
Accepted Manuscript

The rank of a signed graph in terms of the rank of its underlying graph

Yong Lu, Ligong Wang, Qiannan Zhou

PII: S0024-3795(17)30592-X
DOI: https://doi.org/10.1016/j.laa.2017.10.013
Reference: LAA 14354

To appear in: Linear Algebra and its Applications

Received date: 6 July 2017
Accepted date: 13 October 2017

Please cite this article in press as: Y. Lu et al., The rank of a signed graph in terms of the rank of its underlying graph, Linear
Algebra Appl. (2018), https://doi.org/10.1016/j.laa.2017.10.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are
providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.laa.2017.10.013


The rank of a signed graph in terms of the rank of its

underlying graph ∗

Yong Lu, Ligong Wang† and Qiannan Zhou
Department of Applied Mathematics, School of Science, Northwestern Polytechnical University,

Xi’an, Shaanxi 710072, People’s Republic of China.

E-mail: luyong.gougou@163.com, lgwangmath@163.com, qnzhoumath@163.com

Abstract

Let Γ = (G, σ) be a signed graph and A(Γ) be its adjacency matrix, where
G is the underlying graph of Γ. The rank r(Γ) of Γ is the rank of A(Γ).
We know that for a signed graph Γ = (G, σ), Γ is balanced if and only if
Γ = (G, σ) ∼ (G,+). That is, when Γ is balanced, then r(Γ) = r(G), where
r(G) is the rank of the underlying graph G of Γ. A nature problem is that: how
about the relations between the rank of an unbalanced signed graph and the
rank of its underlying graph? In this paper, we first prove that r(G)−2d(G) ≤
r(Γ) ≤ r(G) + 2d(G) for an unbalanced signed graph with d(G) ≥ 1, where
d(G) = |E(G)| − |V (G)|+ ω(G) is the dimension of cycle spaces of G, ω(G) is
the number of connected components of G. As an application, we also prove

that 1−d(G) < r(Γ)
r(G) ≤ 1+d(G) for an unbalanced signed graph with d(G) ≥ 1.

All corresponding extremal graphs are characterized.
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1 Introduction

The graphs considered in this paper are finite simple graphs without multiple edges and loops.
Let G = (V (G), E(G)) be a simple graph with vertex set V (G) = {v1, v2, . . . , vn} and edge
set E(G). The adjacency matrix of G of order n is defined as the n × n symmetric square
matrix A = A(G) = (aij)n×n, where aij = 1 if vi is adjacent to vj and aij = 0, otherwise.
The rank r(G) of G is defined to be the rank of A(G), and the nullity η(G) of G is defined
to be the multiplicity of 0 as an eigenvalue of A(G). Obviously, n = r(G) + η(G).

A graph is called empty if it has some vertices and no edges. The degree of a vertex x in
G, written as dG(x), is defined to be the number of vertices which are adjacent to x in G.
Let x ∈ V (G), x is called a pendant vertex if dG(x) = 1 in G, and is called a quasi-pendant
vertex if it is adjacent to a pendant vertex. An induced subgraph Cp of a graph G is called
a pendant cycle if Cp is a cycle and has a unique vertex of degree 3 in G. Let G be a graph
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