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HIGHLIGHTS

e Partial component synchronization is a kind of group dynamics behavior weaker than identical synchronization.

o In this paper, the definition of partial component synchronization is given, and the stability theory of partial variables is applied to study
it.

e Several sufficient conditions for partial component synchronization to be realized on the network are derived.
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1. Introduction

Many facts show that each uncoupled node in a nonlinear dynamical network has its own dynamic behavior and that it
evolves with time according to some dynamic laws under the corresponding initial conditions. When the couplings work, the
properties of group dynamics of nodes in the network show a certain relationship, which is called synchronization in the term
of dynamics. Since Pecora and Carroll [1,2] discovered the synchronization of chaotic systems in the 1990s, many literatures
on chaos synchronization have appeared [3-11], such as identical (or complete) synchronization, cluster (or partial)
synchronization, phase synchronization, outer synchronization and generalized synchronization. Identical synchronization
(or cluster synchronization) above is the asymptotic homogeneity of all state components in all oscillators (or all oscillators
within each cluster). These research results focus mainly on asymptotic convergence of all components in state variables.

In nonlinear dynamical network model, the dynamic equation of a single oscillator is usually a high-dimensional
nonlinear system, and its dynamic behavior is very complex. Furthermore, in some cases, some components of state variables
are even affected by unknown factors. Accordingly, the dynamic evolution of the network model is more complicated under
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the coupling action. Therefore, it is often difficult, sometimes impossible, to study identical synchronization behaviors and
its implementation conditions on the model. On the other hand, when considering the synchronization problem of a complex
dynamical network model, which is composed of some high dimensional nonlinear systems by couplings with each other,
the focus may be on the asymptotic convergence of some components (rather than all components) of node’s state variables
under certain condition. For example, when several aircraft fly side-by-side (or radial) in a flight performance, the component
of displacement in the forward direction of flight is the same, while the components of displacement in the other direction
are not the same. Essentially, this is a problem of partial component consistency of displacement. Inspired by the above
depiction and the research results on partial component consensus [ 12], the problem of partial component synchronization
on chaotic networks is considered in this paper. Compared with identical synchronization (all state components of all nodes
arerequired to achieve asymptotic convergence), partial component synchronization is more general, and it is a kind of group
dynamics behavior weaker than identical synchronization. As far as we know, there is no literature on partial component
synchronization in network systems.

The main contents of this paper are as follows. In Section 2, we introduce the knowledge of partial variable stability
and matrix theory. In Section 3, we give the concept of partial component synchronization. Then, under the condition that
some components of the solution vector in a single uncoupled oscillator are eventually dissipative, the problem of partial
component synchronization in chaotic dynamical networks is discussed. By using the matrix theory and stability theory,
some sufficient conditions for partial component synchronization in the network system are derived. In Section 4, numerical
simulation is carried out to verify correctness of the theoretical results. In Section 5, the discussion and summary are given.

2. Preliminaries

First of all, some research results about stability theory used in this paper are given [12,13]. Consider a system of
nonautonomous ordinary differential equations

dx

dt
where F(t,x) € C[R* x R",R"], F(t,0) =0, x = (y,2)" = (X1, .. ., X, Xy 1, - - - Xn) € RLy = (X1, ..., X)) € R™, z =
Xmg1s - X)) €RP (m+p=n), X = (L, xHY2 Iyl = Qo x)V2, Izl = (X1 ¥DY2 RT = [0, +00), t € RT.

= F(t, x), (1)

Definition 1 ([13]). The trivial solution of the system (1) is said to be stable with respect to the variable y,if Ve > 0, Vt; € R,
36(to, €) > 0, Vxo € Ssiny) = {x||x|| < &}, such that

||y(t7 tvao)” < S(t > to)'

Definition 2 ([13]). The trivial solution of the system (1) is said to be attractive with respect to the variable y, if Vt; € R,
Jo(tg) > 0,Ve > 0, Vxp € Ssy) = {XIIX]| < o(to)}, IT(to, X0, &) > 0, such that

ly(t, to, xo0)ll < &

fort > to + T. Furthermore, S,((,) called the region of attraction with respect to the variable y.

Definition 3 ([13]). The trivial solution of the system (1) is said to be asymptotically stable with respect to the variable y, if
it is both stable and attractive with respect to the variable y.

Definition 4 ([13]). The function ¢ is said to belong to K class function, if ¢ € C[R", R*] (or C[(0, r), R™]) is continuous,
strictly monotone increasing, and ¢(0) = 0. It is recorded as ¢ € K.

Lemma 1 ([13]). Let ¢, ¥ and « belong to K class functions. If there is a function V(t, x) with
e(llyll) = v(t, x) < ¥y,

such that its derivative

dv
| = —a(llyl),
(@)

then the trivial solution of the system (1) is asymptotically stable with respect to the variable y.

Remark 1. For the plane system du/dt = u, dv/dt = —uv, the trivial solution is asymptotically stable with respect to the
variable v, but unstable.

Following, two lemmas about matrix theory are given.
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