International Journal of Computer Applications (0975 — 8887)

Volume 78 — No0.8, September 2013

Maximum Degree Energy of Certain Mesh Derived
Networks

Rajesh Kanna M.R

Asst. Professor,
Postgraduate Department of Mathematics,
Maharani’s Science College for Women,

Mysore-570005.

Shashi R

Lecturer,
Department of Computer Science,
Yuvaraja’s College, Mysore-570005.

ABSTRACT

In this paper, we compute the maximum degree energy of
grid, cylinder, torus, extended grid networks using mat lab.
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1. INTRODUCTION

The concept of energy of a graph was introduced by I.
Gutman [6] in the year 1978. Let G be a graph with n
vertices {v1, v2,... ,vn} and m edges. Let A = (aij) be the
adjacency matrix of the graph. The eigenvalues A1, A2,...,
An of A, assumed in non increasing order, are the
eigenvalues of the graph G. As A is real symmetric, the
eigenvalues of G are real with sum equal to zero. The
energy E(G) of G, is defined to be the sum of the absolute
values of the eigenvalues of G.

EG) =14 ]

For details on the mathematical aspects of theory of graph
energy see the reviews [7], papers [4, 5, 9] and the
references cited there in. The basic properties including
various upper and lower bounds for energy of a graph have
been established in [11, 12] and it has found remarkable
chemical applications in the molecular orbital theory of
conjugated molecules [10, 8]. Further studies on minimum
covering energy, maximum degree energy, minimum
dominating energies can be found in [1, 2, 13] and the
references cited there in.

Prof. C. Adiga et al. [2] have defined maximum degree
energy of a graph in the year 2009. Recently Bharathi
Rajan et al. [3] calculated Laplacian energy of certain
mesh derived networks. Motivated by these papers we
computed maximum degree energy of certain mesh
derived networks. In this paper we are interested in
studying mathematical aspects of maximum degree energy
of a graph. The applications of maximum degree energy in
other branches of science have to be investigated. This
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may be of great relevance in studying structural properties
of these networks in a new angle.

2. MAXIMUM DEGREE ENERGY [2]

Let G be a simple graph with n vertices vy, vy, ..., v, and let
d; be the degree of v;, i = 1, 2, ..., n. Define,

d - max(di,dj) if v, and v; areadjacent,
" 0 otherwise.

Then the nxn matrix M (G) = [d;] is called the

maximum degree matrix of G. The characteristic
polynomial of the maximum degree matrix M (G) is
defined by
9(G; w) = det (ul —M(G))
=Mo" o Pt e,

where | is the unit matrix of order n. The roots s, o, ..., iy
assumed in non increasing order of ¢(G; x) = 0 are the
maximum degree eigenvalues of G. The maximum degree
energy of a graph G is defined as

Ey (G)zim |

Since M (G) is a real symmetric matrix with zero trace,
these maximum degree eigenvalues are real with sum
equal to zero.

3. MAXIMUM DEGREE ENERGY OF

n-2

SOME STANDARD GRAPHS
3.1Grid G (n, n)
V1 V'Z V3
»
V, Vs s
»
»
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Figure 1: Grid (3, 3)
The maximum degree adjacency matrix of 3x3 grid is
given by

B D O 0 30
A=|D C D |whereB={3 0 3],
O D B 0 30
0 4 0 3 00
c=|4 0 4|, p=|0 4 OJand
0 4 0 0O 0 3

O is the zero matrix of size 3x3.

In general the maximum degree adjacency matrix of
G (n, n) for N >3 can be written as

B DO . 00
C DO OO0
ODCDO .
. 0obcDOoO . . .
A= where
. ODCODO
00 ODCD
00 O DB
30 0
0 30 0
3 0 3 :
03030
B=
0 3
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0 4 0 .
4 0 4 0 .
04040
0 4040
C=
0 40 0
0 4 0 4
0 0
00 .
4 0 0 .
0 400 .
00400
D=
00400
0040
0 0 3

and O is the zero matrix of size n x n.

The following MATLAB program generates the maximum

degree energy of a Grid (n, n) for N > 3.

function energygrid(n)
A=zeros(n*n);
max=4;
fori=1:n*n-1
if(n==2)
A(i,i+1)=max-2;
A(i+1,i)=max-2;
else
A(i,i+1)=max-1;
A(i+1,i)=max-1;
end
end
fori=1:n-1
A(i*n,i*n+1)=0;
A(i*n+1,i*n)=0;

end

for i=n+1:n*n
if(n==2)
A(i,i-n)=max - 2;
A(i-n,i)=max - 2;
else
A(i,i-n)=max - 1;
A(i-n,i)=max - 1;
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end
end
c=1;
fori=1:n
for j=1:n
D(ij)=c;
c=c+1,
end
end
fori=1l:n
for j=1:n
if((D(i,j)+1>0)
&&(D(i,j)-1>0) &&(D(i,j)-n > 0)
&& (D(i,j)+n <= n*n) &&(j>1)&&(j<n))

A(D(i.).D(i.j)-1)=max;
A(D(i,))-1,D(i.j))=max;
A(D(i.j),D(i.j)+1)=max;
A(D(i,j)+1,D(i.j))=max;
A(D(i.).D(i.j)-n)=max;
A(D(i.))-n,D(i.j))=max;
A(D(i,j),D(i,j)+n)=max;
A(D(i.j)+n,D(i.j))=max;
end
end
end
disp(A);
eigenvaluesofgrid= eig(A)
MaximumbDegreeEnergy=sum(abs(eigenvaluesofgrid))
End

3.2 Cylinder C (n, n)

A Vo Vs

(7% =i E——

s .-

V7 Vg
Vg

Figure 2: Cylinder (3, 3)

The maximum degree adjacency matrix of 3x3 cylinder is
given by

B DO 0 3 3
A=|D C D |whereB={3 0 3],
O D B 3 3 0
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0 4 4 4 0 O
C= 4 O 4 , D= O 4 0 and
4 4 0 0 0 4

O is the zero matrix of size 3x3.

In general the maximum degree adjacency matrix of
cylinder C (n, n) for N > 3 can be written as

B DO . . . . OO
bcbo. . . 00O
O DCDO
ODCDO
A= . . . . . . . . where
. D CDO
(ONO) O DCD
(OJNO) O D B
0 3 0 . 0 3
3 03 0 . 0 0
0 303@P0
0 303@P0
B=
. 3030
0 0 0 3 03
30 0 30
0 4 0 . 0 4
4 0 4 0 . 0 0
0 4 0 40 .
0 4040
C=
0 40 40
0 0 0 4 0 4
4 0 0 40
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4 00 0
0 400 0
0 0400
0 0400
D=

00400
0 0 0 040
0 0 0 0 4

and O is the zero matrix of size nxn.

The following MATLAB program generates the
maximum degree energy of Cylinder C(n, n) for N > 3.

function energycylinder(n)
A=zeros(n*n);
max=4;
for i=1:n*n-1
A(i,i+1)=max-1;
A(i+1,i)=max-1;
end
fori=1:n-1
A(i*n,i*n+1)=0;
A(i*n+1,i*n)=0;
end
fori=1:n
A(i*n-(n-1),i*n)=max-1;
A(i*n,i*n-(n-1))=max-1;
end
for i=n+1:n*n
A(i,i-n)=max;
A(i-n,i)=max;
end
c=1;
fori=1:n
for j=1:n
D(ij)=c;
c=c+1;
end
end
fori=1:n
for j=1:n
if((D(i,j)+1 > 0)
&& (D(i,j)-1> 0)&&(D(i,j)-n>0)
&&(D(i,j)+n<=n*n)&& (j>1)&&(j<n))
A(D(i.j),D(i,j)-1)=max;
A(D(i,j),D(i j)+1)=max;
A(D(i.j),D(i,j)-n)=max;
A(D(i,j),D(i j)+n)=max;
end
end
end
fori=1:n
for j=1:n

International Journal of Computer Applications (0975 — 8887)

Volume 78 — No0.8, September 2013

if((D(i,j)-n>0)&&(D(i,j)+n<= n*n)
&&(j==1))disp(D(i.j));
A(D(i.j),D(i.j)+1)=max;
A(D(i,j),D(i,j)+(n - 1))=max
A(D(i.j),D(i.j)-n)=max;
A(D(i.j),D(i.j)+n)=max;

end

end
end
fori=1:n

for j=1:n

if((D(i,j)-n>0)&&(D(i,j)+n<=n*n)&&(j==n))
disp(D(i.j));

A(D(i.)),D(i.j)-1)=max;
A(D(i.),D(i.)-(n-1))=max;
A(D(i.j),D(i.j)-n)=max;
A(D(i.)),D(i.j)+n)=max;
end

end
end
A%disp(A);
eigenvaluesofcylinder=eig(A);
MaximumbDegreeEnergy=sum(abs(eigenvaluesofcylinder))
disp(eigenvaluesofcylinder);
disp(Energy);
end

3.3Torus T (n, n)

V1 VZ V3
V, Vs Ve
V7 VB Vg

Figure 3: Torus (3, 3)

The maximum degree adjacency matrix of 3x3 torus is
given by

B C C
A=|C B C |where
C C B
0 4 4 4 0 0
B=(4 0 4|, c=|0 4 O
4 4 0 0 0 4

and O is the zero matrix of size 3x3.

In general the maximum degree adjacency matrix of Torus
T (n, n) for N >3 can be written as
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B CO . 0 C
c BCO . 00
OCBCO .
0OCcCcBCO
A=l . . .. |where
. OC B 0]
OO0 0OCBC
cCoO 0] B
4 00 0
0 400 0 0
00400
00400
B=
00400
00 0040
4 0 0 0 4
0 40
4 0 4
0 4040
0 40 0
C=
0 4
0
0 0

and O is the zero matrix of size nx n.

The following MATLAB program generates the maximum
degree energy of Torus T(n, n)

function energytorus(n)
A=zeros (n*n);

max=4;

for i=1:n*n-1
A(i,i+1)=max;
A(i+1,i)=max;
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end

fori=1:n-1

A(i*n,i*n+1)=0;
A(i*n+1,i*n)=0;

end

fori=1:n
A(i*n-(n-1),i*n)=max;
A(i*n,i*n-(n-1))=max;

end

for i=n+1:n*n

A(i,i-n)=max;

A(i-n,i)=max;

end

for i=n*(n-1)+1:n*n
A(i,i-n*(n-1))=max;
A(i-n*(n-1),i)=max;

end

Aeigenvaluesoftorus= eig(A)
MaximumDegreeEnergy=sum(abs(eigenvaluesoftorus))
End

3.4 Extended grid EX(nxn)

v A Vs
Vv, Vi Ve
V7 8 Vg

Figure 4: Extended grid (3, 3)

The maximum degree adjacency matrix of Extended grid
EX (3%3) is given by

B D O 0 50
A=| D" C D' |where, B= 5 05
O D B 0 50
0 80 580
c=|8 0 8| p=|5 8 5
0 80 0 8 5

and O is the zero matrix of size 3x3.

In general the maximum degree adjacency matrix of
EX (n, n) for N >4 can be written as
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0
0

O 00 O 0o
coO O 00 O
O 00 O O

O is the zero matrix of size n x n.

The following MATLAB program generates the maximum
degree energy of Extended Grid (n, n)

function extendedgrid(n)
C=zeros(n*n);
max=8;
fori=1:n*n-1
if(n==2)
C(i,i+1)=max-5;
C(i+1,i)=max-5;
else
C(i,i+1)=max-3;
C(i+1,i)=max-3;
end
end
for i=n+1:n*n
if(n==2)
C(i,i-n)=max-5;
C(i-n,i)=max-5;
else
C(i,i-n)=max-3;
C(i-n,i)=max-3;
end
end
fori=1lin-1
C(i*n,i*n+1)=0;
C(i*n+1,i*n)=0;
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end
for i=n+2:n*n
if(n==2)
C(i,i-(n+1))=max-5;
C(i-(n+1),i)=max-5;
else
C(i,i-(n+1))=max-3;
C(i-(n+1),i)=max-3;
end
end
fori=n+lin*n-1
if(n==2)
C(i,i-(n-1))=max-5;
C(i-(n-1),i)=max-5;
else
C(i,i-(n-1))=max-3;
C(i-(n-1),i)=max-3;
end
end
fori=1:n-2
C(n*i+1,n*(i+1))=0;
C(n*(i+1),n*i+1)=0;
end
for i=1:n-2
C(n*i,n*i+n+1)=0;
C(n*i+n+1,n*i)=0;
end
c=1;
fori=1:n
for j=1:n
D(ij)=c;
c=c+1;
end
end
fori=1:n
for j=1:n
if((D(i,j)+1>0)
&&(D(i,j)-1> 0)&&(D(i,j)-n>0)
&&(D(i,j)+n<=n*n)&& (j > 1) && (j < n))
C(D(i.j),D(i.j)+n)=max;
C(D(i,j)*+n,D(i.j))=max;
C(D(i.).D(i.j)-n)=max;
C(D(i.j)-n,D(i,j))=max;

C(D(i.j).D(i.j)+1)=max;
C(D(i,j)*+1,D(i,j))=max;
C(D(i.).D(i.j)-1)=max;
C(D(i,j)-1,D(i,j))=max;
C(D(i,j),D(i,j)+1+n)=max;
C(D(i,j)+1+n,D(i,j))=max;
C(D(i,j),D(i,j)-1+n)=max;
C(D(i,j)-1+n,D(i,j))=max;
C(D(i,j),D(i,j)+1-n)=max;
C(D(i,j)+1-n,D(i,j))=max;
C(D(i,j),D(i,j)-1-n)=max;
C(D(i,j)-1-n,D(i,j))=max;
end
end
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end

C%disp(C);

eigenvaluesofgrid= eig(C)
MaximumbDegreeEnergyofextended_grid=sum(abs
(eigenvaluesofgrid))

End
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