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Abstract 

Totally regular property of union of two intuitionistic fuzzy graphs need not be a totally 

regular intuitionistic fuzzy graph. In this paper, the necessary conditions for the union of two 

totally regular intuitionistic fuzzy graphs to be totally regular under some restrictions are 

obtained. 

1. Introduction 

Intuitionistic Fuzzy Graph theory was introduced by Atanassov in [1]. In 

[6] A. Nagoor Gani and S. Shajitha Begum introduced degree, order and size 

in intuitionistic fuzzy graph. In [10] Radha and Vijaya introduced the totally 

regular property of the composition of some fuzzy graphs. A. Nagoor Gani and 

H. Sheik Mujibur Rahman introduced the Total degree of a vertex in union, 

join Cartesian product and Composition of some intuitionistic fuzzy graphs in 

[7]. In this paper we introduce totally regular property of the union of some 

intuitionistic fuzzy graph. 

2. Preliminaries 

Definition 2.1. An intuitionistic fuzzy graph (IFG) is of the form 

EVG ,=  where (i)  nvvvV ,,, 21 =  such that  1,0:1 → V  and 



H. SHEIK MUJIBUR RAHMAN and A. NAGOOR GANI 

Advances and Applications in Mathematical Sciences, Volume 20, Issue 6, April 2021 

1070 

 1,0:1 → V  denotes the degree of membership and non-membership of 

the element Vvi   respectively and ( ) ( ) ,10 11 + ii vv  for every 

.Vvi   

(ii) VVE   where  1,0:2 → VV  and  1,0:2 → VV  such 

that 

( ) ( ( ) ( ))jiji vvvv 112 ,min,   

( ) ( ( ) ( ))jiji vvvv 112 ,min,   

and ( ) ( ) ,1,,0 22 + jiji vvvv  for every ( ) ., Evv ji   

Here the triple ( )iiiv 11 ,,   denotes the degree of membership and non-

membership of the vertex .iv  The triple ( )ijijije 22 ,,   denotes the degree of 

membership and non-membership of the edge relation ( )jiij vve ,=  on 

.VV   

Definition 2.2. Let EVG ,=  be an IFG. Then the degree of a vertex v 

is defined by ( ) ( ( ) ( )),, vdvdvd =  where ( ) ( )  = vu uvvd ,2  and 

( ) ( )  =
vu

uvvd .,2  

Definition 2.3. Let EVG ,=  be an IFG. If ( ( ) ( )) ( )21 ,, kkvdvd =  for 

all Vv   that is if each vertex has same membership degree 1k  and same 

nonmembership degree 2k  then G is said to be a regular intuitionistic fuzzy 

graph. 

Definition 2.4. Let EVG ,=  be an IFG. Then the total degree of a 

vertex vu   is defined by  

( ) ( ( ) ( )) ( ( ) ( ) ( ) ( ))  ++==
vuvu

uvuuvuutdutdutd 1212 ,,,,  

( ( ) ( ) ( ) ( ))., 11 uuduud ++=   

If each vertex of G has same membership total degree 1k  and same 

nonmembership total degree ,2k  then said to be a totally regular 

intuitionistic fuzzy graph. 
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Definition 2.5. Let ( )EVG ,=  be an intuitionistic fuzzy graph. Then 

the minimum degree of G is ( ) ( ( ) ( )),, GGG  =  where 

( )  ( ) VvvdG =  min  and ( )  ( ) .min VvvdG =   

Definition 2.6. Let ( )EVG ,=  be an intuitionistic fuzzy graph. Then 

the maximum degree of G is ( ) ( ( ) ( )),, GGG v=   where 

( )  ( ) VvvdG =  max  and ( )  ( ) .max VvvdG =   

Definition 2.7. Let ( )EVG ,=  be an intuitionistic fuzzy graph. Then G 

is an irregular intuitionistic fuzzy graph, if there is a vertex which is adjacent 

to vertices with distinct degrees. 

Definition 2.8. Let ( )111 ,: EVG  and ( )222 ,: EVG  be two intuitionistic 

fuzzy graphs and ( )212121 , EEVVGGG  ==  be the union of 1G  and 

.2G  Then the union of intuitionistic fuzzy graphs 1G  and 2G  is an 

intuitionistic fuzzy graph defined by 

( ) ( )

( )

( )

( ) ( )












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
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11
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if,

if,

if,

VVvvv
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

  
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Where ( )11 ,   and ( )11 ,   refer the vertex membership and 

nonmembership of 1G  and 2G  respectively, ( )22 ,   and ( )22 ,   refer the 

edge membership and nonmembership of 1G  and 2G  respectively. 

3. Total Degree of a Vertex in Union of Intuitionistic Fuzzy Graph 

Let ( )EVG ,:1  and ( )EVG ,:2  be two intuitionistic fuzzy graphs 

(i) ( )( ) ( ) ( )( ) ( )utdutdutdutd GGGGGG 221121
;  ==   and ( )( )utd GG 21  

( ) ( )( ) ( ),;
2211

utdutdutd GGGvG  ==   if 1Vu   or 2Vu   but not both. 

(ii) ( )( ) ( ) ( ) ( ) ( )uuutdutdutd GGGG 112121
−+=    and ( )( )utd GG 21  

( ) ( ) ( ) ( )uuutdutd GG 1121
−+=   if 21 VVu   but no edge incident at 𝑢 

lies in .21 EE   

(iii) 

( )( ) ( ) ( ) ( ) ( ) ( ) ( ) 
 −−+=

21
2121 2211

EEuv
GGGG uvuvuuutdutdutd


  

and 

( )( ) ( ) ( ) ( ) ( ) ( ) ( ) 
 −−+=

21
2121 2211

EEuv
GGGG uvuvuuutdutdutd


  

if 21 VVu   and some edges incident at 𝑢 are in .21 EE   

4. Properties of Totally Regular Intuitionistic Fuzzy Graphs 

Proposition 4.1. In any intuitionistic fuzzy graph G, if ( ) ( ) ,0, 11  v   

for every vertex ,Vv   then ( ) ( ) 0,0   vtdvtd  for every vertex .Vv   

Proof. Since ( ) ( ) 0, 11  v   for every vertex  ,Vv   ( ) ,0 vtd  

( ) 0 vtd  for every vertex .Vv   

Proposition 4.2. The total degree of a vertex v is ( ) ( )v11 ,   if and only if 

the degree of v is zero. 

Proof. The total degree of a vertex v is ( ( )( ) ( )( )) ( ) ( )vvtdvtd GG 11 ,, =   
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( ) ( ) ( ) ( ) ( )


=+

Euv

vvuv 111122 ,,  

( )


=

Euv

uv 022  

( ( )( ) ( )( )) 0, =  vdvd GG  

( ) .0= vdG  

Proposition 4.3. The total degree of a vertex v is ( ) ( )v11 ,   for every 

vertex v in G if and only if G is a null intuitionistic fuzzy graph. 

Proof. ( ( )( ) ( )( )) ( ) ( )vvtdvtd GG 11 ,, =  for every vertex Vv   

( ) ,0= vdG  for every vertex Vv   

G  is a null intuitionistic fuzzy graph. 

5. Totally Regular Property of Union of Intuitionistic Fuzzy Graphs 

Theorem 5.1. If 1G  and 2G  are two disjoint ( )-, 21 kk totally regular 

intuitionistic fuzzy graphs, then 21 GG   is a ( )-, 21 kk totally regular 

intuitionistic fuzzy graph. 

Proof. Since 1G  and 2G  are disjoint intuitionistic fuzzy graphs. 

( )( )
( ) ( )

( ) ( )






=






2

1

if,

if,

2

1

21 Vuutd

Vuutd
utd

G

G
GG   

,1k=  for every 21 VVu   

( )( )
( )( )

( )( )










=







2

1

if,

if,

2

1

21
Vuutd

Vuutd

utd

G

G

GG   

,2k=  for every 21 VVu   

21 GG   is ( )-, 21 kk totally regular intuitionistic fuzzy graph. 
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Example 5.2. 

 

Figure 5.1. 

In the above Example the graphs 1G  and 2G  are (0.8, 0.4) totally regular 

intuitionistic fuzzy graphs, 21 GG   is also (0.8, 0.4) totally regular 

intuitionistic fuzzy graph. 

Remark 5.3. The above theorem does not hold when 1G  and 2G  are edge 

disjoint but not vertex disjoint intuitionistic fuzzy graphs. For example, 

consider the union of two intuitionistic fuzzy graphs 1G  and 2G  in the 

following figure 

 

Figure 5.2. 

In figure 5.2 1G  and 2G  are totally regular fuzzy graphs but 21 GG   is 

not totally regular. Here 1G  and 2G  are edge disjoint but they have the 

vertex 𝑢 in common. 
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Conclusion 

In this paper we have showed that the Union of two totally regular 

intuitionistic fuzzy graphs to be totally regular intuitionistic fuzzy graph in 

some particular cases and also discussed some basic properties of totally 

regular intuitionistic fuzzy graphs. 
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