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ABSTRACT 

 

This paper presents a novel approach for construction of network through graph theory. Here we studied r – distance Graph for the 

connected graph G.  We get some beautiful connected and disconnected networks under r – distance graphs of paths and cycles.  Also we 
define (p, q) – distance graph, to construct classical network representation. Also this leads new networks and new results on cycles and 

paths under (p, q) – distance graph. 
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INTRODUCTION 
 

 For the last few decades, research in graph 

theory is rapidly increasing due to its many 

application in the allied fields like computer science, 

chemistry, sociology and design theory etc. 

Structures that can be evolved by graphs are 

ubiquitous and lead to many problems of practical 

interest. For instance, the famous Konigsberg bridge 

problem solved by Euler in 1736, leads to the 

practical problem of road networking across a river. 

This is in fact, the first formal result in graph theory. 

Thus graph is a powerful and versatile tool with 

applications.  

 A computer network is a system whose 

components are autonomous computer and other 

devices that are connected together by physical 

communication links to transmit information 

according to some pattern. The power of a system is 

highly dependent upon the connection pattern of the 

components. A connection pattern is called an 

interconnection network or network for short, of the 

system. An interconnection network provides all 

logically a specific way in which components of the 

system are connected. An interconnection network 

can be modeled by a simple graph, where each vertex 

represents a component of the network and an edge 

represents a communication link between the 

components. An edge incident on two vertices 

specifies the way components of a network are 

interconnected by links. Such a graph is called the 

topological structure of the interconnection network. 

The design of interconnection network through 

which the processors communicate is the most 

difficult technical problem in constructing a super 

computer also. 

 In a resource sharing network, we need some 

components to hold the resources such that other 

components can share the resources. Finding out the 

minimum number of components with resources is 

the problem of finding the minimum dominating sets. 

The concept of connected dominating set is used in 

an ad hoc wireless network for sending a message 

from one mobile host to another. An ad hoc wireless 

network is a special type of wireless mobile network 

in which a collection of mobile hosts may form a 

temporary network, without the aid of any 

established infrastructure or centralized 
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administration. The network is dynamically self-

organizing and self-configuring. Concepts from 

domination also appear in problem involving finding 

sets of representatives, in facility location, and in 

land surveying.  

 

Complement of Connected Graph through Distance 

Graph: 

Introduction: 

 In this chapter we study r – distance Graph for 

the connected graph G.  We get some beautiful 

graphs under r – distance graph for paths and cycles.  

Also we define (p, q) – distance graph.  We get new 

results under r - distance network for cycles and 

paths and new results under (p, q) – distance network 

through cycles and paths. 

Definition (p, q) - distance graph 

Let G = (V, E) be a connected graph.  A graph G’ is 

a (p, q) distance graph of G, if V(G’) = V(G); for u, v 

ϵ V and u and v are adjacent in G’ if d(u, v) = either 

p or q. 

Definition (i1,i2, …,ik) – distance graph of G 

The (i1, i2, …,ik)– distance graph of G = (V, E) is a 

connected graph on V, such that for any u, v ϵ V, uv 

is an edge if, and only if, d(u, v) = ir , for some r, 1 ≤ 

r ≤ k. 

Example-  

Consider P8 

 
 

2 – distance network of P8 is as follows 

 
 

3 – distance network of P8 is as follows 

 
 

(2 , 3 ) –distance network of P8 is as follows 

 
Complement of a graph G 

 Let G = (V, E) be a connected graph with the 

diameter d(G) = d and the complement graph of G is 

nothing but (2, 3, 4, …, d) – distance graph of G. 

Example- Let G1 be the given graph 

 

                        

G1 = 

(2, 3) –distance network of G1 is as follows 

 
 

Here we observe that the (2, 3) - distance graph of G1 

is isomorphic to the complement network of G1 and 

here diameter of the graph G1 = 3. 

1) Example- Consider C6, 

 
 

(2, 3) –distance network of C6 is drawn below, and 

we know that d (C6) = 3 

 
 

2) Example- Consider P4, d (P4) = 3. 

  

               P4 =    

(2, 3) -distance network of P4 

 
 

Complement network of P4 is as follows 

 
 

 Therefore we observe, (2, 3) – distance network 

of P4 is isomorphic to its complement network and P4 

is a self-complementary network. 

Example- Consider C11,  2-distance graph of C11 is 

C11 

 
Example- Consider C5 , 2-distance network of C5 is 

isomorphic to C5, 

 
Theorem 

Let G = (V, E) be a connected network with 

diameter d(G) = d. Then (2, 3, 4, …, d) – distance 

network of G is always G  

Proof 
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 In the (2, 3, 4, …, d) – distance network, a 

vertex u is adjacent to all those vertices which are not 

adjacent to u in G.  Hence the resulting network is 

complement of G. 

 

Study of Cycles Through Distance Graphs: 

Proposition: 

Consider Cn [Cycle with n Vertices].  Then the 2-

distance network of Cn is Cn only if n is even. 

Proof 

If n is an odd number, then 2-distance network will 

be isomorphic to Cn [Cycle with n Vertices]. 

If n is an even number , then 2-distance network is a 

disconnected network having two components, one 

containing odd labeled nodes, the other one 

containing even labeled nodes. 

Example- Consider C11 [Cycle with 11 Vertices] 

2-distance network of C11 is C11 as follows 

 
Example 

Consider C8 [Cycle with 8 Vertices] 

2-distance network for C8 is as follows 

 
Here two components will appear. 

a) Remark- 2-distance network of connected 

network need not be connected. [From Example 3] 

b) Result- Let Cn be a Cycle of length n, n odd.  

The 3-distance network of Cn is Cn , if 3 is relatively 

prime to n & d(Cn) ≥ 3. 

c) Example- In C8 [Cycle with 8 Vertices] 

 
3-distance network of C8 is as follows 

 
is isomorphic to C8. But in the case of C6 [Cycle with 

6 vertices] 

 
3-distance network is not C6, since 6 is not relatively 

prime to 3. 

Example 

Consider Cn [Cycle with n vertices] and draw 5-

distance network of Cn is Cn only when 5 is relatively 

prime to n & here d(Cn) ≥ 5. 

a) Result- For any Cn [Cycle with n vertices], if n is 

relatively prime to m, then m-distance network is 

isomorphic to Cn where d(Cn) ≥m and m< n.  

 

Study of (1,2)–Distance Network and (1, 2) – 

Distance Bi-Partite Network: 

Introduction: 

 Here we define (1, 3) – distance Graph and (1, 3) 

– distance Coloring for the connected network G.  

We get some beautiful networks under (1, 3) – 

distance Bi-partite network for Linear and Closed 

networks.  Also we get new results under (1, 3) – 

distance Bi-partite network for Linear and Closed 

networks. 

Example- Consider Cn [Cycle with n nodes] 

(1, 2) –distance network of C5 is as follows 

 
In particular (1, 2) -distance network of C4 is same as 

K4 

(1, 2) –distance network of C4 is as follows: 

 

 
Definition (1, 2) – distance Bi-partite 

 A connected network G = (V, E) is said to be (1, 

2)-distance Bi-partite if V can be partitioned into two 

sets V1& V2 such that V1 is 1-independent and V2is 

2-independent. 

 Equivalently, G is (1, 2) – distance Bi-partite, if 

the vertices in G can be colored using two colors say 

c1 and c2 such that the set of vertices colored c1 is 1-

independent and set of vertices colored c2 is 2-

independent. 

Example- Consider the following network G (with 

diameter 2).  It is not (1, 2) – distance Bi-partite. 

 
 If a1 is colored c1 (color 1) then to make the set 1 

– independent, we can color only a5 or a6 with color 1 

and no other vertex can be given the color 1.  The 

remaining set is not 2 – independent as it has a3 and 

a5.  Therefore G is not (1, 2) – distance Bi-partite 

network. 

Example- Petersen network is not (1, 2) – distance 

Bi-partite. 



4                                             K. Thiagarajan et al, 2015 /Journal Of Applied Sciences Research 11(14), September, Pages: 1-5 

 
 We can give c1 (color 1) to the vertex a1 and then 

we cannot give c1 to vertices a5, a7 and a2, if we give 

c2 (color 2) to any one of these vertices say a2 others 

cannot be given either c2 or c1.  Hence the graph is 

not (1, 2) – distance Bi-Partite network. 

 Example- Consider the following network G 

(with Diameter 3) 

 
 We can give c1 (color 1) to the vertex a1 , a3 , a6 

and a8 , we cannot give c1 to vertices a2 , a4 , a5 , a7 , 

a9 and a10 , if we give c2 (color 2) to any one of these 

vertices say a2 , others cannot be given either c2 or c1.  

Therefore G is not (1, 2) – distance Bi-partite 

network. 

Theorem 

Linear Network Pn is not (1, 2) – distance Bi-Partite 

network. (Note: Pn denotes path with n nodes) 

Proof 

 Consider any node from the given path, namely 

vi.  Now according to the definition of coloring under 

(1, 2) – distance coloring, we can give color 1 to vi , 

and we cannot give color 1 to vi+1 and vi-1 , and if we 

give color 2 to vi-1 , color 2 cannot be given to vi+1 as 

it is at a distance 2 from vi+1 .  This completes the 

proof. 

The following figure illustrates the above theorem, 

 
Theorem- Closed network Cn is not (1, 2) – distance 

Bi-Partite network. 

Proof 

 Consider any vertex from the given cycle, 

(namely vi).  Now according to the definition of (1, 

2) – distance coloring, we can give color 1 to vi , and 

we cannot give color 1 to vi+1 and vi-1 , and if we give 

color 2 to vi+1 , color 2 cannot be given to vi-1 as it is 

at distance 2 from vi+1.  This completes the proof. 

The following figure illustrates the above theorem, 

 
 

Study of (1, 3) – Distance Graphs and (1, 3) – 

Distance Bi-Partite Network: 

Introduction: 

 Here we define (1, 3) – distance network and (1, 

3) – distance Coloring for the connected network G.  

We get some beautiful networks under (1, 3) – 

distance Bi-partite network for Linear and Closed 

networks.  Also we get new results under (1, 3) – 

distance Bi-partite network for Linear and Closed 

networks. 

Definition(1, 3) – distance graph 

Let G = (V, E) be a connected graph.  A graph G’ is 

a (1, 3) – distance graph of G, if V(G’) = V(G); for u 

, v∈ V and u & v are adjacent in G’ if d(u, v) = either 

1 or 3. 

Definition(1, 3) – distance Bi-Partite 

 A connected graph G = (V, E) is said to be (1, 3) 

– distance Bi-Partite network if V can be partitioned 

into two sets V1& V2 such that V1 is 1 – independent 

and V2 is 3 – independent. 

 Equivalently, G is (1, 3) – distance Bi-Partite 

network, if the vertices in G can be colored using two 

colors say c1 and c2 such that the set of vertices 

colored c1 is 1 – independent and set of vertices 

colored c2 is 3 – independent. 

Example- Consider C6, (1, 3) – distance network of 

C6 is as follows 

 
 Example- Petersen network is not (1, 3) – 

distance Bi-partite network from IV section example 

2. 

 We can give c1 (color 1) to the node a1 and we 

cannot give c1 to vertices a7, a9 and a10.  We can give 

c1 to vertices a2, a5.  If we give c2 (color 2) to any one 

of these vertices say a7 others cannot be given either 

c2 or c1.   

Petersen network is not (1, 3) – distance Bi-Partite 

network. 

Example- Consider the following network G (with 

Diameter 3) 
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 We can give c1 (color 1) to the node a1,a3 , a6 and 

a8 , we cannot give c1to nodes a2, a5 , a7, a9 and a10 .  

If we give c2 (color 2) to any one of these vertices 

say a2 , we cannot be given either c2 or c1. Hence the 

graph G is not (1, 3) – distance Bi-Partite network. 

 Theorem- Pn is not (1, 3) – distance Bi-Partite 

network. (Note: Pn denotes path with n vertices), 

where n is greater than 5. 

Proof 

 Consider any node from the given linear 

network, (namely vi).  We can give color 1 to vi ,  

and , we can give color 2 to vi+1 , vi+2 and vi+3 , and if 

we give color 1 to vi+4 , color 2 cannot be given to 

vi+5 as it is at a distance 3 from vi+2 , therefore we 

need a third color.  This completes the proof. 

 Theorem- Cn is not (1, 3) – distance Bi-partite 

network. Where n is greater than 4 

Proof 

 Consider any node from the given cycle, 

(namely vi).  We can give color 1 to vi , and we can 

give color 2 to vi+1 , vi+2 and vi+3 , and we cannot give 

either color 1 or color 2 to vi+4 , we need a third 

color. Therefore Cn is not (1,3) – distance Bi-partite 

network. 
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