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Nonlinear Dynamics of Chaotic Neural networks
K.Aihara

Department of Mathematical Engineering and Information Physics
Faculty of Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo, Tokyo 101, Email:aihara @sat.t.u-tokyo.ac.jp

ABSTRACT

Nonlinear dynamics of membrane potential in real neurons is studied from the view-
point of deterministic chaos.

First, existence of chaotic dynamics in nerve membranes is demonstrated both
numerically with the Hodgkin-Huxley and FitzHugh-Nagumo equations and exper-
imentally with squid giant axons{1,2]. A simple discrete-time neuron model with
similar chaotic dynamics is proposed on the basis of physiological properties of the
nerve meémbranes such as graded responses and relative refractoriness[3].

Second, nonlinear dynamics of neural networks composed of such chaotic neuron
models, which we call “chaotic neural networks”, is analysed in relation to nonliriear
spatio-temporal dynamics and artificial neurocomputing such as associative memory
dynamics and combinatorial optimization dynamics[3-5].

Last, the model of the chaotic neural networks is further extended to “transient
chaotic neural networks” with transient chaos and chaotic simulated annealing5]
and “asynchronous chaotic neural networks” with temporally analog coding[6,7].
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Motion of patterns is usually recognized by tracking the behavior of
interfaces segregating two phases as in solidification, combustion, polymer
alloy, chemical reaction, population biology, and so on. In most cases the
width of interface (denoted by e ) is assumed to be much smaller than the size
of the domain. It is known in experiments (for instance, block copolymer
melts, nematic-smectic transition in liquid crystal and magnetic thin film) that
very complicated and fine structures are observed as final stationary states.
This is due to the existence of nonlocal effects in those materials. The issue is
to find the characteristic domain size of such complicated stable
patterns and determine their morphologies in higher dimensional space,
which depend on e and the strength of nonlocal effect. |

There are conserved and non-conserved model systems to describe the
above phenomena; Cahn-Hilliard equation with non-local effect and an
activator-inhibitor system with Bonfoeffer-van der Pol type nonlinearity. It
should be noted that the patterns become finer and finer when & tends to
zero, and hence there are no well-defined limiting configurations for such
systems. Rescaling technique is employed to overcome this difficulty.
Here a natural question arises: "Is there an any difference between conserved
and non-conserved models about the stability and the scaling law for
stationary interfacial patterns?”. It turns out that there is essentially no
difference between them for the scaling law, in fact it is quite robust and does
not depend on the precise mechanisms. Existence and stability criterions are
the keys to determine the appropriate scale for the final patterns. The
mathematical core part is to find asymptotic free boundary problems for final
patterns and asymptotic formulas of eigenvalues of the linearized problems
there when ¢ tends to zero and the effective length of nonlocal term tends to
infinity, then derive existence and stability criterions, and finally, find an
appropriate scaling satisfying those criterions.
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