
Accepted Manuscript

Signed graphs cospectral with the path

Saieed Akbari, Willem H. Haemers, Hamid Reza Maimani, Leila Parsaei Majd

PII: S0024-3795(18)30215-5
DOI: https://doi.org/10.1016/j.laa.2018.04.021
Reference: LAA 14561

To appear in: Linear Algebra and its Applications

Received date: 27 September 2017
Accepted date: 17 April 2018

Please cite this article in press as: S. Akbari et al., Signed graphs cospectral with the path, Linear Algebra Appl. (2018),
https://doi.org/10.1016/j.laa.2018.04.021

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.2018.04.021


SIGNED GRAPHS COSPECTRAL WITH THE PATH

SAIEED AKBARI, WILLEM H. HAEMERS, HAMID REZA MAIMANI,
AND LEILA PARSAEI MAJD

Abstract. A signed graph Γ is said to be determined by its spectrum if every
signed graph with the same spectrum as Γ is switching isomorphic with Γ. Here
it is proved that the path Pn, interpreted as a signed graph, is determined by its
spectrum if and only if n ≡ 0, 1, or 2 (mod 4), unless n ∈ {8, 13, 14, 17, 29}, or n = 3.
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1. Introduction

Throughout this paper all graphs are simple, without loops or parallel edges. A
signed graph Γ = (G, σ) (with G = (V,E)) is a graph with the vertex set V and the
edge set E together with a function σ : E → {−1,+1}, called the signature function.
So, every edge becomes either positive or negative. The adjacency matrix A of Γ is
obtained from the adjacency matrix of the underlying graph G, by replacing 1 by
−1 whenever the corresponding edge is negative. The spectrum of A is also called
the spectrum of the signed graph Γ. For a vertex subset X of Γ, the operation that
changes the sign of all outgoing edges of X, is called switching. In terms of the
matrix A, switching multiplies the rows and columns of A corresponding to X by −1.
The switching operation gives rise to an equivalence relation, and equivalent signed
graphs have the same spectrum (see [9, Proposition 3.2]). If a signed graphs can
be switched into an isomorphic copy of another signed graph, the two signed graphs
are called switching isomorphic. Clearly switching isomorphic graphs are cospectral
(that is, they have the same spectrum). A signed graph Γ is determined by spectrum
whenever every graph cospectral with Γ is switching isomorphic with Γ. For unsigned
graphs it is known that the path Pn is determined by the spectrum of the adjacency
matrix, see [6, Proposition 1]. Among the signed graphs this is in general not true
anymore. In this paper we determine precisely for which n this is still the case, see
Theorems 4.5, 5.1, and Corollary 5.3.
We refer to [9] and [10] for more information about signed graphs. For the relevant

background on graphs we refer to [3], [4], or [5]. The initial problem was, possibly,
first introduced by Acharya in [1].

2. preliminaries

A walk of length k in a signed graph Γ is a sequence v1e1v2e2 . . . vkekvk+1 of vertices
v1, v2, . . . , vk+1 and edges e1, e2, . . . , ek such that vi �= vi+1 and ei = {vi, vi+1} for each
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