The International Conference on Research Perspectives : IoT in Hybrid Grid Integrated Renewable Energy Sources

In association with International Journal of Scientific Research in Science, Engineering and Technology

¢ d\

SeWUNe o0 . Print ISSN: 2395-1990 | Online ISSN : 2394-4099 (www.ijsrset.com)
GV TSNS
- ‘> W!faET

A Study of Energy of Graphs Using Multiple Regression Technique
S. Perumal!, Dr. Kavitha?. ], Dr. ].Vijayarangam?
1Assistant Professor, Department of Mathematics, RMK College of Engineering & Technology, Puduvoyal,
Tamil Nadu, India
2Associate Professor, Department of Mathematics, New Horizon College Of Engineering , Bangalore, Karnataka,
India

3Guest Faculty, BITS Pilani WILP, Chennai, Tamil Nadu, India
ABSTRACT

Energy of a graph is an important aspect of a graph and its applications are growing in a fast pace over the years.
Results regarding energy of a graph and its components are one of the happening areas in research. This paper
is about one such result using the established and stabilized line of statistical regression. It considers a dataset of

five compact graphs K2, K3, K4, K5, and their line graphs, collecting a few components of them and regressing

their energy using the components.
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I. INTRODUCTION

The energy of a graph is the sum of modulus values of
the eigen values of its Adjacency matrix. Study of the
energy of a graph is an important one in application
domains.

It is one of the most referred articles in energy of
graphs as it gives you a nice and good discussion about
the topic.

A complete graph is a graph in which every possible
combination of vertices has an edge connecting them.
The line graph L(G) of a graph G is a graph such that
there is a one to one correspondence between edges
in G and vertices in L(G) and two vertices in L(G) are
adjacent if and only if their respective edges share a

vertex in G.

It also discusses about energy of graphs. It studies
energies of Laplacian graphs and line graphs. It has
many results regarding the energy of graphs. It has
discussions about hyper energetic and equi-energetic
graphs. This is a master of science thesis of a IIT,
Bhubaneshwar student which has nice discussions
about energy of different types of transformed
complete graphs.

There are many lines of discussions in literature
regarding the energy of a graph but not much yet
using a statistical regression one. This paper is
addressing that line of discussion. For simplicity sake,
we consider complete graphs K2, K3, K4, K5 and their
line graphs, obtain data from them like number of
vertices, number of edges and their degrees, the order
of its Adjacency matrix, positive inertia, negative and

its energy, Figl.
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Table 1 -Components of a graph

vertices Edges Degree of edges | nu+ nu- o(A(G)) Energy
K2 2 1 1 1 1 2 2
L(K2) 1 0 0 0 0 1 0
K3 3 3 2 3 0 3 4
L(K3) 3 3 2 3 0 3 4
K4 4 6 3 1 3 4 6
L(K4) 6 12 4 1 2 6 8
K5 5 10 4 1 4 5 8

L(K5) 10 30 6 5 5 10 20.1065

Fig1

Then , use multiple regression technique to first find
out which of the selected variables are significant
ones to explain the energy of a graph and once it is
found out, use multiple regression techniques once
again to obtain a relation between the energy of a
graph and the significant variables which can explain

that better than others.
II. METHODOLOGY

Prepare a dataset consisting of details of a graph like,

number of vertices, number of edges and their

degrees, the order of its Adjacency matrix, positive
inertia, negative and its energy

Run a multiple regression with energy as dependent
variable and all other variables as independent ones
and identify the significant variables.

Run a regression or multiple regressions for energy
with one or more significant variables from step2 to

obtain a relation for energy.

III. RESULT AND ANALYSIS:

The regression run with energy as dependent variable

and all others as independent ones yields the result,

Table 2 - Multiple Regression 1 for Energy of graphs

Regression Statistics

Multiple R 0.999899

R Square 0.999798

Adjusted R Square 0.499293

Standard Error 0.163547

Observations 8
ANOVA

df SS MS F Significance F

Regression 6 264.8319 44.13865 1980.223 0.0171999
Residual 0.053495 0.026748
Total 8 264.8854
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Coefficient | Standard Lower Lower Upper
s Error t Stat P-value 95% Upper 95% 95.0% 95.0%

0.81186899 | 0.59120920 | 1.3732 3.3556368

Intercept 5 2 3| 0.303364 8 | 1.73189889 | -3.35563688 | 1.73189889

vertices 0 0| 65535 | #NUM! 0 0 0 0
0.25443083 | 0.09612482 | 2.6468 0.1591609 0.15916091

Edges 4 6 8| 0.117999 12 | 0.66802258 2 | 0.66802258

Degree of 0.19574909 | 0.39965108 - 1.9153089 | 1.52381072 | 1.91530892

edges 8 4| 0.4898 | 0.672732 24 8 4 | 1523810728
0.72479792 | 0.06936003 | 10.449 0.4263657 | 1.02323008 | 0.42636576

nu+ 4 8 79 | 0.009034 68 1 8 | 1.023230081
0.66091525 | 0.12652760 | 5.2234 0.1165108 | 1.20531960 | 0.11651089

nu- 4 7 87 | 0.034751 99 9 9 | 1.205319609
0.75247735 | 0.51209808 | 1.4694 1.4509028 | 2.95585758 | 1.45090286

o(A(G)) 9 6 01 | 0.279492 66 5 6 | 2.955857585

Fig 2

From the Fig? it is clear that only Positive inertia and
negative inertia are found as significant independent
(bolded P wvalues table) for
understanding the energy of a graph.

variables in the

The other notable thing from the Fig-2 is that the

number of vertices and the number of edges turn out

to be insignificant variables for predicting the energy
of a graph which was not in the expected lines.

Then, using the two significant independent variables,
again run a multiple regression for the energy to

obtain,

Table 3 - Multiple Regression 2 for Energy of graphs

SUMMARY OUTPUT

Regression Statistics
Multiple R 0.969961182
R Square 0.940824695
Adjusted R Square 0.917154574
Standard Error 1.770574803
Observations 8
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ANOVA
Df SS MS F Significance F
Regression 249.2107488 | 124.6054 | 39.74735 0.000851827
Residual 15.67467566 | 3.134935
Total 264.8854245
Coefficie | Standard tStat | P-value | Lower | Upper95% | Lower | Upper 95.0%
nts Error 95% 95.0%
Intercept - 1.07636563 - 0.35555 - 1.67157073 - 1.671570735
1.0953152 6 1.01761 3.862201 5 3.86220117
17 17
nu+ 1.9112092 | 0.42796632 | 4.46579 | 0.006605 | 0.811086 | 3.01133170 | 0.81108677 | 3.011331707
39 8 3 772 7 2
nu- 2.1467255 | 0.35865661 | 5.98546 | 0.001866 | 1.224769 | 3.06868172 | 1.22476936 3.06868172
43 4 2 367 7
Fig3

From Fig-3, we obtain the regression equation for the
energy of a graph in terms of the most significant
predictors, the positive inertia and the negative
inertia as,

=-1.09532+1.9112*Positive
inertia+2.1467*Negative inertia

Energy = of  graph

IV. DISCUSSION:

The study has resulted in a concrete mathematical

equation connecting the energy of a graph and its

inertial values. But, the immediate reaction possibly
could be,

e Is it applicable for a random graph as the graphs
employed are complete graphs and their line
graphs.

e Can it be used to obtain a much easier way of

obtaining energy of a graph using other variables.
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