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Abstract

In this work, we develop a perturbation theory for the approximation of stability spectra (Lyapunov exponents and Sacker-Sell
spectrum) for discrete time dynamical systems. The approach is based upon QR based methods that transform linear time varying
discrete time systems to an upper triangular form that allows for extraction of the stability spectra. We focus on nonlinear planar
maps and show how shadowing type error results can be combined with perturbation bounds for stability spectra. The utility of our
results is illustrated with numerical experiments for the Hénon and standard maps.
© 2010 IMACS. Published by Elsevier B.V. All rights reserved.
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1. Introduction

In this paper we adapt and extend the error analysis for approximation of stability spectra, Lyapunov exponents and
Sacker-Sell spectrum, developed in [6–10,20] to discrete dynamical systems. We consider nonlinear mappings of the
form

xn+1 = fn(xn) (1)

and the subsequent linearized equation

un+1 = Dfn(xn)un ≡ Anun (2)

Our contribution in this paper, besides phrasing all assumptions in terms of discrete time dynamical systems, is to make
this theory accessible to the large number of discrete time dynamical systems, more carefully examine the form of the
error obtained in [7], and provide for a class of planar mapping a way to obtain both a shadowing result and the error
in stability spectra (Lyapunov exponents and Sacker-Sell spectrum) simultaneously.

This work builds upon the body of work begun in [6] where the consequences of integral separation was examined
in the context of QR based methods (writing the fundamental matrix solution as orthogonal times upper triangular
with positive diagonal elements) for determining stability spectra. In [9] it was shown that for stable, i.e., continuous
with respect to perturbations, Lyapunov exponents and for Sacker-Sell spectrum the QR based methods are justified
since these stability spectra may be extracted from the diagonal elements of the upper triangular factors. A backward
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