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The chaotic neural network constructed with chaotic neurons exhibits very rich dynamic
behaviors and has a nonperiodic associative memory. In the chaotic neural network,
however, it is di cult to distinguish the stored patters from others, because the states of
output of the network are in chaos. In order to apply the nonperiodic associative memory
into information search and pattern identi cation, etc, it is necessary to control chaos in
this chaotic neural network. In this paper, the phase space constraint method focused on
the chaotic neural network is proposed. By analyzing the orbital of the network in phase
space, we chose a part of states to be disturbed. In this way, the evolutional spaces of
the strange attractors are constrained. The computer simulation proves that the chaos
in the chaotic neural network can be controlled with above method and the network can
converge in one of its stored patterns or their reverses which has the smallest Hamming
distance with the initial state of the network. The work clari es the application prospect
of the associative dynamics of the chaotic neural network.

1. Introduction

A chaotic neural network constructed with chaotic neurons has exhibit very rich
dynamic behaviors. Compared to the Hop eld neural network, the chaotic neural
network possesses the characters of larger memory content and good tolerance,
etc. Recently, it has received much attention because of its potential application of
the associative dynamics in optimization and information processing, etc.2{3 The
chaotic neural network has shown a nonperiodic associative memory, but its asso-
ciative memory is realized in the chaos dynamic of the network. The outputs of the
network are nonperiodic states which change continuously and can not be stabilized
in one of its stored patterns. One therefore meets di culties in the application of
the associative memory in information processing. To achieve the information pro-
cessing in the chaotic neural network, we should put the control on the network and
let the network to be stable in an expected pattern. In our previous work, we have
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made an achievement in controlling the chaos of the network by using the pinning
control.5 However, the controlled aim should be assigned prior in above method
so that one still could not apply the associative memory of the chaotic neural net-
work in information processing. In the work, we will propose a new control method
focused on the chaotic neural network, in which the orbital in the phase space is
constrained in a certain region. The computer simulation proves that the method
works well. The chaotic neural network can be stabilized in a stored pattern or its
reverse which has nearest Hamming distance with the initial state while no target
need to be chose in advance.

In the second section we will give a simple description of the chaotic neural
network used as a controlling object. Our new control method will be proposed in
the following section. The computer simulation will be shown in the section too.
The conclusion is in the fourth section.

2. The Chaotic Neural Network Model and its Dynamics

The chaotic neural network model used in the paper is constructed with 100 chaotic
neurons.®® The dynamics of the ith chaotic neuron in the chaotic neural network
is described as follows:
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where (t+ 1) and ;(t+ 1) are the internal state variables for feedback input from
the constituent neurons in network and refractoriness, respectively. () and g( )are
the output function and the refractory function of the neuron, respectively. We
take the output function of the neuron f(x) as Sigmoid function with the steepness
parameter , i.e. f(X) = 1=[1 + exp( x= )], refractoriness function as g(x) X.
is the refractory scaling parameter. a;(i = 1;2;100) are the threshold of neurons.
ks and k, are the decay parameters for the feedback inputs, and the refractoriness,
respectively. wjj are synaptic weights to the ith constituent neuron from the jth
constituent neuron, the weights are are de ned according to the following symmetric
auto-associative matrix of n binary patterns:
— 1 X P p .
Wij = o (2x; 1)(2xj 1); 4
p=1

where x¥ is the ith component of the pth binary pattern. In this way, the binary
patterns can be stored as basal memory patterns. We use a picture composed of 10
by 10 matrix to show the stored patterns of the neural network constructed with
100 neurons. A neuron with its outputx; equal to 1, which means the neuron is
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\excited", is represented by a block \ " while a neuron with its output x; equal
to 0, which means the neuron is \restraining", is denoted by a dot \ "'. Four stored
patterns employed in this paper are shown in Fig. 1.

When the decay parameters of the network are set to certain values, the network
generates non-periodic sequential patterns including the stored ones as its output
sequence. Figure 3 exhibits the sequences of the outputs for the network in which
the parameters are taken as = 10:0;a; = 2:0; k¢ = 0:20 and k, = 0:95 and the
initial state is the one as shown in Fig. 2. One can nds that the outputs of the
network exhibits the complex dynamic behave in time and space. The detail can
be found in the Ref. 3. Though the stored patterns are included in the outputs, the
network can not be stabilized in one stored pattern or near it. It is impossible to
carry out the information processing in the network. In order to search the stored
patterns involved in the network, one has to change the chaos dynamics, i.e. put
the control on the chaotic neural network.

Fig. 1. Four stored patterns.

Fig. 2. Initial state.
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Fig. 3. The sequences of the output neurons.






