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Abstract. An intuitionistic fuzzy graph can be obtained from two given intuitionistic 
fuzzy graphs using union and join. In this paper, we discuss the total degree of a vertex in 
intuitionistic fuzzy graphs formed by these operations in terms of the degree of vertices in 
the given intuitionistic fuzzy graphs in some particular cases. 

Keywords: Total degree of a vertex, union and join 

AMS Mathematics Subject Classification (2010): 03E72, 03F55 
 
1. Introduction 
Intuitionistic Fuzzy Graph theory was introduced by Atanassov in [1]. In [4], 
Karunambigai and Parvathi introduced intuitionistic fuzzy graph as a special case of 
Atanassov’s IFG. In [2], NagoorGani and Shajitha Begum introduced degree, order and 
size in intuitionistic fuzzy graph. In [5] Radha and Vijaya introduced the total degree of a 
vertex in some fuzzy graphs, in [3] NagoorGani and Rahman introduced the total and 
middle intuitionistic fuzzy graph.In this paper we discuss about union and join operations 
of intuitionistic fuzzy graph and some properties of intuitionistic fuzzy graph are 
introduced. 
 
2. Preliminaries 
Definition 2.1. An intuitionistic fuzzy graph (IFG) is of the form G = 〈V, E〉 where  
(i) � =  
��,�, … , ���such that �� ∶ � → �0,1� and �� ∶ � → �0,1� denotes the degree of 
membership and non-membership of the element �� ∈ V respectively and 0 ≤ ������ + ������ ≤ 1, for every �� ∈ �. 
(ii)� ⊆ � × �where� ∶ � × � → �0,1� and � ∶ � × � → �0,1� such that �"�� , �#$ ≤ %&' (������, ��"�#$) �"�� , �#$ ≤ %*+ (������, ��"�#$) 

and 0 ≤ �"�� , �#$ +  �"�� , �#$ ≤ 1, for every"�� , �#$ ∈ �. 
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Here the triple ��� , ��� , ���� denotes the degree of membership and non-membership of 
the vertexv.. The triple "/�# , ��#, ��#$ denotes the degree of membership and non-
membership of the edge relation /�# = "�� , �#$ on � × �. 
 
Definition 2.2. An IFG 0 = 〈�, �〉 is said to be regular IFG, if there is a vertex which is 
adjacent to vertices with same degrees. 
 
Definition 2.3. Let 0 = 〈�, �〉 be an IFG .Then the degree of a vertex v is defined by     
d(v)=(12(v), 13(v)) where 12(v)=∑ �567 (v,u) and 13(v)=∑ �567 (v,u). 
 
Definition 2.4. Let 0 = 〈�, �〉 be an IFG. If (d9(v), d3(v)) = (k1, k2) for all v∈V that is if 
each vertex has same membership degree k1 and same nonmembership degree k2 then G 
is said to be a regular intuitionistic fuzzy graph. 
 
Definition 2.5. Let 0 = 〈�, �〉 be an IFG. Then the total degree of a vertex u∈v is 
defined by :1�;� = �:12�;�, :13�;��=�∑ �567 �;, �� + ���;�, ∑ �567 �;, �� + ���;�) 
                 = � 12�;� + ���;�, 13�;� + ���;�) 
If each vertex of G has same membership total degree k1 and same nonmembership total 
degree k2, then said to be a total regular IFG. 
 
3. Total degree of a vertex in union 
Definition 3.1. Let 0� ∶ ��� , ��� and 0 ∶ �� , �� be two intuitionistic fuzzy graphs and 0 = 0� ∪ 0 = ��� ∪ �, �� ∪ �� be the union of G�and G. Then the union of IFGs     G� and G is an IFG defined by  

(�� ∪ ��′���� =@ ��   ���                    &A � ∈ ��  ��  B ���                       &A � ∈ �  �� ��� ∨ ��′��� &A � ∈ �� ∩ �
E 

(�� ∪ ��′���� =@ ��   ���                  &A � ∈ ��  ��  B    ���                &A � ∈ �  �� ��� ∧ ��′��� &A � ∈ �� ∩ �
E 

(� ∪ �′���� , �#� =@ ��#                &A /�# ∈ ��  ��#B                &A /�# ∈ �  ��# ∨ ��#′   &A /�# ∈ �� ∩ �  
E 

(� ∪ �′����, �#�  =@ ��#              &A /�# ∈ ��  ��#B               &A /�# ∈ �  ��# ∧ ��#′ ,   &A /�# ∈ �� ∩ �  
E 

where ���, ��� and ���′, ��′� refer the vertex membership and nonmembership 
ofG�and G respectively; ��, �� and ��′, �′� refer the edge membership and 
nonmembership of G�and G respectively. 
 
Theorem 3.1. Let  0� ∶ ���  , ���  *'1 0 ∶ (� , �) be two intuitionistic fuzzy graphs, 
then 
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1. :12�GH ∪GI��;� = :12GH�;�;  :12�GH ∪GI��;�  = :12GI�;� and :13�GH ∪GI��;� =:13GH�;�; :13�GH ∪GI��;�  = :13GI�;�, if ; ∈ ��  or ; ∈ �   but not both. 
2. :12�GH ∪GI��;� =  :12GH�;� +  :12GI�;� − ���;� ∧ ��′�;�  and :13�GH ∪GI��;� =  :13GH�;� +  :13GI�;� − ���;� ∨ ��B �;�, if ; ∈ �� ∩ �  but no edge 
incident at u lies in �� ∩ �. 
3. :12�GH ∪GI��;� = :12GH�;� + :12GI�;� − ���;�⋀��′�;� − ∑ �57∈MH ∩MI �;�� ∧ �′�;�� and  :13�GH ∪GI��;� = :13GH�;� + :13GI�;� − ���;� ∨ ��B �;� − ∑ �57∈MH ∩MI �;�� ∨ �  B �;��, 
if ; ∈ �� ∩ �   and some edges incident at u are in �� ∩ � . 
Proof: For any ; ∈ �� ∪ � , we have three cases to consider. 
Case 1: Either ; ∈ ��   or ; ∈ �   but not both. 
Then no edge incident at u lies in �� ∩ � 
So, �⋃�′ =  ��;��&A; ∈ ��  (i.e.) &A;� ∈ �� 
                   =  �B �;��&A; ∈ �  (i.e.) &A;� ∈ � 
Hence if ; ∈ ��, then the total membership degree of u is  :12�GH ∪GI��;� = 12�GH ∪GI��;� + ���;�                            =  O ��;��57∈MH

 + ���;� 

                                                    = 12GH�;� +  ���;� = :12GH�;� 
Similarly if ; ∈ �  , then the total membership degree of u is  :12�GH ∪GI��;� = :12GI�;� �⋃�B =  ��;��&A ; ∈ ��  (i.e.) &A ;� ∈ ��              =  �′�;�� &A ; ∈ �   (i.e.) &A ;� ∈ � 
Hence, if ; ∈ ��, then the total nonmembership degree of u is :13�GH ∪GI��;� = 13�GH ∪GI��;� + ���;�    =  ∑ ��;��57∈MH  + ���;�                            = 13GH�;� + ���;�   = :13GH�;� 
Similarly if u ∈ V, then the total nonmembership degree of u is :13�GH ∪GI��;� = :13GI�;� 
Case 2: ; ∈ �� ∩ �  but no edge incident at u lies in �� ∩ �.Then any edge incident at u 
is either in E� or in Ebut not both. Also all these edges will be included in G� ∪ G 
Hence the total membership degree of u is  :12�GH ∪GI��;�  = 12�GH ∪GI��;� + � �� ∪ ��′ ��;� =  O ��;��  +  O �′�;��57∈MI

  +   ���;� ∨ ��′�;�57∈MH
 

 =  O ��;�� +  O �′�;��57∈MI
  +   ���;� +  ��′�;� −57∈MH

���;� ∧ ��′�;� 
[Since  ���;� ∨ ��′�;�  +  ���;� ∧ ��′�;�  =   ���;�  + ��′�;� ]  =  O ��;��  +   ���;� + O �′�;��57∈MI

 +  ��′�;� −57∈MH
���;� ∧ ��′�;� 

=  12GH�;�  +  ���;�   +  12GI�;�  +  ��′�;� − ���;� ∧ ��′�;� ∴ :12�GH ∪GI��;� =  :12GH�;�  +  :12GI�;� − ���;� ∧ ��′�;� 
Hence, the total nonmembership degree of u is  :13�GH ∪GI��;�  = 13�GH ∪GI��;� + � �� ∪ ��′ ��;�  =  O ��;�� + O �′�;��57∈MI

  +  ���;� ∧ ��′�;�57∈MH
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=  O ��;��  +  O �′�;��57∈MI
  +   ���;� +  ��′�;� −57∈MH

���;� ∨ ��′�;� 
[Since  ���;� ∧ ��′�;�  +   ���;� ∨ ��′�;�  =   ���;�  + ��′�;� ] =  O ��;��   +   ���;� + O �′�;��57∈MI

 +  ��′�;� −57∈MH
���;� ∨ ��′�;� 

=  13GH�;� +  ���;�   +  13GI�;�  +  ��′�;� − ���;� ∨ ��′�;� ∴ :13�GH ∪GI��;� =  :13GH�;�  +  :13GI�;� − ���;� ∨ ��′�;� 
Case 3: ; ∈ �� ∩ �   and some edges incident at u are in �� ∩ � . 
Any edge uv which is in �� ∩ � appear only once in 0� ∪ 0  and for this uv, ��⋃�′��;�� =  ��;��⋁�′�;�� 
By definition, the total membership degree of u is :12�GH ∪GI��;�  = 12�GH ∪GI��;� + ��� ∪ ��′��;� = O � � ∪ �′57∈M ��;�� +  ���;� ∨ ��′�;� 
= O �57∈MH –MI

�;�� + O �′57∈MI –MH
�;�� + O �57∈MH ∩MI

�;�� ∨ �′�;�� + ���;� ∨ ��′�;� 

= O �57∈MH –MI
�;�� + O � ′57∈MI –MH

�;��   + � O �57∈MH  ∩MI
�;�� ∨ �′�;�� 

+ O �57∈MH  ∩MI
�;�� ∧ �′�;�� �   − O �57∈MH  ∩MI

�;�� ∧ �′�;�� +  ���;� ∨ ��′�;� 
= T O �57∈MH –MI

�;�� + O � ′57∈MI –MH
�;��  + O �57∈MH  ∩MI

�;�� + O �′�;��57∈MH  ∩MI− O �57∈MH  ∩MI
�;�� ∧ �  B �;��U + ���;� +  ��B �;� − ���;� ∧ ��B �;� 

= O ��;�� + ���;� + O �′�;��57∈MI
+ ��B �;� − ���;� ∧ ��B �;�57∈MH

 

− O �57∈MH ∩MI
�;�� ∧ � ′�;�� 

:12�GH ∪GI��;� =  :12GH�;� + :12GI�;� − ���;�⋀ ��′�;� − O �57∈MH  ∩MI
�;�� ∧  � ′�;�� 

��⋃�′��;�� =  ��;�� ∧ � ′�;�� 
The total nonmembership degree of u is :13�GH ∪GI��;� = 13GH∪GI�;� + ��� ∪ ��′��;�  = O � � ∪ �′57 ∈ M ��;�� + ���;� ∧ ��′�;� 

= O �57 ∈MH –MI
�;�� + O � ′57 ∈MI –MH

�;�� + O �57 ∈MH ∩MI
�;�� ∧ � ′�;�� + ���;� ∧ ��′�;� 
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= O �57 ∈MH –MI
�;�� + O � ′57 ∈MI –MH

�;�� + � O �57 ∈MH  ∩MI
�;�� ∧ � ′�;��

+ O �57 ∈MH ∩MI
�;�� ∨ � ′�;�� � − O �57 ∈MH ∩MI

�;�� ∨ � ′�;�� 
+ ���;� ∧ ��′�;� = � O �57 ∈MH –MI

�;�� + O � ′57 ∈MI –MH
�;�� + O �57 ∈MH ∩MI

�;�� + O � 57 ∈MH ∩MI
′�;�� 

− O �57 ∈MH  ∩MI
�;�� ∨ �  ′�;���  +  ���;� +  ��′�;� − ���;� ∨ ��′�;� 

=  O ��;��  +   ���;� + O �′�;��57∈MI
 +  ��B �;� − ���;� ∨ ��B �;�57∈MH

 

− O �57 ∈MH  ∩MI
�;�� ∨ �  ′�;�� 

:13�GH ∪GI��;� = :13GH�;� + :13GI�;� − ���;� ∨ ��′�;� − O �57 ∈MH ∩MI
�;�� ∨ �  ′�;�� 

Example 3.1. Consider0� ∶ ��� , ��� *'1 0 ∶ (� , �) be two intuitionistic fuzzy graphs  
 
                     u1(.3, .4)                          u1(.1, .8)                                        u1(.3, .4) 
 
(.2, .3)             (.2, .3)    (.1, .6) (.1, .7)             (.2, .3)     (.2,  .3)      (.1, .7) 
 
 
w1(.3, .5)           u2 (.5, .4)  w1(.1, .7)         v1(.2, .4)        u2 (.5, .4)   w1(.3, .5)   v1(.2, .4) 
            G1                                    G2                                                                              G1∪G2 

Figure 1: 
In    G1: :1GH�;�� = �.7,1�; :1GH�;� = �.7, .7�; :1GH�W�� = �.5, .8�. 
        G2: :1GI�;�� = �.3,2.1�; :1GI���� = �.3,1.1�; :1GI�W�� = �.2,1.3�. 
G1∪G2: :1GH∪GI�;�� = �. 8,1.7�; :1GH∪GI�;� = �. 7, .7�; :1GH∪GI���� = �. 3,1.1�; :1GH∪GI�W�� = �.5, .8�. 
 
3.1. Total degree of a vertex in join 
Definition 3.1.1.The join of two IFGs G�and Gis an IFG  0 = 0� + 0 = "�� ∪ �, �� ∪ � ∪ �′$ defined by  
 (�� + ��′���� =(�� ∪ ��′����   &A � ∈ �� ∪ � 
 (�� + ��′���� =(�� ∪ ��′����   &A � ∈ �� ∪ � 
 (� + �′����, �#�  =(� ∪ � ′���� , �#�   &A ��, �# ∈ �� ∪ � 
                                 = ������ ∧ ��′��#�&A �� , �# ∈ �′ 
 (� + �′���� , �#�  =(� ∪ �′���� , �#�   &A �� , �# ∈ �� ∪ � 
                                 = ������ ∨ ��′��#�&A �� , �# ∈ �′ 
Theorem 3.1.1. Let 0� ∶ ��� , �� � *'1 0 ∶ (� , �) be two intuitionistic fuzzy graphs 
with �� ∩ � = ].Then 
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1. :12�GH ∪GI��;� = :12GH�;� + O ���;� ∧ ��′���
57 ∈M′

, A^_ *'` ; ∈ ��  *'1 

 :12�GH ∪GI��;� = :12GI�;� + O ���;� ∧ ��′��� ,
57 ∈M′

A^_ *'` ; ∈ �   
2. :13�GH ∪GI��;�  = :13GH�;� +  O ���;� ∨ ��′���, A^_ *'` ; ∈ ��  *'1

57 ∈M′
 

:13�GH ∪GI��;� = :13GI�;� +  O ���;� ∨ ��′���
57 ∈M′

, A^_ *'` ; ∈ �   
Proof: Here �� ∩ � =  ]. Hence �� ∩ � =  ].  
So ��⋃�′�;�� = ��;��  &A ; ∈ ��  (i.e.) &A ;� ∈ ��                              = � ′�;�� &A ; ∈ �   (i.e.)&A ;� ∈ � 
By definition,   :12�GH ∪GI��;� = O �� ∪ �′��;��57∈MH ∪MI

 + O ���;� ∧ ��′���
57 ∈M′

+ ��� ∧ ��′��;� 
 For any ; ∈ ��  , :12�GH ∪GI��;� = O ��;��57∈MH 

+ O ���;� ∧ ��′���
57 ∈M′

+ ���;� 
= 12GH�;� + ���;� + O ���;� ∧ ��′���

57 ∈M′
 

:12�GH ∪GI��;� = :12GH�;� + ∑ ���;� ∧ ��′���57 ∈M′                                                 (3.1.1) 
Similarly, For any ; ∈ �  , :12�GH ∪GI��;� = :12GI�;� + ∑ ���;� ∧ ��′���57 ∈M′                                                 (3.1.2) ��⋃�′�;��   =  ��;�� &A ; ∈ ��  (i.e.) &A ;� ∈ �� 
          =  � ′�;�� &A ; ∈ �   (i.e.) &A ;� ∈ � 
By definition, :13�GH ∪GI��;�  = O �� ∪ �′��;��57∈MH ∪MI

 +  O ���;� ∨ ��′���
57 ∈M′

+  ��� ∨ ��′��;� 
 For any ; ∈ ��  , :13�GH ∪GI��;�  = O ��;��57∈MH 

 +  O ���;� ∨ ��′���
57 ∈M′

+ ���;� 
= 13GH�;� + ���;� + O ���;� ∨ ��′���

57 ∈M′
 

 :13�GH ∪GI��;� = :13GH�;� + ∑ ���;� ∨ ��′���57 ∈M′                                                (3.1.3) 
Similarly, For any ; ∈ �  , :13�GH ∪GI��;� = :13GI�;�  +  ∑ ���;� ∨ ��′���57 ∈M′                                                (3.1.4) 
 
Theorem 3.1.2. Let 0� ∶ ���, �� � *'1 0 ∶ (µ, ν) be two intuitionistic fuzzy graphs  
with �� ∩ � = ]. Then 
              1.��  ≥ ��′ :ℎ/' :12�GH  g GI��;�   = :12GH�;�  + h2�0�, &A; ∈ ��   

              =  :12GI�;� + i� ��′�;� , &A; ∈ �   
2.��′ ≥ ��   :ℎ/' :12�GH  g GI��;�    =  :12GH�;� +  i ��  �;� , &A; ∈ ��   
                                           = :12GI�;� + h2�0��, &A; ∈ � 

            3.��  ≥ ��′ :ℎ/' :13�GH  g GI��;�    = :13GH�;� + h3�0�, &A; ∈ ��   
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                                                      =  :13GI�;� + i���′�;� , &A; ∈ �   
4.��′ ≥ ��   :ℎ/' :13�GH  g GI��;�  =  :13GH�;� + i��  �;� , &A; ∈ ��   
                                                                                     = :13GI�;� + h3�0��, &A; ∈ � 

Proof: 1. If �� ≥ ��′, From �3.1.1�, for any ; ∈ ��,              :12�GH  g GI��;� = :12GI�;� + O ��  �;� ∧ ��′���
57 ∈M′

 

           :12�GH  g GI��;�  = :12GH�;� + O ��  �;� ∧ ��′���
57 ∈M′

 

= :12GH�;� +  O ��′���7 ∈lI
 

= :12GH�;� + h2�0� From �3.1.2�, for any ; ∈ �  , :12�GH  g GI��;� = :12GI�;� +  O ��  �;� ∧ ��′���
57 ∈M′

 

= :12GI�;� + O ��′�;�7 ∈lH
 

= :12GI�;�  +  i� ��′�;� 
Similarly,we get  2. For any ; ∈ ��  ,��′ ≥ ��   :ℎ/' :12�GH  g GI��;� =  :12GH�;� +  i ���;� For any ; ∈ �  , ��′ ≥ ��   :ℎ/' :12�GH  g GI��;� = :12GI�;� + h2�0�� 

3. If ��  ≥ ��′ ,  From �3.1.3�, for any ; ∈ ��  , :13�GH  g GI��;� = :13GI�;�  +  O ��  �;� ∨ ��′���57 ∈Mq
 

:13�GH  g GI��;�  = :13GH�;� + O ��  �;� ∨ ��′���
57 ∈Mq  

= :13GH�;� +  O ��′���7 ∈lI
 

= :13GH�;� + h3�0� From �3.1.4�, for any ; ∈ �,    :13�GHg GI��;�  = :13GI�;� +  O ��  �;� ∨ ��′���57 ∈Mq
 

= :13GI�;� +  O ��′�;�7 ∈lH
 

= :13GI�;�  +  i� ��′�;� 

Similarly,we get 4. For any ; ∈ ��,��B ≥ ��   :ℎ/' :13�GH  g GI��;�  =  :13GH�;� + i ��  �;� For any ; ∈ � , ��B ≥ ��   :ℎ/' :13�GH  g GI��;� = :13GI�;� + h3�0��. 

 

Example 3.1.1. Consider0� ∶ ���  , ��  � *'1 0 ∶ (� , �) be two intuitionistic fuzzy 
graphs with �� ∩ � = ]. 
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  (.2,.3)  u1                                (.3,.4)u2                                         (.2,.3)u1           (.2,.4)            u2(.3,.4) 
 
 
     (.2,.4)                        (.1,.3)                                (.2,.4)                (.3,.4)   (.1,.3)  

  
                                                                                                    (.2,.5) 
 
   (.3,.4)v1                                   (.4,.5)v1                                            (.3,.4)v1         (.3,.5)         v2(.4,.5) 
         G1                                                     G2                                                                        G1+ G2          

Figure 2: 
 
In    G1: :1GH�;�� = �.4, .7�; :1GH���� = �.5, .8�. 
       G2: :1GI�;� = �.4, .7�; :1GI��� = �.5, .8�. 
G1U G2 : :1GHgGI�;�� = �. 8,1.6�; :1GHgGI�;� = �. 9,1.5�; :1GHgGI���� = �1.1,1.7�; :1GHgGI��� = �1,1.8�. 
 
Theorem 3.1.3. Let  0� ∶ ���  , ���  *'1 0 ∶  (� , �) be two intuitionistic fuzzy graphs 
with �� ∩ � = ] such that  �� ∧ ��′ and �� ∨ ��′ are constant functions.  

1. :12�GH  g GI��;� =  :12GH�;� +  u i  , &A; ∈ ��  and :12�GH  g GI��;� = :12GI�;� +u i�, if ; ∈ � where c is a constant value of  μ� ∧ μ�′. 
 

2. tdw�xH  g xI��u� =  tdwxH�u� +  c p  , ifu ∈ V�  and tdw�xH  g xI��u� =  tdwxI�u� +c p�, if ; ∈ �where c is a constant value of  ν� ∨ ν�′. 
Proof: 1. Let �� �;� ∧ ��′���  = c be a constant, for all  ; ∈ ��  and � ∈ � . From �3.1.1�, for any ; ∈ ��, :12�GH  g GI��;� = :12GH�;� + O �� �;� ∧ ��′���7 ∈lI

 

= :12GH�;� +  O u7 ∈lI
 

= :12GH�;� +  u i From �3.1.2�, for any ; ∈ �, :12�GH  g GI��;� = :12GI�;� + O �� �;� ∧ ��′���7 ∈lH
 

= :12GI�;� +  O u7 ∈lH
 

= :12GI�;� +  u i� 

2. Let �� �;� ∨ ��′���  = u be a constant, for all  ; ∈ ��  and � ∈ �  . From �3.1.3�, for any ; ∈ ��, :13�GH  g GI��;� = :13GH�;� + O �� �;� ∨ ��′���7 ∈lI
 

= :13GH�;� +  O u7 ∈lI
 

= :13GH�;� +  ui 
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From �3.1.4�, for any ; ∈ �, :13�GH  g GI��;� = :13GI�;� +  O �� �;� ∨ ��′���7 ∈lH
 

= :13GI�;� +  O u7 ∈lH
 

= :13GI�;� +  ui� 
5. Conclusion 
In this paper, we have found the total degree of vertices in  G� ∪ G and G�+G in terms 
of the total degree of vertices in G�  and G under some conditions and illustrated them 
through examples. They will be useful in studying various properties of Union and Join 
of two intuitionistic fuzzy graphs. 
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