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A Fundamental Study on Incremental Learning in
Multi-layered Chaostic Neural Networks
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Abstract

In this study, the internal states of multi-layered chaotic neural networks are inves-
tigated to improve the learning rate, increase the number of learning patterns, etc., by
incremental learning. Chaotic neural networks consisting of chaotic neuron models with
refractoriness and spatiotemporal sums were used in this study. The incremental learn-
ing method, which is one of the learning methods for associative memory used in chaotic
neural networks, was used. Incremental learning was performed on the chaotic neural
network with the middle layer added.

The results showed that the input from the middle layer was delayed by several times
compared to the input from the input layer. In addition, the delay in input became
longer as the learning progressed. Because of the delay, the behavior of the term on the
external input of the output layer changed, and the time to meet the learning condition
was shifted. In conclusion, on the multi-layered chaotic neural networks, the delay from

the middle layer was found out, and it was increased as the learning progresses.
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Figure 2.1 Neuron.
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Figure 2.2 Neuron Model.
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Figure 2.3 Sigmoid function.

FEARCE HIBEE 372 Z 2 %W, ¥ 2784 FEIEUER (2.3) TR SN, Figure 2.3 ¥
71‘;50

(2.3)

23 Za—JIlIlxyko—7
Za—RYETIAERESGOLDETHMEEIN Ay NV —I R0 —TF0 Ry hU—7
ThHb, —2a—mYEFLOHNEMO =2 —m Y EFVDIRANUGET 22T
dv M7 =2 R LI AL 5,

—a2—I3xvy b7 =2 BEHE Ay b -2 e HEMSERE Ry YV —J D

WCREL DTSN3, Figure 2.4 TRELNBIBEHRE ARy bV —2TlE. AJIE. F
g, HAEORETHERINTED, FRUMEED=2—a NEIMEAEIZHE L TWiRw,
ZDD, —a2—vrYOHNEIROBEAD—FETL D, BEEZ T - 72fEI3IE
FICHEET 2O =2 —0 AN LG L TWL, Figure 2.5 TRESNAHEEEE % v
FU— 2T AR D AN 2R TED . =2 —a YRS BT AR S 5 4 v
Y= THB,



Input Middle Qutput

DS
LA
5

Figure 2.4 Feed forward neural network.
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Figure 2.5 Recurrent neural network.
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Figure 3.1 Multilayer chaotic neural network modeled by Emoto et al.”
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Figure 4.1 Associative memory.
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Figure 5.1 Two layer chaotic neural network model used in the experiment.
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Table 5.1 Parameters.

Gradient const. of sigmoid function € 0.015
Attenuate const. of mutual connection k,, 0.1
Attenuate const. of refractoriness k, 0.95
Attenuate const. of input k; 0.95
Refractoriness coefficient « 0.5

Variation of connection weight in Middle | 0.00005

Variation of connection weight in Output | 0.00005

Connection weight of Input-Middle 0.6
Connection weight of Middle-Output 0.6
Connection weight of Input-Output 0.6
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0.8 | : : :
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Figure 5.2 Input data to the output layer.
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Figure 5.3 Increase in the number of delays.
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Figure 5.4 Transition of input patterns from the middle layer to the output layer.
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Figure 5.5 Comparision of terms related to external inputs.
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Figure 5.6 Comparision of conditions for learning.
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