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The field of neural network modelling has grown up
on the premise that the massively parallel distributed
processing and connectionist structure observed in the
brain is the Key behind its superior performance. The
conventional network paradigm has mostly centered
around a static approach —~the dynamics involves
gradient descent of the network state to stable fixed-
points (or, static attractors) corresponding to some
desired output. Neurobiological evidence however
points to the dominance of non-equilibrium activity in
the brain, which is a highly connected, nonlinear
dynamical system. This has led to a growing interest in
constructing nonequilibrium models of brain activity —
several of which show extremely interesting dynamical
transitions. In this paper, we focus on models
comprising elements which have exclusively excitatory
or inhibitory synapses. These networks are capable of
a wide range of dynamical behaviour, including high
period oscillations and chaos. Both the intrinsic
dynamics of such models and their possible role in
information processing are examined.
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SINCE the development of the electronic computer in the
1940s, the serial processing computational paradigm has
successfully held sway. It has developed to the point
where it 1s now ubiquitous. However, there are many tasks
which are yet to be successfully tackled computationally.
A case in point is the multifarious activities that the
human brain performs regularly, including pattern recog-
nition, associative recall, etc. which are extremely
difficult, if not impossible to do using traditional
computation.

This problem has led to the development of non-
standard techniques to tackle situations at which
biological information processing systems excel. One of
the more successful of such developments aims at
‘reverse-engineering’ the biological apparatus itself to
find out why and how it works. The field of neural
network models has grown up on the premise that the
‘massively parallel distributed processing and connec-
tionist structure observed in the brain is the key behind its
superior performance. By implementing these features in
the design of a new class of architectures and algorithms,
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it 1s hoped that machines will approach human-like a
in handling real-world situations.

" The complexity of the brain lies partly in
multiplicity of structural levels of organization ir
nervous system. The spatial scale of such structures
about ten orders of magnitude — starting from the ley
molecules and synapses, going all the way up to the ¢
central nervous system (Figure 1).

The unique capabilities of the brain to per
cognitive tasks are an outcome of the collective g
behaviour of its constituent neurons. This is the -
vation for investigating the network dynamics of n
neurons. Depending upon one’s purpose, such ‘neu
may be either, extremely simple binary thres
activated elements, or, described by a set of col
partial differential equations incorporating det
knowledge of cellular physiology and action pote
propagation. However, both simplifying and rea
neural models are based on the theory of nonl
dynamical systems in high-dimensional spaces'.
development of nonlinear dynamical systems theory
particular, the discovery of ‘deterministic chaos
extremely simple systems — has furnished the theore
tools necessary for analysing non-equilibrium net
dynamics. Neurobiological studies indicating the pre:
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Figure 1. |
(from Churchland and Sejnowski’).
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