EBARFEZMERE VYRS b

HOSEI UNIVERSITY REPOSITORY

PDF issue: 2025-07-31

BN, F)—=—a—F )Ly hOEEH, &
Eib. A

KOUZUKI, Ryota / tH, BX

(F1T5E / Year)
2014-03-24

(A5 B8H / Date of Granted)
2014-03-24

(%1% / Degree Name)
B (I%)

(A5 MRS / Degree Grantor)
EHBKRE (Hosei University)



201300 UbO0w

oot booon
Ooon

L
L
L
L
L

oot oo odg oo

ooooboooboon
oooobooon

odgoon 12R3109

oooooooog

oo ogogo



HRERERE

doooboooobooooooooddooonnooooooonooooooood
0000000000000 000000D0D0O00O0O0OD0OoOOO (Dynamic Binary
Neural Networks: DBNN) OO O OOOOODBNNOOOOOOOOO30000000O
0000000000000 0000000000D00D0000000O (Binary Neural
Networks: BNN) OO O OO0 O0OO0O0OO0000OO0OO0OO0OO00OOO0OOO0OOOODBNNOO
dooobooooooodoooooooooooooooooooodooooon
0o0o0ooooooooooooooooooodooooooooooooon
O00000000000000000 200000 (Binary Periodic Orbit:BPO) O O
J00dodoooooDBNNOOOOOOODODODDODOOoODooooooooooooo
0ooooboooooooodgad

00d0dooooooo DBNNOOOOOoOooooooooooooooood
0oooooooooodoodooooooboooooooooooooood
0ooodobooooooooodoooooooboooooooooodooood
ooooooooooooooooooodoooooodooooooon 200
DBNNOOOOOOODODODODODOOOOOOoOoooooooooo BpOODOOO
0000 BpPOOOOOOOODOOOODOOOOODOODOOODOOOOODODOOOO
O00000000000O0O0D00 (Gray-code based return map:Gmap) 00000 O

00000000300 DBNNOOODODOOOoDoooooooooooooood
0oooooooooodoooooooonooooooooooooooooon
O000000000GADOODODOODOODOODO000DOO0GmapOOO00O0O

gboboboboogoboboooooboboooobbuoooobooo



Learning, Stabilization and Applications of Dynamic Binary Neural
Networks

Abstract

This paper studies the simple dynamic binary neural networks (DBNN) characterized by
signum activation function, ternary weighting parameters and integer threshold parameters.
The DBNN is constructed by applying delayed feedback to Binary Neural Networks (BNN)
with ternary weighting parameters and signum activation function. If number of neurons in
the hidden layer is sufficient, the DBNN can realize desired Boolean function. In addition,
the network can be regarded as the digital version of the recurrent neural network. The
DBNN can exhibit various Binary Periodic Orbit (BPO) depending on the parameters and
initial value. The DBNN is capable of various engineering applications: Signal processing,
control circuits, etc.

However, the DBNN has a problem such as an increase in computational cost and an
increase in the number of hidden neurons by size of teacher signals. In order to solve these
problems, some learning methods have been proposed. In this paper, we consider the 2-layer
DBNN to store the desired BPO. The learning algorithm is based on the genetic algorithm
(GA) and correlation learning. Performing a basic numerical experiment, we confirm that
the teacher signal is stored successfully and is stabilized automatically. In order to visualize
the dynamics of the DBNN, we introduce a systematic analysis tool: the Gray-code-based
return map (Gmap).

Also, this paper studies the 3-layer DBNN. We propose the learning of teacher signal
corresponding to switching patterns of the inverter and matrix converter. Applying the GA-
based sparsity learning, stability of the stored BPOs is improved. Using the Gmap, we have

confirmed storage of the teacher signal and automatic stabilization of the periodic orbits.
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