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Abstract 

In this paper, boundary nodes are easily found with the help of ,  and  strong nodes 

from fuzzy vertex order colouring. Some of the properties are discussed. 

1. Introduction 

The concepts of boundary nodes and interior nodes using sum distance 

are introduced by Tom and Sunitha [6]. The fuzzy vertex order colouring 

using  ,  and -strong nodes are introduced by A. Nagoor Gani and B. 

Fathima Kani [7]. In this paper we connect these three  ,  and -strong 

nodes to boundary nodes. In Section 2 we discussed the basic definitions. 

Definitions of Boundary nodes, eccentricity nodes, fuzzy radius and fuzzy 

diameter are given in section 3 and also properties related to boundary nodes 

and  ,  and  strong nodes are also discussed. 

2. Basic Definitions 

A fuzzy graph   ,:G  is said to be complete fuzzy graph if 

     vuvu  ,  for all ., Vvu   Let  EVG ,:
  be a graph. Length of 

vu   path P as the sum of the weights of the arcs in 

     
n

i ii uuPLP
1 1 .,,  The sum distance between u and v denoted by 
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       vudiPPPLvud siis ,.,2,1,:min,   is a metric on V. A node 

v is strictly -strong if      ., vAuudvd   A -strong node is strict 

always. A -strong vertex is strong as well as weak. 

3. Relation among Boundary Nodes and  ,  and  Strong Vertices 

Definition 3.1 [6]. A boundary node in a connected fuzzy graph satisfies 

   wudvud ss ,,   for each neighbour w of v. Collection of all boundary nodes 

denoted by .
b

u  

Example 3.2. Here         .3.1,7.1,9.0,5.1  xdwdvdud  

            .,,, xvVWuVwVS    In example 3.2   ,xu
b

    ,xv
b

  

    .,, vxxvw
bb

  The boundary nodes of G are   ., xv  

 

Property 3.3. In a fuzzy-graph all -,  strong nodes are the boundary 

nodes. 

Proof. If ,
b

ux   (i.e.)   ,xu
b

  then    wudxud ss ,,   for each 

neighbour w of x. That is     .,, xAudxud ss   A vertex is a weak or -

strong vertex if       .xAxxAdxd   Combining these two equations we 

get          xAudxudxdxAd isis ,,   or       xdxudxAd is  ,  

  xAud is ,  for every vertices .Vu i   We know that if a node v is -strong 

if       .vAdvdVv   It is clear that       vudvAdvd is ,  

  ., vAud is  Thus -strong nodes are also serve as a boundary nodes. 

Example 3.4. Consider fuzzy graph G. Here     ,,, xuvxu
bb

  

      .,,,,, xuyyuxxuw
bbb

  Boundary nodes of G are   .,, yxu  
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Here               ,,0.1,2.2,8.1,0.2,4.1 xVSydxdwdvdud     

        .,,, yuVWwvV    

 

Thus we clear that -strong node  x  and -strong nodes  yu ,  are 

boundary nodes. 

Definition 3.5 [5]. The fuzzy eccentricity of a vertex u is 

   .,max vudue s
Vv

w


  

Definition 3.6 [5]. The min of the fuzzy eccentricities of all vertices is the 

fuzzy radius say,    .min ueG w
Vu

s


  

Definition 3.7 [5]. The max of the fuzzy eccentricities of all the vertices 

is called the fuzzy diameter say,    .max ueGd w
Vu

s


  

Property 3.8. In a fuzzy-graph -strong node is a fuzzy radius and -

strong nodes are fuzzy diameter of a fuzzy graph. 

Proof. Property 3.3 states that, fuzzy graph G have boundary nodes 

which are  and -strong nodes. Thus the sum distance of -strong nodes are 

greater than or equal to its sum distance of their neighbours. We know that 

fuzzy diameter is the max of all eccentricities. Thus -strong nodes are fuzzy 

diameter. Only -strong nodes have the min eccentricity. Hence -strong 

nodes are fuzzy radius. 

Example 3.9. Here         .8.1,1.1,7.1,2.1  xdwdvdu  

            .,,, wuVWvVxVS    
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In this example         .,,,, uxuwxwvwu
bbbb

  Hence the 

boundary nodes of G are   .,, wxu  It is clear that -strong node and -strong 

nodes are the boundary nodes of G. 

Here       .7.0,1.1,6.0,1.1  wwww eweveue  

We know that       .6.0min 


veueG ww
Vu

s  Thus -strong node ‘v’ is 

fuzzy radius. And         .1.1max 


ueueueGd www
Vu

s  Hence -strong 

nodes are fuzzy diameter of G. 

Property 3.10. Let G be a fuzzy graph and its underlying crisp graph is 

complete. Then -strong and -strong nodes are the boundary nodes.  

Example 3.11. Here         .9.1,8.1,5.1,0.2  xdwdvdud  

            .,,, vVWwxVuVS    In this example 3.11,   ,wu
b

  

      .,, uxuwxv
bbb
  Hence the boundary nodes are   .,, wxu  It is 

clear that Then -strong and -strong nodes are the boundary nodes. 

 

Property 3.12. Let G be a fuzzy-graph with its underlying crisp graph is 

complete. -strong nodes are the fuzzy radius and -strong and -strong 

nodes are the fuzzy diameter. 

In example 3.11         .7.0,8.0,6.0,8.0  xeweveue wwww  
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We know that       .6.0min 


veueG ww
Vu

s  Thus -strong node ‘v’ is 

fuzzy radius. And        .max weueueGd www
Vu

s 


 Hence -strong and    

-strong nodes are fuzzy diameter of G. 

Property 3.13. If a fuzzy-graph G have more than one -strong nodes 

then the highest degree -strong node is fuzzy radius. 

Example 3.14. Here       ,4.1,6.1,8.0,4.1  xewevee wwww  

  .6.1yew  The vertex ‘v’ has the min fuzzy eccentricity. Thus the fuzzy 

radius is ’v’, (i.e.) -strong node. But in this example we have two -strong 

nodes, say   ., vw  Degree of these nodes are     .0.2,8.1  vdwd  Thus the 

highest degree node belong to fuzzy radius. 

 

4. Conclusion 

The graphs without vertices are meaningless. In the similar way in a 

fuzzy graph nodes are the most important for finding many applications in 

more areas like networking. Finding the nodes on the network boundary is 

the need for correct operation in wireless applications. Focusing on these 

applications a research under boundary nodes in a fuzzy graph are carried 

out. But finding boundary nodes in small order fuzzy graphs is very tedious 

way. For simplifying this process of finding boundary nodes, we can use the 

three strong nodes -strong and -strong, -strong. We can find these three 

nodes very easily as per the definitions. It is observed and verified that - 

strong and -strong nodes are served as a boundary nodes. But if we consider 

a fuzzy graph G with its underlying crisp graph is complete then -strong and 

-strong nodes are served as a boundary nodes. 
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