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This paper investigates the convergence theorems that are associated with a Discrete
Hopfield Neural Network (DHNN) with delay. We present two updating rules, one for
serial mode and the other for parallel mode. The speed of convergence of these proposed
updating rules is faster than all of the existing updating rules. It has been proved in this
paper that a DHNN with delay will converge to a stable state when operating in a serial
mode if the matrix of weights of the no-delay term is symmetric. In addition, it has been
proved that they will converge to a stable state when operating in a parallel mode if the
matrix of weights of the no-delay term is a symmetric and non-negative definite matrix.
The condition for convergence of a DHNN without delay can been relaxed from the need
to have a symmetric matrix to an even weaker condition of having a quasi-symmetric
matrix. The results in this paper extend both the existing results concerning the con-
vergence of a DHNN without delay and our previous findings. By means of the new
network structure and its convergence theorems, we propose a local searching algorithm
for combinatorial optimization. We also relate the maximum value of a bivariate energy
function to the stable states of a DHNN with delay, which generalizes Hopfield’s energy
function. Moreover, for the serial model we give the relationship between the conver-
gence of the energy function and the convergence of the corresponding network. One
application is presented to demonstrate the higher rate of convergence and the accuracy
of the classification using our algorithm.
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1. Introduction

Recently, the convergence of various connectionist models has been investigated
by researchers in many fields. These models include DHNNs,?46:10 Continuous
Hopfield Neural Networks (CHNNs),3%15 and networks with delay.®%!3 Since
Hopfield and Tank!'! first applied CHNNS to a traveling salesman problem, CHNNs
have been demonstrated to have the capability of providing powerful approaches
for a wide variety of combinatorial optimization problems.'® However, Hopfield

515



Convergence Analysis of a DHNN with Delay and its Application 533

time intervals. The algorithm using a DHNN with delay is given in different forms.
We apply this algorithm to the problem of finding a minimum cut (MC) and to
the problem of refining fuzzy production rules. New rules can be generated that
exhibit an increased robustness, and the training data can be correctly classified,
which results in significant improvements.
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