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Abstract—This paper describes a neural network with lateral inhibition, which exhibits dynamic winner-take-all
(WTA) behavior. The equations of this network model a current input MOSFET WTA circuit, which motivates the
discussion. A very general sufficient condition for the network to have a WTA equilibrium point is obtained and
sufficient conditions for the network to converge to the WTA point are presented. This gives explicit expressions for
the resolution and lower bound of the input currents. We also show that whenever the network gets into the WTA
region, it will stay in that region and settle down exponentially fast to the WTA point. This provides a speed up
procedure for the decision making: as soon as it gets into the region, the winner can be picked up. Finally, we show
that this WTA neural network has a self-resetting property. Copyright ©.1996 Elsevier Science Ltd
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1. INTRODUCTION

Neural networks which pick the maximum from a
collection of inputs are known as winner-take-all
(WTA) networks (Feldman & Ballard, 1982). The
operation of these networks is a mode of extreme
contrast enhancement where only the maximally
stimulated neuron responds and all other neurons
in the network are inhibited. Such networks have
been used extensively in decision making, pattern
recognition, and competitive-learning networks, and
general-purpose  self-organizing neural networks
(Nabet & Pinter, 1991; Sheu et al., 1992; Choi &
Sheu, 1993; Kohonen, 1993; Haykin, 1994; Kaski &
Kohonen, 1994 and references therein). The WTA
networks have also been used in various signal
processing applications, including image feature
extraction (Mahowald & Delbruck, 1989), nonlinear
inhibition (Lazzaro et al., 1989), Hamming network
(Robinson et al., 1992), subthreshold-region signal
processing (Andreaou et al., 1991), silicon binaural
hearing (Mead et al, 1991), image processing
applications (Lee & Sheu, 1991), and video compres-
sion (Fang et al., 1992).

The current literature frequently describes WTA
networks that are constructed using lateral inhibition
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among the neurons so that the system is a competitive
neural network. Intuitively, if the competitive system
is initiated from a fair start with sufficiently strong
inhibition, the players in this competition will go to
two extremes: win or lose, so that WTA behavior can
be expected (Grossberg, 1973). However, if the lateral
inhibition is weak or lateral excitation is involved in
the competition, the dynamics of the system can be
very complex as illustrated by Ermentrout (1992) and
Lemmon and Kumar (1989). Thus, conditions for
WTA behavior are desirable for the practical design
of such neural networks. There are many strategies
for WTA network designs. MAXNET (Lippmann,
1987) is an architecture of mutual inhibition to select
a maximum, though its efficiency and implementation
are a problem. Motivated by self-organizing algo-
rithms, some iterative neural networks are designed
to pick the largest number in a data set (Yen et al.,
1994, 1995 and references therein). Although these
networks are convenient for computer computation,
they may be very hard to implement in analog
hardware. A number of investigations on analog
implementation have been undertaken and electronic
networks have been designed to implement the WTA
function. Lazzaro et al. (1989) developed a current—
input voltage—output WTA circuit using MOSFET
transistors. This circuit has the advantage that it has
O(N) interconnections. However, the paper only
analyzed the circuit at steady-state and did not
provide the dynamic analysis, which is obviously a






