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Abstract

Certain almost periodic perturbation systems are considered in this paper. By using the roughness
theory of exponential dichotomies and the contraction mapping principle, some sufficient conditions
are obtained for the existence and uniqueness of almost periodic solution of the above systems. Our
results generalize those in [J.K. Hale, Ordinary Differential Equations, Krieger, Huntington, 1980;
C. He, Existence of almost periodic solutions of perturbation systems, Ann. Differential Equations 9
(1992) 173–181; M. Lin, The existence of almost periodic solution and bounded solution of pertur-
bation systems, Acta Math. Sinica 22A (2002) 61–70 (in Chinese); W.A. Coppel, Almost periodic
properties of ordinary differential equations, Ann. Math. Pura Appl. 76 (1967) 27–50; A.M. Fink, Al-
most Periodic Differential Equations, Lecture Notes in Math., vol. 377, Springer-Verlag, New York,
1974; Y. Xia, F. Chen, A. Chen, J. Cao, Existence and global attractivity of an almost periodic eco-
logical model, Appl. Math. Comput. 157 (2004) 449–475].
 2005 Elsevier Inc. All rights reserved.
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1. Introduction

In [1], Hale considered the following periodic systems containing a small parameter of
the form:

dx

dt
= Ax + εg(t, x),

dx

dt
= A(t)x + εg(t, x),

dx

dt
= A(t)x + g(t, x, ε).

Some sufficient conditions were obtained for the existence ofω-periodic solution of the
above systems. However, if the various constituent components of the temporally non-
uniform environment is with incommensurable (non-integral multiples) periods, then one
has to consider the environment to be almost periodic since there is no a priori reason to
expect the existence of periodic solutions. If we consider the effects of the environmental
factors, the assumption of almost periodicity is more realistic, more important and more
general. In 1974 Fink [8] investigated the perturbation system

dx

dt
= A(t)x + εg(t, x, ε). (1.1)

Some sufficient conditions were obtained for the existence and uniqueness of almost peri-
odic solution of system (1.1). Then Lin [2] and He [3] considered system

dx

dt
= A(t)x + f (t) + εg(t, x, ε). (1.2)

By using the contraction mapping principle and exponential dichotomies theory, some
sufficient conditions were obtained for the existence and uniqueness of almost periodic
solution of (1.2), respectively. Recently, Lin [4] generalized system (1.2) to perturbation
system:

dx

dt
= A(t, ε)x + f (t) + εg(t, x, ε). (1.3)

By using the contraction mapping principle and exponential dichotomies theory, some
sufficient conditions were obtained for the existence and uniqueness of almost periodic
solution and bounded solutions of (1.3), respectively.

In this paper, we consider the following systems

dx

dt
= A(t)x + f (t, x) + εg(t, x, ε) and (1.4)

dx

dt
= A(t, ε)x + f (t, x) + εg(t, x, ε). (1.5)

Motivated by the works [1,3–8], we combine the roughness theory with the contraction
mapping principle to study the above systems. Some sufficient conditions are obtained for
the existence and uniqueness of almost periodic solutions of the above systems. To the
best of authors’ knowledge, this is the first paper considering systems (1.4) and (1.5) by
this method. Moreover, because we extendf (t) in system (1.2) or system (1.3) tof (t, x),
the method by using the contraction mapping principle and exponential dichotomies the-
ory only cannot be applied to system (1.4) and (1.5). Then the roughness theory must be
employed to study system (1.4) and (1.5).
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