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Abstract

We extend the theory of equitable decompositions introduced in [2], where it was shown that if a graph has

a particular type of symmetry, i.e. a uniform or basic automorphism φ, it is possible to use φ to decompose

a matrix M appropriately associated with the graph. The result is a number of strictly smaller matrices

whose collective eigenvalues are the same as the eigenvalues of the original matrix M. We show here that

a large class of automorphisms, which we refer to as separable, can be realized as a sequence of basic

automorphisms, allowing us to equitably decompose M over any such automorphism. We also show that

not only can a matrix M be decomposed but that the eigenvectors of M can also be equitably decomposed.

Additionally, we prove under mild conditions that if a matrix M is equitably decomposed the resulting divisor

matrix, which is the divisor matrix of the associated equitable partition, will have the same spectral radius as

the original matrix M. Last, we describe how an equitable decomposition effects the Gershgorin region Γ(M)

of a matrix M, which can be used to localize the eigenvalues of M. We show that the Gershgorin region

of an equitable decomposition of M is contained in the Gershgorin region Γ(M) of the original matrix.

We demonstrate on a real-world network that by a sequence of equitable decompositions it is possible to

significantly reduce the size of a matrix’ Gershgorin region.
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1. Introduction

Spectral graph theory is the study of the relationship between two objects, a graph G and an associated

matrix M. The goal of this theory is to understand how spectral properties of the matrix M can be used to

infer structural properties of the graph G and vice versa.

The particular structures we consider in this paper are graph symmetries. A graph is said to have a

symmetry if there is a permutation φ : V(G) → V(G) of the graph’s vertices V(G) that preserves (weighted)

adjacencies. The permutation φ is called an automorphism of G, hence the symmetries of the graph G are

characterized by the graph’s set of automorphisms. Intuitively, a graph automorphism describes how parts of

a graph can be interchanged in a way that preserves the graph’s overall structure. In this sense these smaller
parts, i.e., subgraphs, are symmetrical and together these subgraphs constitute a graph symmetry.

In a previous paper [2] it was shown that if a graph G has a particular type of automorphism φ then it

is possible to decompose any matrix M that respects the structure of G into a number of smaller matrices

Preprint submitted to Elsevier June 30, 2017



Download English Version:

https://daneshyari.com/en/article/5773150

Download Persian Version:

https://daneshyari.com/article/5773150

Daneshyari.com

https://daneshyari.com/en/article/5773150
https://daneshyari.com/article/5773150
https://daneshyari.com

