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1. Introduction 
Fuzzy graph theory was introduced by Rosenfeld in 1975 [10]. Mordeson and Peng 
introduced the concept of operations on fuzzy graphs [2]. Conjunction (tensor product) of 
two fuzzy graphs was defined by Nagoorgani and Radha [3]. The degree of a vertex in 
fuzzy graphs which are obtained from two given fuzzy graphs using the operation of 
normal product was discussed by Nirmala and Vijaya [9]. Radha and Kumaravel 
introduced the concept of degree of an edge and total degree of an edge in fuzzy graphs 
[6]. We study about the degree of an edge in fuzzy graphs which are obtained from two 
given fuzzy graphs using the operations of tensor product and normal product. A fuzzy 
subset of a set V is a mapping σ  from V to [0, 1]. A fuzzy graph G is a pair of 
functions ),(: µσG  where σ  is a fuzzy subset of a non-empty set V  and µ  is a 

symmetric fuzzy relation onσ , (i.e.) )()()( yxxy σσµ ∧≤ for all Vyx ∈, . The 

underlying crisp graph of ),(: µσG  is denoted by ),(:* EVG where VVE ×⊆ . 
Throughout this paper, ),(: 111 µσG  and ),(: 222 µσG  denote two fuzzy graphs with 

underlying crisp graphs ),(: 11
*
1 EVG  and ),(: 22

*
2 EVG with 2,1, == ipV ii

. Also )(* iG
ud

i

 

denotes the degree of iu in *
iG . Let ),(: µσG  be a fuzzy graph on ),(:* EVG . The degree 
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of a vertex u is ∑
≠

=
vu

G vuud ),()( µ . The minimum degree of G is { }VvvdG G ∈∀∧= ),()(δ  

and the maximum degree of G is { }VvvdG G ∈∀∨=∆ ),()( . The total degree of a vertex 

Vu∈ is defined by  )(),()( uvuutd
vu

G σµ +=∑
≠

. The order and size of a fuzzy graph G are 

defined by ∑
∈

=
Vu

uGO )()( σ and ∑
∈

=
Euv

uvGS )()( µ . Let ),(:* EVG be a graph and let uve=  

be an edge in *G . Then the degree of an edge Euve ∈= is defined by
2)()()( *** −+= vduduvd

GGG
. Let ),(: µσG  be a fuzzy graph on ),(:* EVG . The degree 

of an edge uv is )(2)()()( uvvduduvd GGG µ−+= = ∑
≠
∈
vw
Euw

uw)(µ + ∑
≠
∈
uw
Ewv

wv)(µ . The total 

degree of an edge Euv∈ is defined by )()()()( uvvduduvtd GGG µ−+= . This is 

equivalent to )(uvtdG = ∑
≠
∈
vw
Euw

uw)(µ + ∑
≠
∈
uw
Ewv

wv)(µ + )(uvµ = )(uvdG + )(uvµ . The minimum 

edge degree and maximum edge degree of G are { }EuvuvdG GE ∈∀∧= ),()(δ  and

{ }EuvuvdG GE ∈∀∨=∆ ),()( . A fuzzy graph ),(: µσG  is strong, if 

)()()( yxxy σσµ ∧= for all Exy∈ . 
 
2. Preliminaries 
Definition 2.1. [3] Let ),(*

2
*
1

* EVGGG =∧= be the tensor product (conjunction) of two 

graphs *
1G and *

2G , where 21 VVV ×= and },:),)(,{( 2221112121 EvuEvuvvuuE ∈∈= . 

Then the tensor product of two fuzzy graphs 1G  and 2G  is a fuzzy graph

),(: 21212121 µµσσ ∧∧∧=∧= GGGGG  defined by

Vuuuuuu ∈∀∧=∧ ),(),()(),)(( 2122112121 σσσσ  and 

.,),()(),)(,)((( 222111222111212121 EvuEvuvuvuvvuu ∈∀∈∀∧=∧ µµµµ  

Definition 2.2. [9] Let ),(*
2

*
1

* EVGGG =•= be the normal product of two graphs *1G  

and *
2G , where 21 VVV ×= and },:),)(,{( 222122 EvuVuvuuuE ∈∈= ∪

},:),)(,{( 211111 VwEvuwvwu ∈∈ ∪ },:),)(,{( 2221112121 EvuEvuvvuu ∈∈ . Then the 

normal product of two fuzzy graphs 1G  and 2G  is a fuzzy graph 

),(: 212121 µµσσ •••= GGG defined by Vuuuuuu ∈∀∧=• ),(),()(),)(( 2122112121 σσσσ and

,,),()(),)(,)((( 222122212221 EvuVuvuuvuuu ∈∀∈∀∧=• µσµµ  

111211121121 ,),()(),)(,)((( EvuVwvuwwvwu ∈∀∈∀∧=• µσµµ , and 

.,,)()(),)(,)((( 222111222111212121 EvuEvuvuvuvvuu ∈∀∈∀∧=• µµµµ  
 
Notation 2.1. The relation 21 µσ ≤ means that )()( 21 eu µσ ≤  for every 1Vu∈ and 2Ee∈ , 

where 1σ  is a fuzzy subset of 1V and 2µ is a fuzzy subset of 2E .  
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Theorem 2.1. [4] If ),(: 111 µσG  and ),(: 222 µσG  are two fuzzy graphs such that 

21 µσ ≤ , then 12 µσ ≥  and vice versa.  

Theorem 2.2. [7] If ),(: 111 µσG  and ),(: 222 µσG  are two fuzzy graphs such that 

21 µσ ≤ , then 21 µµ ≤ . 

 
3. Edge regular properties of tensor product of two fuzzy graphs 
3.1. The degree of an edge in tensor product of two fuzzy graphs 
By definition, for any Evvuu ∈)),)(,(( 2121 with 222111 & EvuEvu ∈∈ .                     

)),)(,(( 212121
vvuud GG ∧ = )),)(,((2),(),( 21212121 2121

vvuuvvduud GGGG µ−+ ∧∧  

= ))()((2)),(),(()),(),(( 22211121
),)(,(

2121
),)(,(

21

21212121

vuvuvvwwwwuu
EvvwwEwwuu

µµµµ ∧−+ ∑∑
∈∈

 

= ))()((2)()()()( 222111
,

222111
,

222111

222111222111

vuvuvwvwwuwu
EvwEvwEwuEwu

µµµµµµ ∧−∧+∧ ∑∑
∈∈∈∈     

(3.1.1) 

In the following theorems, we find the degree of )),)(,(( 2121 vvuu  in 21 GG ∧  in terms of 

those in 1G  and 2G  in some particular cases. 
 
Theorem 3.1.1. Let ),(: 111 µσG  and ),(: 222 µσG  be two fuzzy graphs such that 21 µµ ≥ . 

Then for any Evvuu ∈),)(,( 2121 , 

)),)(,(( 212121
vvuud GG ∧ = )(2)()()()( 2222121 2

*
12

*
1

vuvdvdudud GGGG
µ−+ . 

Proof: We have, 21 µµ ≥ .From (3.1.1), for any Evvuu ∈),)(,( 2121 , 

)),)(,(( 212121
vvuud GG ∧  

= ))()((2)()()()( 222111
,

222111
,

222111

222111222111

vuvuvwvwwuwu
EvwEvwEwuEwu

µµµµµµ ∧−∧+∧ ∑∑
∈∈∈∈

 

= )(2)()( 222
,

222
,

222

222111222111

vuvwwu
EvwEvwEwuEwu

µµµ −+ ∑∑
∈∈∈∈  

= )(2)()()()( 22222212221

222

*
1

222

*
1

vuvwvdwuud
Evw

G
Ewu

G
µµµ −+ ∑∑

∈∈  
∴ )),)(,(( 212121

vvuud GG ∧ = )(2)()()()( 2222121 2
*
12

*
1

vuvdvdudud GGGG
µ−+ . 

 
Theorem 3.1.2. Let ),(: 111 µσG  and ),(: 222 µσG be two fuzzy graphs. 

If ),(: 111 µσG  is a strong fuzzy graph with 21 µσ ≤  and 1σ is a constant function with 

11 )( cu =σ  for all 1Vu∈ , then for any Evvuu ∈),)(,( 2121 , 

)),)(,(( 212121
vvuud GG ∧  = )2)()()()(( 12121 *

1
*
2

*
1

*
2

−+ vdvdududc
GGGG

. 

Proof: We have 21 µσ ≤ and 11 )( cu =σ .Since ),(: 111 µσG  is a strong fuzzy graph. 

Then .,& 12111 Euvc ∈∀≤= µµµ  

From (3.1.1), for any Evvuu ∈),)(,( 2121 , 

∑∑
≠≠
∈∈

≠≠
∈∈

∧ ∧+∧=

2211

222111

2211

222111

21

)(
,,

222111

)(
,,

2221112121 )()()()()),)(,((

uworuw
EvwEvw

vworvw
EwuEwu

GG vwvwwuwuvvuud µµµµ  
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= )()()()( 111
,

111111
,

111

222111222111

vuvwvuwu
EvwEvwEwuEwu

µµµµ −+− ∑∑
∈∈∈∈

 

 = 
11212 2)()(

111

*
2

111

*
2

ccvdcud
Evw

G
Ewu

G
−+ ∑∑

∈∈

 

∴ )),)(,(( 212121
vvuud GG ∧  = )2)()()()(( 12121 *

1
*
2

*
1

*
2

−+ vdvdududc
GGGG

. 

 
3.2. Edge regular property of tensor product of two fuzzy graphs 
Remark 3.2.1. If ),(: 111 µσG  and ),(: 222 µσG  be two edge regular fuzzy graphs, then 

21 GG ∧  need not be edge regular fuzzy graph. For example, in figure 3.2.1 1G  and 2G

are edge regular fuzzy graphs, but 21 GG ∧ is not an edge regular fuzzy graph.  
 
Remark 3.2.2. If 

21 GG ∧ is an edge regular fuzzy graph, then ),(: 111 µσG  or 

),(: 222 µσG  need not be edge regular fuzzy graph.For example, in figure 3.2.2 21 GG ∧
is 3 – edge regular fuzzy graph. But2G is not an edge regular fuzzy graph. 
 

 
Figure 3.2.1: 

21 GG ∧  
  

 
Figure 3.2.2: 

21 GG ∧  
 

Theorem 3.2.1. Let ),(: 111 µσG  and ),(: 222 µσG be two fuzzy graphs with 21 µµ ≥  and 

2µ is a constant function. Let ),(: 111 EVG∗  be regular graph. Then 21 GG ∧ is an edge 

regular fuzzy graph if and only if 2G is an edge regular fuzzy graph. 

Proof: Let ),(: 111 EVG∗  be regular graph. Then 111 ,)(*
1

Vumud
G

∈∀= , where m is a 

constant. Since 2µ is a constant function. Then c=2µ , where c is a constant. 



K. Radha and N. Kumaravel 

139 
 

Assume that 2G is an edge regular fuzzy graph. Then 22222 ,)(
2

EvukvudG ∈∀= , where 

k  is a constant. By theorem 3.1.1, If 21 µµ ≥ , then for any Evvuu ∈),)(,( 2121 , 

)),)(,(( 212121
vvuud GG ∧ = )(2)()()()( 2222121 2

*
12

*
1

vuvdvdudud GGGG
µ−+  

= cvmdumd GG 2)()( 22 22
−+  = cvuvuvdudm GG 2))(2)(2)()(( 22222222 22

−+−+ µµ   

= cmcvudm G 22))(( 222
−+  = )1(2 −+ mcmk  (Since 222 Evu ∈ ) 

Hence 21 GG ∧ is an edge regular fuzzy graph. 

Conversely, assume that 21 GG ∧ is an edge regular fuzzy graph. Then 

)),)(,(( 212121
vvuud GG ∧ = )),)(,(( 212121

xxwwd GG ∧ , for any ),)(,( 2121 vvuu  and 

Exxww ∈),)(,( 2121  
)(2)()()()( 2222121 2

*
12

*
1

vuvdvdudud GGGG
µ−+ = )(2)()()()( 2222121 2

*
12

*
1

xxxdxdwdwd GGGG
µ−+  

⇒ cvmdumd GG 2)()( 22 22
−+ = cvmdumd GG 2)()( 22 22

−+  

⇒ ))(2)(2)()(( 22222222 22
vuvuvdudm GG µµ +−+

 
= ))(2)(2)()(( 22222222 22

xwxwxdwdm GG µµ +−+  

⇒ mcvumdG 2)( 222
+ = mcxwmdG 2)( 222

+        (Since 
22vu and 222 Exw ∈ ) 

⇒ )( 222
vudG

= )( 222
xwdG

 

Hence 2G is an edge regular fuzzy graph. 
 
Theorem 3.2.2. Let ),(: 111 µσG  be a strong fuzzy graph with 21 µσ ≤ , 1σ be a constant 

function with 11 )( cu =σ for all
1Vu ∈  and ),(: 222 µσG  be a fuzzy graph. If ),(: 111 EVG∗  

and ),(: 222 EVG∗ are regular graphs, then 21 GG ∧ is an edge regular fuzzy graph. 
Proof: Assume ),(: 111 EVG∗  and ),(: 222 EVG∗ are regular graphs.  
Then 222111 ,)(,)( *

2
*
1

VunudandVumud
GG

∈∀=∈∀= , where m and n  are constants. 

By theorem 3.1.2, for any Evvuu ∈),)(,( 2121 , 

 )),)(,(( 212121
vvuud GG ∧  = )2)()()()(( 12121 *

1
*
2

*
1

*
2

−+ vdvdududc
GGGG

 

                                      = )2(1 −+ nmnmc = )1(2 1 −nmc  
 Hence 21 GG ∧ is an edge regular fuzzy graph. 
 
4. Edge regular properties of normal product of two fuzzy graphs 
4.1. The degree of an edge in normal product of two fuzzy graphs 
By definition, for any Evvuu ∈)),)(,(( 2121 , 

∑∑
≠

∈
≠

∈
• •+•=

),(),(
,),)(,(

212121

),(),(
,),)(,(

2121212121

2121

2121

2121

2121

21
)),)(,)((()),)(,)((()),)(,((

uuww
Evvww

vvww
Ewwuu

GG vvwwwwuuvvuud µµµµ . 

(1). If 22211 , Evuvu ∈= , then 

)),)(,(( 212121
vuuud GG • = )()( 22

,,
211

22

11222

wuu

vw
wuEwu

∑
≠

=∈

∧ µσ  + ∑
=∈

∧
22111 ,

22111 )()(
wuEwu

uwu σµ  
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+ ∑
∈∈

∧
222111 ,

222111 )()(
EwuEwu

wuwu µµ + )()( 22
,,

211

22

11222

vwu

uw
uwEvw

∑
≠

=∈

∧ µσ + ∑
=∈

∧
22111 ,

22111 )()(
vwEuw

vuw σµ  

+ ∑
∈∈

∧
222111 ,

222111 )()(
EvwEuw

vwuw µµ                                                                                 (4.1) 

(2). If 22111 , vuEvu =∈ , then 

)),)(,(( 212121
uvuud GG • = )()( 22

,
211

11222

wuu
wuEwu

∑
=∈

∧ µσ  + ∑
≠

=∈

∧

11

22111 ,,
22111 )()(

vw
wuEwu

uwu σµ  

+ ∑
∈∈

∧
222111 ,

222111 )()(
EwuEwu

wuwu µµ + )()( 22
,

211

11222

uwv
uwEuw

∑
=∈

∧ µσ + ∑
≠

=∈

∧

11

22111 ,,
22111 )()(

uw
uwEvw

uvw σµ  

+ ∑
∈∈

∧
222111 ,

222111 )()(
EuwEvw

uwvw µµ
                                                                                   

 (4.2) 

(3). If 222111 , EvuEvu ∈∈ , then 

)),)(,(( 212121
vvuud GG • = ∑∑

∈∈

•+•
EuvwwEwwuu

vvwwwwuu
),)(,(

212121
),)(,(

212121

21212121

)),)(,)((()),)(,)((( µµµµ  

– )),)(,)(((2 212121 vvuuµµ •  

= )()( 22
,

211

11222

wuu
wuEwu

∑
=∈

∧ µσ + ∑
=∈

∧
22111 ,

22111 )()(
wuEwu

uwu σµ + ∑
∈∈

∧
222111 ,

222111 )()(
EwuEwu

wuwu µµ
 

+ )()( 22
,

211

11222

vwv
uwEvw

∑
=∈

∧ µσ + ∑
=∈

∧
22111 ,

22111 )()(
vwEvw

vvw σµ + ∑
∈∈

∧
222111 ,

222111 )()(
EvwEvw

vwvw µµ
 

– )),)(,)(((2 212121 vvuuµµ •                                                                                       (4.3) 

Theorem 4.1.1. Let ),(: 111 µσG  and ),(: 222 µσG be two fuzzy graphs.  

If 21 µσ ≥ , 12 µσ ≥ and 21 µµ ≥ , then for any Evvuu ∈),)(,( 2121 , 

(1). )),)(,(( 212121
vuuud GG • = ))()()(()(2)( 221122 22

*
112

vdudududvud GGGGG +++ , 

(2). )),)(,(( 212121
uvuud GG • = )2)()()(()( 11211 *

1
*
121

+++ vdududvud
GGGG , 

(3). )),)(,(( 212121
vvuud GG • = )()()()()( 212211 2

*
1211

ududvudvdud GGGGG +++
 

)()( 21 2
*
1

vdvd GG
+ . 

Proof: We have 21 µσ ≥ , 12 µσ ≥ and 21 µµ ≥ . 
(1). From (4.1), for any Evuuu ∈),)(,( 2121 ,  

)),)(,(( 212121
vuuud GG • = ∑

≠∈ 22222 ,
222 )(

vwEwu

wuµ + ∑
∈ 111

)( 111
Ewu

wuµ + ∑
∈∈ 222111 ,

222 )(
EwuEwu

wuµ
 

+ )( 22
,

2

22222

vw
uwEvw

∑
≠∈

µ + ∑
∈ 111

)( 111
Euw

uwµ + ∑
∈∈ 222111 ,

222 )(
EvwEuw

vwµ  

= )( 222
vudG + )()()()()()( 211211 2

*
112

*
11

vdududududud GGGGGG +++  

∴ )),)(,(( 212121
vuuud GG • = ))()()(()(2)( 221122 22

*
112

vdudududvud GGGGG +++ . 

(2). From (4.2), for any Euvuu ∈),)(,( 2121 ,  
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)),)(,(( 212121
uvuud GG • = )( 222

222

wu
Ewu

∑
∈

µ + ∑
≠∈ 11111 ,

111 )(
vwEwu

wuµ + ∑
∈∈ 22111 ,

222 )(
VwEwu

wuµ
 

+ )( 222

222

uw
Euw

∑
∈

µ + ∑
≠∈ 11111 ,

111 )(
uwEvw

vwµ + ∑
∈∈ 22111 ,

222 )(
VwEvw

uwµ  

= )()()()()()()( 21221112 2
*
122

*
112

udvdudududvudud GGGGGGG ++++
 

∴ )),)(,(( 212121
uvuud GG • = )2)()()(()( 11211 *

1
*
121

+++ vdududvud
GGGG . 

(3). From (4.3), for any Evvuu ∈),)(,( 2121 ,  

)),)(,(( 212121
vvuud GG • = )( 222

222

wu
Ewu

∑
∈

µ + ∑
∈ 111

)( 111
Ewu

wuµ + ∑
∈∈ 222111 ,

222 )(
EwuEwu

wuµ
 

+ )( 222

222

vw
Evw

∑
∈

µ  + ∑
∈ 111

)( 111
Evw

vwµ + )(2)( 222
,

222

222111

vuvw
EvwEvw

µµ −∑
∈∈  

= )( 22
udG + )( 11

udG + ∑
∈ 222

*
1

)()( 2221
Ewu

G
wuud µ + )( 22

vdG
+ )( 11

vdG
+ )(2)()( 2222221

222

*
1

vuvwvd
Evw

G
µµ −∑

∈

∴ )),)(,(( 212121
vvuud GG • = )()()()()( 212211 2

*
1211

ududvudvdud GGGGG +++
 

)()( 21 2
*
1

vdvd GG
+ . 

 
Theorem 4.1.2. Let ),(: 111 µσG  and ),(: 222 µσG be two fuzzy graphs.If 21 µσ ≤  and 

1σ is a constant function with 11 )( cu =σ  for all 
1Vu ∈ , then for any Evvuu ∈),)(,( 2121 , 

(1). )),)(,(( 212121
vuuud GG • = 11122 4))()(2)()((

1
*
2

*
2

cudcvdud GGG
−+++ , 

(2). )),)(,(( 212121
uvuud GG • = )2)()()(()( 111211 11

*
21

cvdududvud GGGG +++ , 

(3). )),)(,(( 212121
vvuud GG • = ))()(())()(()( 11211211 1

*
21

*
21

cvdvdcududvud GGGGG ++++ . 

Proof: We have 21 µσ ≤ . Then by theorem 2.4 and theorem 2.5, 12 µσ ≥  and 21 µµ ≤ . 
(1). From (4.1.1), for any Evuuu ∈),)(,( 2121 ,   

)),)(,(( 212121
vuuud GG • = ∑

≠∈ 22222 ,
11 )(

vwEwu

uσ + ∑
∈ 111

)( 111
Ewu

wuµ + ∑
∈∈ 222111 ,

111 )(
EwuEwu

wuµ + ∑
≠∈ 22222 ,

11 )(
uwEvw

uσ
 

+ ∑
∈ 111

)( 111
Euw

uwµ + ∑
∈∈ 222111 ,

111 )(
EvwEuw

uwµ
 

= )1)(( 21 *
2

−udc
G

+ )( 11
udG  + )()( 12 1

*
2

udud GG
+ )1)(( 21 *

2
−vdc

G
+ )( 11

udG + )()( 12 1
*
2

udvd GG
 

= )2)()(( 221 *
2

*
2

−+ vdudc
GG

+ )(2 11
udG  + ))()()(( 221 *

2
*
21

vdudud
GGG +  

= )2)()(( 221 *
2

*
2

−+ vdudc
GG

+ )2)()()(( 221 *
2

*
21

++ vdudud
GGG  

= )42)()(( 221 *
2

*
2

−++ vdudc
GG

+ )2)()()(( 221 *
2

*
21

++ vdudud
GGG  

∴ )),)(,(( 212121
vuuud GG • = 11122 4))()(2)()((

1
*
2

*
2

cudcvdud GGG
−+++ . 

(2). From (4.1.2), for any Euvuu ∈),)(,( 2121 ,  

)),)(,(( 212121
uvuud GG • = ∑

∈ 222

)( 11
Ewu

uσ + ∑
≠∈ 11111 ,

111 )(
vwEwu

wuµ + ∑
∈∈ 222111 ,

111 )(
EuwEwu

wuµ + ∑
∈ 222

)( 11
Euw

vσ  
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+ ∑
≠∈ 11111 ,

111 )(
uwEvw

vwµ + ∑
∈∈ 222111 ,

111 )(
EuwEvw

vwµ  

= )()()()()()(2 12121121 1
*
21

*
21

*
2

vdudududvududc GGGGGG
+++  

∴ )),)(,(( 212121
uvuud GG • = )2)()()(()( 111211 11

*
21

cvdududvud GGGG +++ . 

(3). From (4.1.3), for any Evvuu ∈),)(,( 2121 ,  

)),)(,(( 212121
vvuud GG • = ∑

∈ 222

)( 11
Ewu

uσ + ∑
∈ 111

)( 111
Ewu

wuµ + ∑
∈∈ 222111 ,

111 )(
EwuEwu

wuµ + ∑
∈ 222

)( 11
Evw

vσ
 

+ ∑
∈ 111

)( 111
Evw

vwµ + )(2)( 111
,

111

222111

vuvw
EvwEvw

µµ −∑
∈∈

 

= ))()(( 221 *
2

*
2

vdudc
GG

+ + )( 11
udG  + )( 11

vdG – )(2 111 vuµ + )()( 12 1
*
2

udud GG
+ )()( 12 1

*
2

vdvd GG
 

∴ )),)(,(( 212121
vvuud GG • = ))()(())()(()( 11211211 1

*
21

*
21

cvdvdcududvud GGGGG ++++ . 

 
4.2. Edge regular property of normal product of two fuzzy graphs 
Remark 4.2.1. If ),(: 111 µσG  and ),(: 222 µσG  be two edge regular fuzzy graphs, then 

21 GG •  need not be edge regular fuzzy graph. For example, in figure 4.2.1, 1G  and 2G
are edge regular fuzzy graphs, but 21 GG • is not an edge regular fuzzy graph. 

 
Figure 4.2.1: 

Remark 4.2.1. If 21 GG • is an edge regular fuzzy graph, then ),(: 111 µσG  or 

),(: 222 µσG  need not be edge regular fuzzy graph. For example, in figure 4.2.2, 21 GG •
is 1.8 – edge regular fuzzy graph, but1G is not an edge regular fuzzy graph. 

 
Figure 4.2.2: 

Theorem 4.2.1. Let ),(: 111 µσG  and ),(: 222 µσG  be two regular fuzzy graphs of same 

degree with 21 µσ ≥ , 12 µσ ≥ and 21 µµ ≥ . Let ),(: 111 EVG∗  be regular graph. Then 
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21 GG • is an edge regular fuzzy graphif and only if2G and 2G are edge regular fuzzy 
graphs of same degree. 
Proof: Let 2211121 ,)()()( *

121
VuandVunudandmudud

GGG ∈∈∀=== , where nandm are 

constants. 
Assume that 1G and 2G  are k - edge regular fuzzy graphs, where k  is a constant. 

By theorem 4.1.1, for any Evvuu ∈),)(,( 2121 , when 22211 , Evuvu ∈= ,  

)),)(,(( 212121
vuuud GG • = ))()()(()(2)( 221122 22

*
112

vdudududvud GGGGG +++  

= ))()()(()(2)( 221122 22
*
112

vdudududvud GGGGG +++ = )(2 mmnmk +++ = )1(2 ++ nmk  

Similarly, when 22111 , vuEvu =∈ and 222111 , EvuEvu ∈∈ , 

)),)(,(( 212121
uvuud GG • = )),)(,(( 212121

vvuud GG • = )1(2 ++ nmk  

Hence 21 GG • is an edge regular fuzzy graph. 

Conversely, assume that 21 GG • is an edge regular fuzzy graph. To prove that 1G and 2G  
are edge regular fuzzy graphs of same degree.

 
Let 11111 , Exwvu ∈ be any two edges of 1G . Fix 2Vu∈ . 

Then Euxuwanduvuu ∈),)(,(),)(,( 1111 , )),)(,(( 1121
uvuud GG • = )),)(,(( 1121

uxuwd GG • . 

)2)()()(()( 1111 *
1

*
121

+++ vdududvud
GGGG = )2)()()(()( 1111 *

1
*
121

+++ xdwdudxwd
GGGG  

)2()( 111
+++ nnmvudG = )2()( 111

+++ nnmxwdG  
)( 111

vudG = )( 111
xwdG , 11111 Exwandvu ∈∀ .

 
∴ 1G is an edge regular fuzzy graph. 

Similarly, 2G  is an edge regular fuzzy graph. 

Now, to prove that 1G and 2G  are edge regular fuzzy graphs of same degree. 

Suppose that 1G  is 1k  – edge regular fuzzy graph and 2G  is 2k  – edge regular fuzzy 

graph with 21 kk ≠ . 

∴ )),)(,(( 212121
vuuud GG • = ))()()(()(2)( 221122 22

*
112

vdudududvud GGGGG +++  

= )(22 mmnmk +++ = )1(22 ++ nmk                                                                    (4.2.1) 

∴ )),)(,(( 212121
uvuud GG • = )2)()()(()( 11211 *

1
*
121

+++ vdududvud
GGGG  

= )2(1 +++ nnmk = )1(21 ++ nmk                                                                       (4.2.2) 

From (4.2.1) and (4.2.2), ≠• )),)(,(( 212121
vuuud GG )),)(,(( 212121

uvuud GG • , since 21 kk ≠ . 

This is a contradiction to our assumption that 21 GG • is an edge regular fuzzy graph. 

∴ 1G and 2G  are edge regular fuzzy graphs of same degree. 
 
Theorem 4.2.2. [8] Let µ = c be a constant function in G: (σ, µ) on G*: (V, E). If G is 
regular, then G is edge regular. 
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Theorem 4.2.3. Let ),(: 111 µσG  be a strong and regular fuzzy graph with 21 µσ ≤ , 1σ be 

a constant function with 11 )( cu =σ  for all 1Vu∈  and let ),(: 222 µσG  be a fuzzy graph 

on regular crisp graph ),(: 222 EVG∗ . Then 21 GG • is an edge regular fuzzy graph. 

Proof: Let ,)(,)( 21 *
21

nudmud
GG == 11 Vu ∈∀ and 22 Vu ∈ , where nm& are constants. 

Since 1G is strong fuzzy graph and 1σ  is a constant function, 1µ  is a constant function.  

Using theorem 4.2.2, ),(: 111 µσG is edge regular.  

Let 11111 ,)(
1

EvukvudG ∈∀= , where k  is a constant. 

By theorem 3.1.1.2, for any Evvuu ∈),)(,( 2121 , when 22211 , Evuvu ∈= ,  

)),)(,(( 212121
vuuud GG • = 11122 4))()(2)()((

1
*
2

*
2

cudcvdud GGG
−+++ = 11 4))(2( cmcnn −+++  

= 11 4))(1(2 cmcn −++ = 111 42222 cmcnmnc −+++ = )(2)(2 11 cmcmn −++  

Similarly, when 22111 , vuEvu =∈ and 222111 , EvuEvu ∈∈ , 

)),)(,(( 212121
uvuud GG • = )),)(,(( 212121

vvuud GG • = )(2)(2 11 cmcmn −++  

Hence 21 GG • is an edge regular fuzzy graph. 
 
7. Conclusion 
In this paper, we have found the degree of edges in 21 GG ∧  and 21 GG •  in terms of the 
degree of vertices and edges in G1 and G2 and also in terms of the degree of vertices in 

∗
1G and ∗

2G  under some conditions. They will we more helpful especially when the 
graphs are very large. Also they will be useful in studying various conditions, properties 
of tensor product and normal product of two fuzzy graphs. 
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