intuitionistic Fuzzy Graph. 

 

Proposition 3.3: 

 

The degree of a vertex u in an Intuitionistic Fuzzy Graph 𝐺 and in its complement 𝐺 need not be same. 

 

Example 3.3:  
 

Let 𝐺 =  𝑉, 𝐸   be an Intuitionistic Fuzzy Graph. The membership and non membership values of G 

are as follows:  

 

  𝜇1 𝑢 , 𝛾1 𝑢  =  0.3, 0.6 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.7, 0.2 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.9, 0.0 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.0,1.0 ,  𝜇2 𝑢, 𝑣 , 𝛾2 𝑢, 𝑣  =  0.3, 0.6 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =  0.6, 0.1 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =

 0.0, 0.9 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.0, 0.8 . 

 

The complement of IFG, 𝐺 is the graph 𝐺 with membership and non membership values are as follows:     

 

  𝜇1 𝑢 , 𝛾1 𝑢  =  0.3, 0.6 ,  𝜇1 𝑣 , 𝛾1 𝑣  =  0.7, 0.2 ,  𝜇1 𝑤 , 𝛾1 𝑤  =  0.9, 0.0 ,  𝜇1 𝑥 , 𝛾1 𝑥  =

 0.0,1.0 ,  𝜇2 𝑢, 𝑤 , 𝛾2 𝑢, 𝑤  =  0.3, 0.6 ,  𝜇2 𝑣, 𝑤 , 𝛾2 𝑣, 𝑤  =  0.1, 0.1 ,  𝜇2 𝑤, 𝑥 , 𝛾2 𝑤, 𝑥  =

 0.0, 0.1 ,  𝜇2 𝑥, 𝑢 , 𝛾2 𝑥, 𝑢  =  0.0, 0.2 ,  𝜇2 𝑣, 𝑥 , 𝛾2 𝑣, 𝑥  =  0.0, 1.0 .  
 

 In 𝐺 In 𝐺 

𝑑 𝑢   0.3, 1.4   0.3, 0.8  

𝑑 𝑣   0.9, 0.7   0.1, 1.1  

𝑑 𝑤   0.6, 1.0   0.4, 0.2  

𝑑 𝑥   0.0, 1.7   0.0, 1.3  
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Proposition 3.4: 

  

The minimum degree of an Intuitionistic Fuzzy Graph  𝐺 and that of  its complement 𝐺 need not be 

same. Also, the maximum degree of an Intuitionistic Fuzzy Graph  𝐺 and that of  its complement 𝐺 need not be 

same.   

 

Example 3.4:  
  

In example 3.3,  
   𝛿 𝐺 = (0.0, 0.7)   and  𝛿 𝐺 = (0.0, 0.2)    

∆ 𝐺 = (0.9, 1.7)  and   ∆ 𝐺 = (0.9, 1.7).   

 

 

IV.    CONCLUSION 
Here we derived some theorems on complete Intuitionistic Fuzzy Graphs and their join. Also we 

analyzed and discussed some more characteristics of the operation join of two IFG based on regularity and 

irregularity of Intuitionistic Fuzzy Graphs. The complement of IFG and some properties are also studied. The 

theory of IFG has more applications in Communication Networks, Information Technology, Pattern Clustering, 

Image Retrieval and so on. So we are planning to extend our investigation to more properties on operations like 

composition and union of two IFGs.  
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