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Preface

The concept of a dynamical system has its origing in Newtonian mechanics.
There, as in other natural sciences and engineering disciplines, the evolution
rule of dynamical systems is given implicitly by a relation that gives the state of
the system only a short time into the future. The relation is either a differential
equation, difference equation or other time scale. Solving a dynamical system
required sophisticated mathematical technigues and could be accomplished only
for a small class of dynamical systems. To determine the state for all future times
requires iterating the relation many timeseach advancing time a small step. The
iteration procedure is referred to as solving the system or integrating the systen.
Once the system can be solved], given an initial point it is possible to determine
all its future positions, a collection of points known as a trajectory or orbit. Now,
Due to the advent of fast computing machines, numerical methods implemented
on electronic compnting machines have simplified the task of determining the
orbits of a dynamical systeni.

For simple dynamical systems, knowing the trajectory is often sufficient,
but most dynamical systems are too complicated to be understood in terms of
individual trajectories. The difficulties arise because:

The systems studied may only be known approximatelythe parameters of
the system may not be known precisely or terms may be missing from the
equations. To address these questions several notions of stability have heen
introduced in the study of dynamical systems, such as Lyapunov stability or
structural stability. The stability of the dynamical system implies that there
is a class of models or initial conditions for which the trajectories would be
equivalent. The operation for comparing orbits to establish their equivalence
changes with the different notions of stability. The type of trajectory may be
more important than one particular trajectory. The behavior of trajectories
as a function of a parameter may be what is needed for an application. As a
parameter is varied, the dynamical systems may have bifurcation points where
the qualitative behavior of the dynamical system changes.

Nonlinear problems are of interest to engineers, physicists and mathemati-
cians because most physical systems are inherently nonlinear in nature. Nonlin-
ear equations are difficult to solve and give rise to interesting phenomena such
as chaos. Some aspects of the weather are seen to be chaotic, where simple
changes in one part of the system produce complex effects throughout. A sys-
tem of dynamical differential equations is said to be nonlinear if it is not a linear
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system. Problems involving nonlinear dynamical differential equations are ex-
tremely diverse, and methods of solution or analysis are problem dependent on
the system itself.

As is well known, time delays are often encountered unavoidably in many
practical systems such as automatic control systems, population models, in-
ferred grinding models, the AIDS epidemic, neural networks, and so on. They
describe a kind of ubiquitous phenomenon present in real systems where the
rate of change of the state depends on not only the current state of the sys-
tem but also its state at some time in history. Moreaver, the existence of time
delays may lead to the mstability or bad performance of systems. So, it is of
prime importance to consider the delay effects on the dynamical behavior of
systems. Time delay in the stabilizing negative feedback term has a tendency
to destabilize a system. On the other hand, an impulsive phenomenon exists 1-
niversally in a wide variety of evolutionary processes where the state is changed
abruptly at certain moments of time, involving such fields as chemical technolo-
gy, population dynamics, physics and economies. It has also been shown that an
impulsive phenomenon exists likewise in neural networks. For instance, during
the implementation of electronic networks, when a stimulus from the body or
the external environment is received by receptors, the electrical impulses will be
conveyed to the neural net and an impulsive phenomenon which is called impul-
sive perturbations arises naturally . Moreover, impulsive perturbations, as well
as time delays, can affect the dynamical behavior of neural networks. However,
in most cases, the encountered instantaneous perturbations depend on not only
the current state of neurons at impulse times but also the state of neurons in
recent history. So, many of the existing results on delayed neural networks with
nnpulsive perturbations can only be regarded as an ideal situation and they
contain certain errors.

Uncertainty presents signiticant challenges in the reasoning about and con-
trolling of dynamical systems. To address this challenge, numerous researchers
are developing improved methods for existence and stability of solutions to non-
linear dynamical systems. This book presents a diverse collection of some of the
latest research in this iimportant area. In particular, this book gives an overview
of some of the theoretical methods and tools for existence, control and stability
of solutions to nonlinear dynamical systems, stochastic systems, and impulsive
systems, and it presents the applications of these methods to problems in sys-
tems theory, science, and economics.

This book is an outgrowth of our results on existence and stability of so-
lutions to nonlinear dynamical systems, stochastic systems, and impulsive sys-
tems, over the last five years. It is addressed to beginning graduate students of
mathematics, engineering, and the physical sciences. Thus, we have attempted
to present, it while presupposing a minimal background: the reader is assumed
to have some prior acquaintance with the concepts of “dynamical system™ and
“nonlinear” and also to believe “Banach space” is complete. The formal pre-
requisite consists of a good advanced caleulus course and a motivation to study
the theory of differential equations. My PhD thesis and articles [126-140] are
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the main references in this book.

We briefly describe the contents of the varions chapters. Chapter | present
mainly our new results of the Razumikhin-type exponential stability criteria
for impulsive stochastic functional differential systems. These new results are
employed to impulsive stochastic equations with bounded or unbounded time-
varying delays and stochastically perturbed equations, Moreover, some usefnl
corollaries of exponential stability are derived by means of Lyapunov function,
inequality techniques and the impulsive condition. The obtained results do not
need the strong condition of impulsive gain |dy| < 1

Chapter 2 is an exposition of stability analysis of nentral stochastic delay
differential equations by a generalization of Banachs contraction principle. In
this chapter we give sufficient conditions to ensure that the zero solution is
asymptotically stable in the mean square by means of a generalization of Ba-
nachs contraction principle. These conditions do not require the boundedness
of delays, nor do they ask for a fixed sign on the coefficient functions. The
results are shown to improve the previous globally stable results derived in the
literature.

Chapter 3, 6, T and 8 is a discussion of the globally asymptotical stability and
the robust stabilization in the mean square for stochastic recurrent neural net-
worksstochastic Cohen-Grossberg neural networks and high-order bidirectional
neural networks with time-varying delays and fixed moments of impulsive effect.
The rules are extend and improve the previous ones.

Chapter 10, 11 and 12 is a discussion of speeial class of nonlinear differential
equations where the existences of the positive solutions or nontrivial solutions
can be obtained.

Chapter 4 is the theory of exponential stability and solution hounds for sys-
tems with bounded nonlinearities; Chapter 5 and 9 is about oscillation criteria
based on a new weighted function for linear matrix Hamiltonian systems and
for second order matrix differential systems.

This book can be used either as a monographs or a reference; to this end,
the chapters contain many detailed proofs of core results and also state possible
problems of current interest, and it is our hope that the book will provide a
stimulus for future research.
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