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The author has proposed a new Lorenz model with an excitatory-excitatory connection matrix (EEC model)
or an excitatory-inhibitory connection matrix (EIC model) which consists of the three temporal coupling
coefficients and three spatial coupling coefficients in a previous paper. In this paper, the author introduces an
abstract coincidence detector model (ACD model) to evaluate the spartial synchronization of neurons, and a
Hopfield model to decide the three spatial coupling coefficients which govern emergent ability. The paper
shows that boundary regions of each phase of the self-organized phase transition phenomena which appear in
the proposed model have information processing ability, and claims that a proposed model is useful to an
architecture for the emergent subsystems for emergent systems.
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Table 1: Specifications

EEC model | EIC model

o 10 10

r 28 28

b 8/3 8/3

c 0.2 0.4

d variable variable
At 0.01 0.01
£ 0.005 0.005

23 ACDETIL  ARETMIR—L VRO
SRR THERASNEX Y NU—2 - T AL THD
0, MERFAEShEED3-50=a—n{X, Y, Z})»
5, AIEOHETHAISIND 32D AL I HOWFZE
MIREAT (2, Fujii 5P ORICE D ACD (Abstract
Coincidence Detector) % FIf4%. Ziix, Gray 5®
2N, ZERMIICEEN 7. = o — 1 L D F& K D[R A — R
Moo= O N—T%ED, TNBMENIERD X
YU T ThDEEROICTHER L2 LITESW R
T 5. Fujii D ACD T /U,

. HAxrxo==—v i FRREERT, B, B
DANF A 7 DRI & - TR AT 2 LS
M=a—aTho.

P = o —a B 20,

B AR A OIS 2 (E 7RV,
WAEDOEMITITL LT 5.

—a—u ISP LD DR E ST niE
ENREEA S 5.

Lol - Tov T Y —DOWRET L THD.
T O EX 1 1ZRT.

AT

ugn)
[T
Wio
D(n)
NN
N

Fig. 1: Schematic illustration of the ACD model
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Fig. 2: A typical sample of the amplitude of X(t) and
histogram of output of ACD of the EIC model, d=0.3.
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Fig. 3: A typical sample of the amplitude (left) and power
spectrum (right) of X(t) of the EEC model (top) and EIC
model (bottom), t=0~100[sec], ¢=0.3.
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Fig. 4: Histogram of total firing ratio and synchronized
ratio of {X,Y,Z} versus d of the EEC model, ¢=0.2 (top)
and EIC model, ¢=0.4 (bottom), t=0~1000[sec].
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Fig. 5: Histogram of total firing ratio and synchronized
ratio of {X,Y,Z} versus w; of the EIC model at excitatory
(top, s=0, th=0) and

connection weight (bottom, 5=0, th=-0.5), t=0~1000[sec].
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Fig. 6: Histogram of total firing ratio and synchronized
ratio of {X,Y,Z} versus w;; of the EEC model at excitatory
(top, s=0, h=0)

connection weight (bottom, 5=0, th=-0.5), t=0~1000[sec].
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Fig. 7: Spike train of u; (top), output of ACD (middle) and
energy of network (bottom) versus t of the EIC model, w;=-

0.15, 5,=0, th=-0.5, t=0~100[sec].
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Fig. 8: Spatial coupling coefficient d; (top), energy of

network (middle), and output of ACD (bottom) versus t of
the EIC model at unbalanced synapse weight, wj,=1/3,
wi3=-1/3, wys=-1/3, th=-1/3, s7=0, t=350~600[sec].

4 % =

A CIRE L, FEMFEEGr—L Y - ET L0
3 DO IR IR B 1 o W22 M F5 M FE A IZ Abstract
Coincidence Detector Z#E AL, F72, RET LOHIF
1% 3BT 2 3 DO ZEMFE SR DR EIZ Hopfield
ETNAVEEALZ. £2LTC, KETMCEND HCOM
AR BL R O BAH D5 fL5EIL Edge of Chaos (25
WERLIREE IR S B Z & ER L, KET VITAIFY
TYUARAT ADEAEICAHTCHDL BRI

W TIE, AV T 2T K& S L2 fl%
AT LEREL, TNDRRE VAT A, FFITREOME
Vi XA T HANERIFRAIE R A IR TE D 2 L BT
M, BORRF N LY LAt v 2 — LA TRt
WY - EEZERIEEOOIX, BELOHEmEE LT,
AT 22 OFRBETANTIY 3. < EGH
DEEZRLET.

AWFFEIL B F B R F R R SE B B 12 - THT D
nNE=boThs.

x #
(1) Clark, A., Mindware, Oxford University Press (1991)

(2) van Gelder, T. J., The Dynamical Hypothesis in Cognitive
Science., Behavioral and Brain Sciences, 21 (1998) 1.

FAHAR - im O, AR 1, ACEARS.

(4) Freeman, W. J., How Brains Make Up Their Mind, Columbia

(3) A,

University Press (2000)

(5) Inoue, M. and Nagayoshi, A., A Chaos Neuro-computer, Physics
Letters, A158 (1991) 373.

(6) Inoue, M. and Nagayoshi, A., Solving an Optimization Problem
with a Chaos Neural Network, Progress of Theoretical Physics, 88
(1992) 769.

(7) Fujii, H. et al., Dynamical Cell Assembly Hypothesis, Neural
Networks, 9 (1996) 1303.

(8) Gray, C. M. et al., W., Oscillatory Responses in Cat Visual Cortex
Exhibit Inter-columnar Synchronization which Reflects Global
Stimulus Properties, Nature, 338 (1989) 334.

(9) Hopfield, J. J., Neural Networks and Physical Systems with
Emergent Collective Computational Abilities, Proceedings of the
National Academy of Science of the USA, 79 (1982) 2554.

(10) Tateno, K., Hayashi, H. and Ishizuka, S., Complexity of
Spatiotemporal Activity of a Neural Network Model which
Depends on the Degree of Synchronization, Neural Networks, 11
(1998) 985.

— 341 —



