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Abstract
In this paper, we newly define the notion of edge regular power fuzzy graph, based 

on the properties of edge regular fuzzy graph and power fuzzy graph (PFG). Totally edge 
regular power fuzzy graph is presented as a special case of edge regular power fuzzy graph. 
General formulas are derived to calculate the degree of edges for a total power fuzzy graph 
when it is edge regular and total degree of edges when it is totally edge regular. Further, this 
concept is applied in the encryption method to decipher data by authorised persons.
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1.  Introduction

The representation of uncertainty was introduced as fuzzy set by 
Lotfi Zadeh in 1965 [25]. This inspired Azriel Rosenfeld to develop the 
concept of fuzzy graph in 1975 [23]. Over the years, fuzzy graph theory 
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has developed widely, as in [1, 2, 9, 10, 15]. The notion power fuzzy graph 
(PFG) [5] and its regular properties on vertices [6] were introduced by 
Bharathi, T., et al. The edge regular fuzzy graph was introduced by Radha, 
K., et al. [18], and their properties on intuitionistic, bipolar, complement, 
and w -complement, planar, intuitionistic m-polar, q-rung picture of fuzzy 
graphs are studied as in [3, 11-13, 20-22]. This is the motivation for the 
study of the properties of edge regular PFGs.

Cryptography is the process of safeguarding the data or information 
from unauthorized persons by the methods of encryption and decryption. 
Since cyber-crimes are on the increase day by day, new cryptosystems are 
emerging and improving to resolve the issues. Interesting applications on 
cryptography are discussed on image security by Qaid, G.R.S., et al. [17], 
computer network security by Misra, S., et al. [14] data privacy by Pius, A., 
et al. [16], transaction of digital currency by Saxena, V., et al. [24], identifying 
man-in-the-middle attack by Durcheva, M., et al. [8] using fuzzy graph 
theory. Also a cryptographic modelling using operations on beta products 
of fuzzy graphs are given by Borzooei, R. A., et al. [7]. The objective of this 
paper is to give a novel algorithm of a cryptosystem developed as public 
key cryptography. The required basic definitions are given in section 2. 
The definitions of edge regular and totally edge regular PFGs are presented 
in section 3. In section 4, the results on edge regular power fuzzy graph are 
proved and in section 5, an application on cryptosystem is discussed.

2. Preliminaries	

Definition 1: [4] For any > 0,k  the k th power kG  of an undirected 
connected graph =G  ( , )V E  has ( )kV G = ( ),V G  where two vertices u 
and v are adjacent in kG  if and only if ( , )Gd u v  ≤  2.k G  and 3G  are called 
square and cube of G. 

Definition 2: [9] A fuzzy Graph fG = ( , , , )V E q w  corresponding to the 
crisp graph =G  ( , )V E  with a non-empty set V together with a pair 
of functions :Vq → [0,1]  and :V Vw × → [0,1]  such that for all ,u

,v V∈ ( , )u vw ≤ min{ ( ),uq ( )},vq  where ( )uq  and ( , )u vw  represent the 
membership values of the vertex u  and edge ( , )u v  in G  respectively. 

Definition 3: [19] Let fG = ( , , , )V E q w  be a fuzzy graph. The degree of 
an edge 1 2=e v v ∈ E  is defined as 

fGdeg 1 2( , )v v = 1( )
fGdeg v + 2( )

fGdeg v −
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1 22 ( , ).v vw  The total degree of an edge 1 2=e v v E∈  is defined as 
fGtdeg

1 2( , )v v =
fGdeg 1( )v +

fGdeg 2( )v − 1 2( , ).v vw  

Definition 4: [19] If each edge has the same degree k in ,fG  then fG  is 
said to be an edge regular fuzzy graph of degree k. If each edge has the 
same total degree k in ,fG  then fG  is said to be a totally edge regular 
fuzzy graph of degree k. 

Definition 5: [5] Let fG  be a fuzzy graph of G. Then the definition of power 
fuzzy graph ( )PFG  of fG  is k

fG = ( ,V ,kE ,q ),kw  where *= ,kE E E∪  for 
every independent vertices ,u v V∈  in fG  ∃  edges *uv E∈  such that 

(u, v) k≤  where   is the length between u and v and > 1k  provided 
( , )k u vw ∈ [min( ( ) ,kuq ( ) ),kvq 1min( ( ) ,kuq − 1( ) ).kvq −  

Definition 6: [5] The PFG k
fG  is called total power fuzzy graph = ( ,k

fT V

,kE ,q )kw  such that’ll vertices are adjacent to one another. The notation 
( )k

fe T  indicates the number of edges incident to a vertex in ,k
fT  also mk  

indicates the maximum k value. 

3. Edge Regular and Totally Edge Regular PFGs

Definition 7: A PFG k
fG  is p-edge regular if for any > 0,p  k

fG
deg ( , )i jv v

= ,p ( , )i jv v∀ ∈ .kE  

Example 8: Consider the PFGs 1
fG  and 2

fG  as in Figure 1a and Figure 1b. 
1

fG  is edge regular since
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Similarly, 2
fG  is edge regular since
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Figure 1
Edge regular power Fuzzy Graphs 1

fG  and 2
fG  

Definition 9: A PFG k
fG  is r-totally edge regular if for any > 0,r  k

fG
tdeg

( , )i jv v = ,r ( , )i jv v∀ ∈ .kE  

Example 10: Consider the PFGs 1
fG  and 2

fG  as in Figure 2a and Figure 
2b. 1

fG  is totally edge regular since
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Similarly, 2
fG  is totally edge regular since
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Figure 2
Totally edge regular power fuzzy graphs 1

fG  and 2
fG  

Definition 11: In a PFG ,k
fG  if there exist an edge regular power fuzzy 

graph pk
fG  for any particular pk  such that 1< pk k≥  then pk

fG  is called 
( , )pk p  - partly edge regular of .k

fG  

Definition 12: A PFG k
fG  is perfectly edge regular if k

fG  is both edge 
regular and totally edge regular. 

4. Results on Edge Regularity

Theorem 13: The PFG k
fG  is perfectly edge regular if edge membership function 

is constant and every vertex has same number of incident edges.

Proof: Consider a PFG k
fG  such that edge membership values ( , )k u vw

= m  such that min( ( ) ,kuq ( ) )kvq ≤ m ≤ 1min( ( ) ,kuq − 1( ) )kvq −  ( , )u v∀ ∈ .kE  
Suppose k

fG  is not edge regular (i.e.) k
fG

deg ( , )u v ≠ ,p  a constant ( , ).u v∀  
Consider any two edges 1 2( , )v v  and 3 4( , )v v  such that k

fG
deg 1 2( , )v v ≠

k
fG

deg 3 4( , ).v v  Let 1 2 3, ,e e e  and 4e  be the number of edges incident with 

1 2 3, ,v v v  and 4v  respectively. Then
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1 2 1 2 1 2

1 2 1 2

3 4 3 4 3 4

3 4 3 4

( , ) = ( ) ( ) 2 ( , ) (1)

( , ) = 2 (2)

( , ) = ( ) ( ) 2 ( , ) (3)

( , ) = 2 (4)

k k k
f f f

k
f

k k k
f f f

k
f

kG G G

G

kG G G

G

deg v v deg v deg v v v

deg v v e m e m m

deg v v deg v deg v v v

deg v v e m e m m

w

w

+ −

+ −

+ −

+ −

From equations 2 and 4 , we get 1 3e e≠  and 2 4 .e e≠  This contradicts 
the fact that in k

fG  every vertex has same number of incident edges. Hence 
k

fG  is edge regular. Similarly, k
fG  is totally edge regular. Therefore, k

fG  
is perfectly edge regular. 

Example 14: Consider the 5-cycle PFGs 1
fG = ( ,V 1 ,E ,q 1)w  and 2

fG =
( ,V 2 ,E ,q 2 )w  with 1w ( , )i jv v = 0.2, ( , )i jv v∀ ∈ 1E  and 2w ( , )i jv v = 0.4, ∈

2E  as in Figure 3a and 3b respectively. For all ,iv V∈  we have 1 ( )
f

iG
deg v

= 0.2 + 0.2 = 0.4  and 2 ( )
f

iG
deg v = 0.4 + 0.4 + 0.4 + 0.4 = 1.6.  Here 1

fG  
is perfectly edge regular since 1

fG
deg ( , )i jv v = 0.4 + 0.4 − 2(0.2) = 0.4  

and 1
fG

tdeg ( , )i jv v = 0.4 + 0.4 − 0.2 = 0.6, ( , )i jv v∀ ∈ 1.E  Similarly, 2
fG  is 

perfectly edge regular since 2
fG

deg ( , )i jv v = 1.6 + 1.6 − 2(0.4) = 2.4  and 

2
fG

tdeg ( , )i jv v = 1.6 + 1.6 − 0.4 = 2.8, ( , )i jv v∀ ∈ 2 .E

Figure 3
5-cycle perfectly edge regular power fuzzy graphs 1

fG  and 2
fG  

Corollary 15: The total PFG k
fT  is perfectly edge regular if edge membership 

function is constant.
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Proof: Consider a total PFG k
fT  such that edge membership values ( , )k u vw

= m  such that min( ( ) ,kuq ( ) )kvq ≤ m ≤ 1min( ( ) ,kuq − 1( ) )kvq −  ( , )u v∀ ∈ .kE  
Since k

fT  has the same number of incident edges with every vertex then 
by Theorem 4.1 k

fT  is perfectly edge regular.

Suppose k
fT  is not edge regular (i.e.) k

fT
deg ( , )u v ≠ ,p  a constant ( , ).u v∀  

Consider any two edges 1 2( , )v v  and 3 4( , )v v  such that k
fT

deg 1 2( , )v v ≠

k
fT

deg 3 4( , ).v v  Let 1 2 3, ,e e e  and 4e  be the number of edges incident with 

1 2 3, ,v v v  and 4v  respectively. Then

1 2 1 2 1 2

1 2 1 2

3 4 3 4 3 4

3 4 3 4

( , ) = ( ) ( ) 2 ( , ) (1)

( , ) = 2 (2)

( , ) = ( ) ( ) 2 ( , ) (3)

( , ) = 2 (4)

k k k
f f f

k
f

k k k
f f f

k
f

kT T T

T

kT T T

T

deg v v deg v deg v v v

deg v v e m e m m

deg v v deg v deg v v v

deg v v e m e m m

w

w

+ −

+ −

+ −

+ −

From equations 2 and 4 , we get 1 3e e≠  and 2 4 .e e≠  This contradicts 
the fact that k

fT  has same number of incident edges with every vertex. 
Hence k

fT  is edge regular. Similarly, k
fT  is totally edge regular. Therefore, 

k
fT  is perfectly edge regular. 

Corollary 16: Let = ( , , , )k
f k kT V E q w  be a total PFG. If

(i)	 k
fT  is edge regular, then k

fT
deg 1 2( , )v v = 2 ( 1),m e − 1 2( , )v v∀ ∈ kE

(ii)	�  k
fT  is totally edge regular, then k

fT
deg 1 2( , )v v = (2 1),m e − 1 2( , )v v∀ kE

Here, m represents the constant edge membership value, and e 
denotes the number of incident edges with a vertex in the total PFG .k

fT

Proof: Let m represents the edge membership value of every edge, and e 
denotes the number of incident edges with a vertex in ,k

fT  then degree of 
vertices 1v  and 2v  is k

fT
deg 1( )v =

1 2v v≠∑ kw 1 2( , )v v = ,em  and k
fT

deg 2( )v =

2 1v v≠∑ kw 1 2( , )v v = em respectively.

(i)	 If k
fT  is edge regular, then 

1 2 1 2 1 2( , ) = ( ) ( ) 2 ( , ) = 2 = 2 ( 1).k k k
f f f

kT T T
deg v v deg v deg v v v em em m m ew+ − + − −

(ii)	 If k
fT  is totally edge regular, then 
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1 2 1 2 1 2( , ) = ( ) ( ) ( , ) = = (2 1).k k k
f f f

kT T T
deg v v deg v deg v v v em em m m ew+ − + − −

Remark 17: For a p-edge regular PFG, the size equals 
4

ke p×  where ke  is the 
number of edges. 

Corollary 18: Any PFG with at least one end vertex can neither be edge regular 
nor totally edge regular.

Proof: Let 1
fG  be a PFG with more than two vertices and let 1v  be the end 

(pendant) vertex. Then 1
fG

deg 1( )v = 1w 1 2( , ).v v  Suppose 1
fG = ( ,V 1 ,E ,q

1)w  is edge regular, then 1
fG

deg ( , )i jv v =  1, ( , ) .i jp v v E∀ ∈
Let 1 2( , )v v  and 2 3( , )v v  be two edges incident at non-pendant vertex 

2v  such that 1 1 2( , ) =
fG

deg v v  1 2 3( , ),
fG

deg v v

1 1 1 11 2 1 1 2 2 3 1 2 3( ) ( ) 2 ( , ) = ( ) ( ) 2 ( , )
f f f fG G G G

deg v deg v v v deg v deg v v vw w⇒ + − + −

1 11 1 1 2 3 1 2 3( ) 2 ( , ) = ( ) 2 ( , )
f fG G

deg v v v deg v v vw w⇒ − −

1 1 11 3 1 2 3 1 1 1 2( ) = ( ) 2 ( , )( ( ) = ( , )).
f f fG G G

deg v deg v v v deg v v vw w⇒− − 

.

Since 1
fG

deg 3( )v > 1 2 3( , ),v vw  the right-side value is positive in the 
above equation. Hence 1

fG
deg 1 2( , )v v ≠ 1

fG
deg 2 3( , ).v v  Therefore 1

fG  is not 
edge regular. Similarly, 1

fG  is not totally edge regular. 

Proposition 19: A path PFG, 1
fG  is neither edge regular nor totally edge 

regular.

Proof: Any path PFG 1
fG  consists of pendant vertices at the end. Hence by 

Corollary 18, 1
fG  is neither edge regular nor totally edge regular. 

Theorem 20: Any PFG 1
fG  of a star graph nS  with n vertices such that internal 

vertex is u and iv  where = 1,i 2, , 1n −  are the other vertices, is perfectly edge 
regular if and only if the edge membership values 1w ( , )iu v = m  and 1

fG
deg ( )iv

= m  where = 1,i 2, , 1n −  and m is a constant.
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Proof: Consider PFG 1
fG  of a star graph nS  with u as internal vertex and iv  

as the other vertices where = 1,i 2, , 1.n −  Assume 1
fG  is edge regular, 

then 1
fG

deg ( , )iu v = p = 1
fG

deg ( )u + 1
fG

deg ( )iv − 12w ( , ),iu v iv∀  where p 
is a constant. Since u is the only vertex incident with other vertices ,iv 1w
( , )iu v = 1 ( ).

f
iG

deg v  Hence, we need to prove 1( , )iu vw  equals same value 
for = 1,i 2, , 1.n −  Suppose 1 1( , )u vw ≠ 1 2( , ),u vw  then 1

fG
deg 1( , )u v ≠

1
fG

deg 2( , ).u v  This contradicts the assumption.

Conversely, assume that 1( , )iu vw = 1
fG

deg ( )iv = m  where = 1,i 2,
, 1n −  and m  is a constant. To prove 1

fG
deg ( , )iu v = , ip v∀  where p  is 

any constant. Suppose 1
fG

deg 1( , )u v ≠ 1
fG

deg 2( , ),u v  then 1 ( )
fG

deg u +

1 1( )
fG

deg v − 12w 1( , )u v ≠ 1
fG

deg ( )u + 1
fG

deg 2( )v − 12w 2( , ).u v  This implies, 

1 1( , )u vw = 1
fG

deg 1( )v  and 1 2( , )u vw = 1
fG

deg 2( ).v  This contradicts the 
assumption. Similarly, this is true for totally edge regular. Hence the 
theorem. 

Example 21: Consider a PFG 1
fG  of a star graph 6S  in Figure 4 with ( )ivq

= 0.8  for = 1i  to 6,  1w ( , )i jv v = 0.8  for = 1i  to 5 and = 6.j  Then we have 
1

fG
deg ( )iv = 0.8  for = 1i  to 5 and 1

fG
deg 6( )v = 4.  Here 1

fG  is perfectly 
edge regular since 1

fG
deg 6( , )iv v = 0.8 + 4 − 2(0.8) = 3.2  and 1

fG
tdeg

6( , )iv v = 0.8 + 4 − 0.8 = 4,  ( , )i jv v∀ ∈ 1.E  

Figure 4
Perfectly edge regular PFG 1

fG  of a star graph 6S  

5. Application

Many applications such as messaging apps, banking apps, including 
password protected documents, cloud storage services, online purchases, 
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and virtual private networks use the combination of symmetric and 
asymmetric encryption. The security of the cryptosystem would depend 
on various factors, including the complexity of the graph structure, the 
distribution of fuzzy values, the condition to be edge regular and the 
effectiveness of encryption/decryption algorithms. An asymmetric 
encryption algorithm is newly derived such that the data is more securely 
decrypted.

5.1 Asymmetric algorithm with edge regular power fuzzy logic:

Step 1: Let power fuzzy graph k
fG = ( ,V ,kE ,q )kw  with n vertices and 

corresponding membership values ( )ivq  and ( , )k i jv vw  such that i jv v≠  
and < .mk k

Step 2: Generate a public key pk  such that k < pk ≥ ,mk  where pk
fG = ( ,V

,
pkE ,q )

pkw  is ( , )pk p  - partly edge regular.

Step 3: Let the server private/secret key be the ( ) .kp
f

i iG
deg v v V∀ ∈

Step 4: Encrypting the plain text, ( , ) =kp
f

i jG
deg v v p  of .pk

fG  The encrypted 
message generated is 4= .e psize ×

Step 5: Using encrypted message size =
1 2( , )v v V V∈ ×∑

pkw ( , ),i jv v  public key 
,pk  and secret key ( ),kp

f
iG

deg v  the plain text p  is decrypted. 

The diagram in Figure 5 illustrates the process of this asymmetric 
encryption.

Figure 5
Block diagram of asymmetric encryption 
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5.2 Illustration for the asymmetric algorithm

Step 1: Let 1
1 1= ( , , , )fG V E q w  be the PFG with membership values in the 

following Tables 1 and 2.
Table 1

Vertex membership values of 1
fG  

 Vertices  Membership values 

 1v   1( ) = 0.5vq  
2v   2( ) = 0.6vq  
3v   3( ) = 0.7vq  
4v   4( ) = 0.5vq  

Step 2: The public key is = 3,pk  such that PFG 3 = ( ,fG V 3 ,E ,q 3 )w  is 
partly edge regular with the vertex membership values in Table 1 and 
edge membership values in the following Table .

Table 2
Edge membership values of 1

fG  

Edge Interval Edge membership value 

 1 2( , )v v   [0,0.5]   1 1 2( , ) = 0.5v vw  
2 3( , )v v   [0,0.6]   1 2 3( , ) = 0.4v vw  
3 4( , )v v   [0,0.5]   1 3 4( , ) = 0.3v vw  

Table 3
Edge membership values of 3

fG  

Edge Interval Edge membership value 

 1 2( , )v v   [0.125,0.25]   3 1 2( , ) = 0.24v vw  

2 3( , )v v   [0.216,0.36]   3 2 3( , ) = 0.24v vw  

3 4( , )v v   [0.125,0.25]   3 3 4( , ) = 0.23v vw  

1 3( , )v v   [0.125,0.25]   3 1 3( , ) = 0.22v vw  

2 4( , )v v   [0.125,0.25]   3 2 4( , ) = 0.25v vw  

1 4( , )v v   [0.125,0.25]   3 1 4( , ) = 0.23v vw  
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Step 3: The private key ( ),kp
f

iG
deg v  iv V∀ ∈  is generated using the edge 

membership values from Table 3. 

1

2

3

4

( ) = 0.69

( ) = 0.73

( ) = 0.69

( ) = 0.71

f

f

f

f

G

G

G

G

deg v

deg v

deg v

deg v

Step 4: Using public key = 3pk  we get number of edges = 6,ke  and the 
plain text = 0.94p  the message 6 0.94

4= = 1.41size ×  is encrypted.

Step 5: Using private key ( ),kp
f

iG
deg v  public key = 3,pk  and the encrypted 

message size = 1.41 = 0.24 + 0.24 + 0.23 + 0.22 + 0.25 + 0.23,  we find 
3

fG
deg ( , )i jv v = 3

fG
deg ( )iv + 3

fG
deg ( )jv − 32w ( , ),i jv v ( , )i jv v∀ ∈ 3 .E  

Therefore, we get 3
fG

deg 1 2( , )v v = 3
fG

deg 2 3( , )v v = 3
fG

deg 3 4( , )v v =  3
fG

deg

1 3( , )v v = 3
fG

deg 2 4( , )v v = 3
fG

deg 1 4( , )v v = 0.94.  Hence the plain text is 
= 0.94.p

6. Conclusion

An edge regular PFG’s size is given using a standard formula. It is 
proved that the total power fuzzy graph is totally regular if the edge 
membership function is constant. Similarly, the PFG 1

fG  of a star graph is 
edge regular if and only if the edge membership function is constant. In 
this study a better key exchange system based on PFG is presented. This 
system uses the edge regular property of PFG to securely share the data or 
information. This study can be further extended to analyse irregular 
properties and adjacency sequences of PFGs.  

References

	 [1]	 M. Akram, “Bipolar fuzzy graphs,” Information Sciences, vol. 181, no. 
24, pp. 5548-5564 (2011). doi: 10.1016/j.ins.2011.07.037.

	 [2]	 M. Akram and W. A. Dudek, “Interval-valued fuzzy graphs,” Com-
puters & Mathematics with Applications, vol. 61, no. 2, pp. 289-299 
(2011). doi: 10.1016/j.camwa.2010.11.004.



CRYPTOGRAPHIC APPROACH ON FUZZY GRAPH� 957

	 [3]	 M. Akram, A. Habib, and A. N. A. Koam, “A novel description on 
edge-regular qrung picture fuzzy graphs with application,” Symme-
try, vol. 11, no. 4, p. 489 (2019). doi: 10.3390/sym11040489.

	 [4]	 R. Balakrishnan and K. Ranganathan, A Textbook of Graph Theory, 
Springer (2012).

	 [5]	 T. Bharathi, S. S. Paulin, and B. Davvaz, “A novel discussion on power 
fuzzy graphs and their application in decision making,” Journal of 
Applied Mathematics and Informatics, vol. 42, no. 1, pp. 123-137 (2024). 
doi: 10.14317/jami.2024.123.

	 [6]	 T. Bharathi, S. S. Paulin, and M. J. Sherlin, “On regular power fuzzy 
graph,” Journal of Applied Mathematics, Statistics and Informatics, vol. 
20, no. 2, pp. 5-18 (2024). doi: 10.2478/jamsi-2024-0011.

	 [7]	 R. A. Borzooei, B. S. Hoseini, and Y. B. Jun, “Beta products of fuzzy 
graphs with application in cryptography,” New Mathematics and 
Natural Computation, vol. 18, no. 1, pp. 177-194 (2022). doi: 10.1142/
S1793005722500107.

	 [8]	 M. Durcheva and M. Ivanova, “Cryptography based on fuzzy 
graphs,” in Intelligent and Fuzzy Systems, C. Kahraman, I. U. Sari, B. 
Oztaysi, S. Cebi, S. Cevik Onar, and A. C. Tolga, Eds. Springer, Cham, 
vol. 758, pp. 85-93 (2023). doi: 10.1007/978-3-031-39774-5_11.

	 [9]	 A. N. Gani and M. B. Ahamed, “Order and size in fuzzy graphs,” Bul-
letin of Pure and Applied Sciences, vol. 22, no. 1, pp. 145-148 (2003).

[10]	 A. N. Gani and K. Radha, “On regular fuzzy graphs,” Journal of Physi-
cal Sciences, vol. 12, pp. 33-40 (2008).

[11]	 S. P. Geetha and S. J. Praveena, “Distinct concept of edge regular in-
tuitionistic fuzzy m-polar graphs,” ScieXplore: International Journal of 
Research in Science, vol. 5, no. 1, pp. 11-18 (2018). doi: 10.15613/si-
jrs/2018/v5i1/188668.

[12]	 G. Ghorai and M. Pal, “A study on m-polar fuzzy planar graphs,” 
International Journal of Computing Science and Mathematics, vol. 7, no. 3, 
pp. 283-292 (2016). doi: 10.1504/IJCSM.2016.077854.

[13]	 M. Karunambigai, K. Palanivel, and S. Sivasankar, “Edge regular in-
tuitionistic fuzzy graph,” Advances in Fuzzy Sets and Systems, vol. 20, 
no. 1, pp. 25-46 (2015). doi: 10.17654/AFSSSep2015_025_046.

[14]	 S. Misra, M. S. Obaidat, A. Bagchi, R. Bhatt, and S. Ghosh, “At-
tack graph generation with infused fuzzy clustering,” in Proceed-
ings of the International Conference on Security and Cryptog-
raphy, vol. 1, pp. 92-98, SciTePress, SECRYPT, ICETE (2009). doi: 
10.5220/0002277000920098.



958� T. BHARATHI, S. S. PAULIN AND S. LEO

[15]	 R. Parvathi and M. G. Karunambigai, “Intuitionistic fuzzy graphs,” 
in Computational Intelligence, Theory and Applications, B. Reusch, 
Ed. Berlin, Heidelberg: Springer, vol. 38, pp. 139-150 (2006). doi: 
10.1007/3-540-34783-6_15.

[16]	 A. Pius and D. Kirubaharan, “Application of cryptography in data 
privacy using fuzzy graph theory,” Journal of Discrete Mathematical 
Sciences and Cryptography, vol. 24, no. 8, pp. 2389-2401 (2021). doi: 
10.1080/09720529.2021.2014146.

[17]	 G. R. Qaid, S. N. Talbar, and A. A. M. AL-Kubati, “Image security by 
using fuzzy graph,” Image, vol. 3, no. 12 (2014).

[18]	 K. Radha and N. Kumaravel, “The degree of an edge in cartesian 
product and composition of two fuzzy graphs,” International Jour-
nal of Applied Mathematics & Statistical Sciences, vol. 2, no. 2, pp. 65-78 
(2013).

[19]	 K. Radha and N. Kumaravel, “On edge regular fuzzy graphs,” In-
ternational Journal of Mathematical Archive, vol. 5, no. 9, pp. 100-112 
(2014).

[20]	 K. Radha and N. Kumaravel, “Some properties of edge regular fuzzy 
graphs,” Jamal Academic Research Journal, pp. 121-127 (2014).

[21]	 K. Radha and N. Kumaravel, “On edge regular bipolar fuzzy graphs,” 
Annals of Pure and Applied Mathematics, vol. 10, no. 2, pp. 129-139 
(2015).

[22]	 K. Radha and N. Kumaravel, “Edge regular property of complement 
and ω-complement of a fuzzy graph and edge adjacency sequence 
in fuzzy graph,” International Journal of Pure and Applied Mathematics, 
vol. 107, no. 3, pp. 673-682 (2016).

[23]	 A. Rosenfeld, “Fuzzy graphs,” in Fuzzy Sets and Their Applications 
to Cognitive and Decision Processes, L.A. Zadeh, K.-S. Fu, K. Tanaka, 
and M. Shimura, Eds. California: Academic Press, pp. 77-95 (1975). 
doi: 10.1016/B978-0-12-775260-0.50008-6.

[24]	 V. Saxena and P. Kumar, “Secure transaction of digital currency 
through fuzzy based cryptography,” Indian Journal of Science and 
Technology, vol. 16, no. 37, pp. 3148-3158 (2023). doi: 10.17485/IJST/
v16i37.1453.

[25]	 L. A. Zadeh, “Fuzzy sets,” Information and Control, vol. 8, no. 3, pp. 
338-353 (1965). doi: 10.1016/S0019-9958(65)90241-X.

		  Received July, 2024


