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Abstract

The simplest and most prominent collective behavior in large-scale complex networks of interacting sys-
tems is their synchronization. The purpose of this thesis is to investigate the mechanism for global
exponential synchronization in nonlinearly coupled dynamical networks without or with coupling time
delays. In the absence of coupling time delays, we apply the Lyapunov function method combined with
three quite different approaches to derive several criteria that ensure the nonlinearly coupled dynamical
networks to be globally exponentially synchronized. First, we study the synchronization in nonlinearly
coupled dynamical networks with an asymmetrically cooperative-competitive outer-coupling matrix by
utilizing the linear matrix inequality techniques. Secondly, employing some graph theory techniques,
we improve the so-called connection graph stability method for the synchronization analysis, that was
originally developed by Belykh et al. for symmetrically linear coupled dynamical systems, to fit the
asymmetrically nonlinear coupled case. Thirdly, we propose a general framework based on an eigenvalue
approach for studying the synchronization in time-varying complex networks of nonlinearly coupled dy-
namical systems. Based on this eigenvalue approach, we explore more deeply the connection between
network topologies and network synchronizability. The synchronizability of three network ensembles
with prescribed global network properties are compared through a series of numerical computations. On
the other hand, for nonlinearly coupled dynamical networks with discrete or distributed time delays, we
derive a criterion for the networks to be globally exponentially synchronized from the Lyapunov func-
tional method combined with the linear matrix inequality techniques. This synchronization criterion is
independent of not only the time delay but also the delay type. Compared with the existing results in the
literature, the primary strengths of this study are that the coupling function can be linear or nonlinear,
the components of a state variable can be fully coupled or partially coupled, and the outer-coupling ma-
trix can be symmetric or asymmetrical. Numerical experiments of several illustrative examples including
the coupled Chua’s circuits, the coupled FitzHugh-Nagumo neurons and the coupled Hindmarsh-Rose
neurons are given to demonstrate the theoretical analysis. More interestingly, the numerical results of
two real-world networks of the cat cortex and the macaque visual cortex both modeled by the asymmet-

rically linear coupled FitzHugh-Nagumo equations are also reported.
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