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Abstract. In this paper, we investigate an effect of the overlap among memory patterns for a delay
feedback control method in the chaotic neural network (CNN) model. In the memory search problem, it is
important to control chaotic wandering states flexibly and softly, and the delay feedback control method
is one of them that realize the change of chaos flexibly and softly. We have shown that the delay feedback
control method stabilizes a chaotic wandering state into a certain memory pattern. In addition, the results
suggest that the delay feedback control method enable us hierarchical memory search by means of chaotic
wandering states if we construct hierarchical memory patterns by controlling overlap among them. In this
paper, therefore, we employ five kinds of memory patterns with different structures of the overlap among
them. We investigate how the overlap among memory patterns influences the states stabilized by the
delay feedback control method. From the computer experiments, we show that the accessibility to memory
patterns in the delay feedback control method is governed by the degree of the overlap.
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1 Introduction

At the end of 20th century, chaotic phenomena have been observed in various systems including brain [1]-[3].
Skarda and Freeman observed chaotic behavior in olfactory bulb from biological and computer experiments, and
presented an attractive idea in recalling process and learning process[4]: (i)During waiting for input signals, the
dynamical response of the olfactory system falls into a highly developed chaotic attractor. (ii)When a certain
memorized input is presented, suddenly the highly developed chaotic response shrinks into a weak chaotic
attractor or a limit cycle. Thus, in the recalling process, they assume that the chaotic attractor or limit cycle
have proceed by feedback.

From the theoretical viewpoints, Japanese five gang suggested fruitful ideas of potentiality of chaos in
remarkable brain functions independently. For instance, Nara and Davis represented interesting results in a
complex memory search of the neural network model with multi-cyclic memory patterns[6]. Inspired by them,
Kuroiwa, et. al. presented interesting results that the property of the sensitive response to memory pattern
fragments in chaotic wandering state is general even though the mechanism of chaos is different [7].

In realizing a complex memory search by means of a chaotic wandering state, it is important to control
chaotic dynamics flexibly and softly. We have shown that the delay feedback control method stabilizes a chaotic
wandering state into a certain memory pattern[8, 9]. In addition, the controlled CNN model converges into a
certain memory pattern when the chaotic wandering orbit passes through its attractor at the moment that
the control signal is injected. On the other hand, the controlled CNN model converges into various memory
patterns when the chaotic wandering orbit passes through the boundary of the basin of its attractor. Thus, the
results suggest that a hierarchical memory search would be possible by controling chaotic wandering states with
the delay feedback control method if we construct hierarchical memory patterns with overlap among them[10].
Indeed, Iwai et. al. have shown that the overlap among memory patterns influences in chaotic orbits of chaotic
neural network model[11].

In order to realize the hierarchical memory search, it is important to show the accessibility to memory
patterns in the delay feedback control method depending on the overlap among memory patterns. In this paper,
therefore, we investigate an effect of the overlap for a delay feedback control method in the chaotic neural
network (CNN) model.

2 CNN Model

Let us present the CNN model proposed by Adachi and Aihara [5], briefly. The updating rule of ith neuron in
the CNN model at time t is written as follows:

xi(t + 1) = f(ηi(t + 1) + ζi(t + 1)), (1)
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ηi(t + 1) = kfηi(t) +
N∑

j=1

wijxj , (2)

ζi(t + 1) = krζi(t) − αxi(t) + ai, (3)

where t represents a discrete time (t = 0, 1, 2, · · ·), the xi(t) is the output of the ith neuron at time t, the internal
state variable of ηi(t) denotes a feedback input from the other neurons in the CNN model which represents the
effect of the associative memory, the internal state variable of ζi(t) represents the refractoriness effect of the
neuron at time t, ai is a constant bias input of the ith neuron, and N is the number of neurons in the network.
The parameter α controls the refractory scaling of neuron. The parameters kf and kr are the decay parameters
for the feedback inputs and the refractoriness, respectively.

The function f( · ) is referred as the output function. In this paper, we employ sigmoid function with the
steepness parameter ε as follows:

f(x) =
1

1 + exp(−x/ε)
. (4)

The variables wij denotes synaptic weights to the ith neuron from the jth neuron given by,

wij =
1
N

P∑

p=1

(2ξp
i − 1)(2ξp

j − 1) (5)

where ξp
i represents the ith component of the pth binary patterns stored as basal memory patterns in the CNN

model, and takes 0 or 1. The P is the total number of stored memory patterns. In this paper, we employ
binary patterns as shown in Fig.1. Each pattern consists of 400 pixels, indicating N = 400. In Fig.1, the black
corresponds to 1, and the white corers ponds to 0.

3 Delay Feedback Control Method in CNN Model

Let us explain a delay feedback control method in a CNN model, briefly[9]. The delay feedback control method
is described as follows:

xi(t + 1) = f(ηi(t + 1) + ζi(t + 1) + Fi(t + 1)), (6)

Fi(t + 1) = kdFi(t) + βxi(t − τ), (7)

where Fi(t) is a control signal, β is the strength of the control signal, τ represents the delay time, and the
parameter kd is the decay parameters for the control signal.

In a CNN model, the existence of the refractory scaling α and the steepness of the sigmoid function ε
introduce to chaotic dynamics. In usual, the steepness of the sigmoid function ε is fixed. In the delay feedback
control method, thus, we can control chaotic dynamics by adjusting the effect of the refractory scaling α through
the delay feedback control.

4 Computer Experiments

4.1 Purpose and Method of Computer Experiments

The purpose of this paper is to study an effect of the overlap among memory patterns with a certain hierarchical
structure for a delay feedback control method in CNN model. We prepare 4 kinds of memory pattern with
different overlap among then as shown in Table1:

– group a: This group consists of pa
1 , p2, p3, p5. Only the patterns pa

1 and p4 have small overlap of 0.2.
– group b: This group consists of pb

1, p2, p3, p5. Only the patterns pb
1 and p2 have small overlap of 0.2..

– group c: This group consists of pc
1, p2, p3, p5. Only the patterns pc

1 and p2 have overlap of 0.4 and the
patterns pc

1 and p4 have small overlap of 0.2.
– group d: This group consists of pd

1, p2, p3, p5. The patterns have a hierarchical structure of overlap.

In this paper, we evaluate the overlap between pth pattern {ξp
i } and qth pattern {ξq

i } as follows:

opq =
1
N

N∑

i=1

(2ξp
i − 1)(2ξq

i − 1). (8)

In the CNN model, we select the parameter value as follows, kr = 0.9, kf = 0.3, ai = 0.02 and ε = 0.00125.
We employ the refractory scaling parameter to be α = 0.29, in this simulation. In the above parameter set,
the largest Lyapunov exponent of CNN model takes the positive value, indicating that the system is in chaos.
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Table 1. Overlap among memory patterns.

A pa
1 p2 p3 p4 p5

pa
1 1 0 0 0.2 0

p2 0 1 0 0 0

p3 0 0 1 0 0

p4 0.2 0 0 1 0

p5 0 0 0 0 1

B pb
1 p2 p3 p4 p5

pb
1 1 0.2 0 0 0

p2 0.2 1 0 0 0

p3 0 0 1 0 0

p4 0 0 0 1 0

p5 0 0 0 0 1

C pc
1 p2 p3 p4 p5

pc
1 1 0.4 0 0.2 0

p2 0.4 1 0 0 0

p3 0 0 1 0 0

p4 0.2 0 0 1 0

p5 0 0 0 0 1

D pd
1 p2 p3 p4 p5

pd
1 1 0.3 0.1 0.2 0

p2 0.3 1 0 0 0

p3 0.1 0 1 0 0

p4 0.2 0 0 1 0

p5 0 0 0 0 1

In the delay feedback control method, we set τ = 1, β = 0.25 and kd = 0.9. In this parameter set, the decay
parameters for the control signal kd takes the same value of the decay parameter for the the refractoriness kr.
If one choose different value slightly, we can get similar results qualitatively.

In order to show an effect of the overlap among memory patterns for a delay feedback control method in
CNN model, we perform the following two experiments:

1. Accessibility to memory patterns with a hierarchical structure of overlap in the delay feedback control
method: In group d, we evaluate how many times the CNN model converges into each pattern in controlling
various states in the basin of the attractor of the memory pattern pd

1. The state is given by chaotic wandering
states, and corresponds to the state at the moment when the control signal was injected. In order to classify
the staring positions, we calculate the hamming distance between the the pattern pd

1 and the position in its
basin.

2. Dependence of accessibility on the overlap: In this simulation, we employ 4 group as memory patterns, group
a, group b, group c, and group d, and evaluate the same value mentioned above for each group between the
Hamming distance of 80 and 100.

In the evaluation, we employ 2,000 starting points. In general, as known well, the recurrent neural network model
with synaptic connections written by Eq.(5) generates spurious memories. Therefore, controlled states almost
corresponds to spurious memories. In this paper, when the system converges into a certain spurious memory,
we regard that the system converges into the memory pattern which is nearest to the spurious memory.

Fig. 1. Memory pattern with N = 400.
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Fig. 2. Accessibility to memory patterns with a hierarchical structure of overlap in group d.

4.2 Accessibility to Memory Patterns with a Hierarchical Structure of Overlap

Results are given in Fig 2. From the Fig 2, the controlled CNN model converges into the memory pattern
of pd

1 when the chaotic wandering state passes through its attractor at the moment that the control signal is
injected, corresponding to Hamming distance of 20 to 40. As the chaotic wandering state becomes distant from
the attractor, the accessibility to pd

1 becomes smaller and the accessibility to the other patterns, p2, · · · and p5

becomes larger.
At next, we consider the effect of overlap. The accessibility depends on the effect. Indeed, except for the

result of Hamming distance of 20 to 40, the accessibility becomes larger as the overlap between pd
1 and the

controlled pattern becomes larger. Note that, in group d, the overlap with pd
1 becomes larger in order of p2, p4,

p3 and p5.

4.3 Dependence of Accessibility on the Overlap

Results are given in Fig 3. From the Fig 3, the system is almost controlled into the pattern with overlap. The
situation of Hamming distance of 80 to 100 means that the chaotic wandering state is in almost half distance
positions from the boundary of the basin of the attractor when the control signal is injected. Of course, in
consistency with previous results, the controlled CNN model converges into the memory pattern, pa

1 , pb
1, pc

1 or
pd
1, when the chaotic wandering state passes through its attractor for the case of small Hamming distance. The

results suggest that the feature of the accessibility is general independently from employed memory patterns.

5 Conclusions

In this paper, investigate an effect of the overlap among memory patterns for the delay feedback control method
in the chaotic neural network (CNN) model. In especial, we focus on the problem how the overlap among
memory patterns influences the states stabilized by the delay feedback control method. Results are as follows:

– Around the boundary of the memory pattern, the system is controlled into the memory pattern or the other
patterns with overlap.
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Fig. 3. Dependence of accessibility on the overlap in controlling the states with Hamming distance 80 − 100.

– The accessibility to memory patterns with a hierarchical structure of overlap becomes smaller as the overlap
becomes smaller.

– The accessibility to memory patterns in the delay feedback control method is governed by the degree of the
overlap.

– The feature of the accessibility is general independently from employed memory patterns.

The results suggest that by means of the delay feedback control method, we can control chaotic wandering
states flexibly and softly. That is, for highly developed chaos, the system wanders among all the patterns. On
the other hand, for weak chaos, the system wanders among patterns with overlap. This is further problem.
And also, a novel method for synaptic connections, which avoids generating spurious memories, are necessary,
keeping the overlap among memory patterns.
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