
Accepted Manuscript

An improvement of the measurement of time series irreversibility with
visibility graph approach

Zhenyu Wu, Pengjian Shang, Hui Xiong

PII: S0378-4371(18)30240-1
DOI: https://doi.org/10.1016/j.physa.2018.02.131
Reference: PHYSA 19251

To appear in: Physica A

Received date : 26 October 2017
Revised date : 21 January 2018

Please cite this article as: Z. Wu, P. Shang, H. Xiong, An improvement of the measurement of time
series irreversibility with visibility graph approach, Physica A (2018),
https://doi.org/10.1016/j.physa.2018.02.131

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.physa.2018.02.131


An improvement of the measurement of time series irreversibility

with visibility graph approach

Zhenyu Wu ∗, Pengjian Shang, Hui Xiong

Department of Mathematics, School of Science, Beijing Jiaotong University, Beijing 100044, P.R. China

Abstract

We propose a method to improve the measure of real-valued time series irreversibility which
contains two tools: the directed horizontal visibility graph and the Kullback-Leibler diver-
gence. The degree of time irreversibility is estimated by the Kullback-Leibler divergence
between the in and out degree distributions presented in the associated visibility graph. In
our work, we reframe the in and out degree distributions by encoding them with differ-
ent embedded dimensions used in calculating permutation entropy(PE). With this improved
method, we can not only estimate time series irreversibility efficiently, but also detect time
series irreversibility from multiple dimensions. We verify the validity of our method and
then estimate the amount of time irreversibility of series generated by chaotic maps as well
as global stock markets over the period 2005-2015. The result shows that the amount of
time irreversibility reaches the peak with embedded dimension d=3 under circumstances of
experiment and financial markets.
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1. Introduction

The quantization of time series now as a significant topic in applied science has received valuable

input from statistical science, nonlinear dynamics and chaotic theory over the past few years[1–

5]. For example, the long-range dependence and multifractal method have been particularly

used to quantify the level of development of financial markets[6–9]. Another relevant concept

in the context of financial system is that of time reversibility, which reveals the invariance of

statistical properties of a certain process under time reversal[10–12]. In the physical field, the

concept of time irreversibility has recently been used to drive information about the entropy

production of the series generated by physical mechanism. Thus, just as the various entropy,

the concept of irreversibility has also drawn much attention in financial field.

Recently, many methods to measure time irreversibility have been proposed. What they

have in common is the use of time series symbolization and the analysis of the symbolized series

through comparing the symbol strings occurred forwards and backwards[12–14]. However, these

methods require an extra amount of ad-hoc time series information. Based on this, the family

of visibility algorithms have recently been proposed[15, 16], which can visualize the structure of

time series. Motivated by this, we make use of horizontal visibility algorithm in our work, which

contains the function of mapping time series to graph. It is helpful to detect the topological
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