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ABSTRACT: This study focuses on algorithm for finding the max radial number of a graph using Dijkstra algorithm
in Java. Let G(V(G), E(G)) be a simple connected graph. For any set S € V, the S-radial set, Bg(S), is defined as the set
of vertices u € V\S which are at a radial distance from some vertex v € S. The Max-radial number of G is defined as
MBR(S)| — |S|} and it is denoted by 0x(G). The subset S of V for which |Bg(S)| — |S| = dr(G) is called a dg-set.
In this paper, the successful implementation of algorithm in Java for finding the max radial number on two person zero
sum game theory is a good point. Also, we determine the max radial number of some special graphs by using this
algorithm.
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I. INTRODUCTION

In this paper, we consider only connected, simple, undirected and finite graphs. For basic notations and terminology,
one can refer in [7]. Let u,v be any two vertices of G. The distance, d(u,v) between u and v, is the length of the
shortest (u, v)-path in G. For any vertex u € V(G), the eccentricity, e(u), of u is the distance of a vertex farthest from u.
That is, e(u) = max {d(u,v}:v € V(G)}. The radius of G is the minimum eccentricity of the graph and is denoted by
rad(G). The diameter of G is the maximum eccentricity of G and is denoted by diam(G). For further reference on
distance in graphs, one can refer [6]. In [3], we have discussed about an application of the max-radial number of graphs
in game theory. For any subset S of vertex set V, the S-radial set, Bg(S), is defined as the set of vertices u € V\S which
are at a distance of rad(G) from any vertex v € S. The Max-radial number of G is defined as dx(G) =
MEBR(S)| — [S|}. We know that for any graph G, dg(G) lies between 0 and n — 2. Max-Radial number of special
classes of graphs has been discussed in [2]. Consider the graph G as shown in figure 1.1.

V1 LY V3 Vy Vs
[ L
Vs
Figure 1.1
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Here rad(G) = 2, S = {v,,v3} is a dg-set of G and Bgr(S) = {v,, Ve, V4,Vs}. The max radial number, dg(G) =
IBR(S)| — |S| = 4 — 2 = 2 (verified this value by using algorithm 2.1).

Getting inspired by the concept of the shortest path between two points algorithm in Java [5], the study on algorithm for
finding the max-radial number of a graph has been initiated.

In this paper, the successfully obtain an algorithm in Java for finding the max radial number on two person zero sum
game theory. Also, we verified the max radial parameter for some special graphs by using this algorithm.

II. MAIN RESULTS

The following algorithm to gives the coding in java for finding the max radial number of a given graph G with vertex
set of order V as mentioned earlier.

2.1 Algorithm
Start

Step1 Let G must be connected, continue. Otherwise goto Step 10.

Step 2 Check whether V > 2, if yes, continue. Otherwise goto Step 10. For i,j from 0 to V — 1, initialize a VX V
adjMatrix[i][j].

Step 3 For each i,j from o to V — 1, Read adjMatrix [i][j] and its convert to distance Matix[i][j], goto next Step 4
continue.

Step 4 Initialize array Eccentricity of size V and calculate Eccentricity of each v from distance matrix, goto Step 5.
Step 5 Determine the radius R by assign a value of min(eccentricities) to a set R.

Step 6 Check whether all subsets of vertices except null set ¢, if yes, continue. Otherwise goto Step 10.

Step 7 Calculate R-Boundary set, For v in subset S and u from 0 to V — 1, if u + 1 is not in S and distance Matrix[V —
1][u] == R, Add u + 1 to R-Boundary set. Return boundary.

Step 8 Display “ The Max-Radial Number of the sets == difference”, if difference = boundary.size()—S.size().

Step 9 Display “ The Max-Radial Number of a graph G is MaxDifference” if difference > MaxDifference and
MaxDifference subset S is not null, goto End. Otherwise goto Step 6.

Step 10 The Max-Radial Number of G is not exists.

End.

2.2 Java-Code for computing the max radial number of a graph
import java.util.ArrayList;

import java.util. Arrays;

import java.util.HashSet;

import java.util.List;

import java.util.Scanner;

import java.util.Set;

public class The Max_ Radial Number of a Graph

{

public static void main(String[] args)

{
Scanner scanner = new Scanner(System.in);
/I Read vertices count from the user
System.out.print("\nEnter the Number of Vertices: ");
int vertices = scanner.nextInt();
// Read adjacency matrix from the user
int[][] adjMatrix = new int[vertices][vertices];
System.out.println("\nEnter the Adjacency Matrix:");
for (int i = 0; i < vertices; i++)
{

for (int j = 0; j < vertices; j++)
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adjMatrix[1][j] = scanner.nextInt();

}

System.out.println("\n******************************************************************************
***");
/I Compute the distance matrix
int[][] distMatrix = computeDistanceMatrix(adjMatrix);
// Print the distance matrix
System.out.println("\nDistance Matrix:");
System.out.println(" \n");
for (int i = 0; 1 < vertices; i++)
{
for (int j = 0; j < vertices; j++)
{
System.out.print(distMatrix[i][j]+ " ");
}
System.out.println();
}
int[] eccentricities = new int[vertices];
for (int i = 0; 1 < vertices; i++)
{
eccentricities[i] = calculateEccentricity(distMatrix, 1);

}

System out println("\n******************************************************************************
seskskmy.
);

System.out.println("\nEccentricities of Vertices:");

System.out.println(" \n");
for (int i = 0; 1 < vertices; i++)
{
System.out.println("Eccentricity of Vertex " + (1 + 1) + " is: " + eccentricities[i]);
i

int radius = Arrays.stream(eccentricities).min().orElse(Integer. MAX VALUE);

System out println("\n******************************************************************************
seskskny.
);

System.out.printIn("\nRadius of the Graph is: " + radius);

System‘out.println("\n******************************************************************************
kI,

List<List<Integer>> subsets = findAllSubsets(vertices);

int maxDifference = Integer. MIN VALUE;

List<Integer> maxDifferenceSubset = null;

System.out.println("\n The Max-Radial Number of Subsets are:");

System.out.println(" \n");
for (int i = 1; i <= vertices; i++)
{

System.out.println("\n" + i + "-Element Subsets:\n");
for (List<Integer> subset : subsets)
{
if (subset.size() == 1)
{
List<Integer> boundary = findBoundaryWithRadius(distMatrix, subset, radius);
int difference = boundary.size() - subset.size();
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String differenceString = String.format("%4d", difference);
System.out.printf("Subset: %-8s -> R-Boundary: %-15s ----------- > %-3s -
boundary.size(), subset.size(), differenceString);
if (difference > maxDifference)
{
maxDifference = difference;
maxDifferenceSubset = subset;
H
H
B

%-5s = %s\n", subset, boundary,

if (maxDifferenceSubset != null)

{

System out println("\n******************************************************************************
***").
s

System.out.println("\nThe Max-Radial Number of a Graph G is =" + maxDifference);

System.out.println(""\n# skttt ook ook
k11

)

else

{

System.out.println("\nNo subset found.");
H

scanner.close();

H
public static int[][] computeDistanceMatrix(int[][] adjMatrix)
{

int vertices = adjMatrix.length;

int[][] distMatrix = new int[vertices][vertices];

// Initialize the distance matrix

for (int i = 0; 1 < vertices; i++)

for (int j = 0; j < vertices; j++)
if (i =)
distMatrix[i][j] = 0;
ilse if (adjMatrix[i][j] != 0)

distMatrix[i][j] = adjMatrix[i][j];
H

else

distMatrix[i][j] = Integer. MAX VALUE / 2;
// Use a large value to represent infinity
H
i

H

/I Apply Floyd-Warshall algorithm to compute shortest paths
for (int k = 0; k < vertices; k++)

{

for (int i = 0; 1 < vertices; i++)
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{

for (int j = 0; j < vertices; j++)
if (distMatrix[i][j] > distMatrix[i][k] + distMatrix[k][j])

distMatrix[i][j] = distMatrix[i][k] + distMatrix[k][j];
H
H
¥
H

return distMatrix;

}

public static int calculateEccentricity(int[][] distMatrix, int vertex)
{

int maxDistance = 0;

for (int i = 0; 1 < distMatrix.length; i++)

{

if (i != vertex && distMatrix[vertex][i] > maxDistance)

{

maxDistance = distMatrix[vertex][i];
}

}

return maxDistance;

}

public static List<List<Integer>> find AllSubsets(int vertices)
{

List<List<Integer>> subsets = new ArrayList<>();

int[] set = new int[vertices];

for (int i = 0; 1 < vertices; i++)

{

set[i]=1+1;

}

generateSubsets(set, 0, new ArrayList<>(), subsets);

return subsets;

H

public static void generateSubsets(int[] set, int index, List<Integer> current, List<List<Integer>> subsets)

{
if (index == set.length)

subsets.add(new ArrayList<>(current));
return;

current.add(set[index]);

generateSubsets(set, index + 1, current, subsets);
current.remove(current.size() - 1);
generateSubsets(set, index + 1, current, subsets);

H

public static List<Integer> findBoundaryWithRadius(int[][] distMatrix, List<Integer> subset, int radius)

{

Set<Integer> boundary = new HashSet<>();
for (int vertex : subset)

{

vertex--;
for (int i = 0; i < distMatrix.length; i++)
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if (!subset.contains(i + 1) && distMatrix[vertex][i] == radius)

boundary.add(i + 1);
H
}
H
return new ArrayList<>(boundary);
H
H

III. OUTPUT

Manual Calculation:
The following output can be easily verified from the definition of the Max-Radial number of a given graph G as shown
Figure 1.2 and also verified by using this algorithm.

@ @ L o—©
V1 V2 U3 Vy Vs
Figure 1.2

Here rad (G) = 2, {v3} is a dg-set of G. Therefore, Bx(S) = {v,,vs}. The max radial number, dz(G) = |Bg(S)| —
|S| = 2 — 1 = 1 (Manual verification).

Program Output:

Co~Users~Dr Mathan>cd documents

Mathan~Documents > javac The_ Max_ Radial_ MHumber»_ _of _a_ Graph.- java
C-~Users~-Dr Mathan~Documents>java The_Max_ Radial HMwumber»_ _of_a Gyxraph
Entex» the HMHumber» of Uertices:z 5O

Enterx» the Adjacency Matzx»ix=s
n 1 8 8 a

Eccent»icity Uertex
Eccenty»icity Uertex
Eccentxicity Uertex
Eccentzxic ity Uertex
Eccentrx»icity Uertex

sEEEeE

Radius of the Graph is=s

S

The Max—Radial MNHumber» of Subsets are:

1 —Element Subsets:s

Sl_lhseté Ci1 —>» R—Boundazxy= L1

Eubset= [21 —> R—Boundarws [4]
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R—Boundax»y:=:
R—Boundax»y:=

R—Boundax»y:=

21 R—Boundary:
31 R—Boundary:
L | R—Boundaxy:=
51 R—Boundaxy:=
31 R—Boundarry =
=41 R—Boundarry =
L | R—Boundax»y:=
41 R—Boundary:
L | R—Boundaxyry:=
L= | R—Boundary:

MoRE W NG WRNREN
Mok ON NN N NNDNDN

3]
]

31 —> R—Boundary:
41 —> R—Boundam»ry:

"

51 —> R—Bounda»ry:

L

41 —>» R—Boundary:
51 —» R—Boundaruy:
51 —>» R—Bounda»ry:
41 —2» R—Bounda»uy:
51 —>»> R—Bounda»uy:
51 —>» R—Bounda»uy:
51 —> R—Boundary:

L

L

L L

L
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2
3
3
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“M—Element Subsets:

Subset:z [1. 2. 3. 4]

d-Elomont Subsots!

fubset: [1, 2. 3, 4] Boundary:
Siuheats H-: 2. 3. 5] Boundary:
hubaet: 1I_'.:I 2: 4; 51 Houwndary:
BubsatI II;.i 3. 4. 5] Roundary:
nubhasat: '|..-": J. %; b Houndary:

L=Elament Subzotp®

nubzat: (1. 2. 3. 4. 5] # H—Boindariygs L[]
[ T
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The Max-Radial Mumbor of a Geraph G i= i
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The max-radial number of the following special graphs are verified by using an algorithm.

Z
e

G 0x(6)
Bull graph

Truncated Tetrahedran
Franklingraph

The Herschel graph
The Golomb graph
Goldner-Harary graph
The Bidiakiscube
Moser Spindle

The Frucht graph

The Wagner graph
The Grotzch graph
Durer graph

Heawood graph

The diamond graph
The Butterfly graph
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