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| ABSTRACT: One popular leaming algorithm for feedforward neural networks is the backpropagation (BP) algorithm
which includes parameters, learning rate (v), momentum factor (o) and stespness parameter (A). The appropriate
selections of these parameters have large effect on the convergence of the algorithm. Many techniques that adaptively
adjust these parameters have been developed to increase speed of convergence. In this paper. we shall present several
classes of learning automata (LA) based solutions to the problem of adaptation of BP algorithm parameters. By
interconnection of LA 1o the feedforward neural networks, we use LA base scheme for adjusting the parameters n, o,
and A based on the observation of random response of the neural nerworks. One of the important aspects of proposed
schemes is its ability to escape from local minima with high possibility during the training period. The feasibility of
I proposed methods are shown through the simulations on several problems.

I. INTRODUCTION

BP algorithm is a systematic method for training multilayer neural networks [Rumelhart 1986]. Despite the many
successful applications of BP, it has many drawbacks. For complex problems it may require a long time to train the
networks, and it may not train at all. Long training time can be the result of the non-optimum values for the parameters
of the training algorithm. It is not easy to choose appropriate values for these parameters for a particular problem. The
parameters are usually determined by trial and error and using the past experiences. For example, if the learning rare is
too small, convergence can be very slow, if too large, paralysis and continuos instability can result. Moreover the best
value at the beginning of uaining may not be so good later. Thus several researches have suggested algorithms for
automatically adjusting the parameters of training algorithm as training proceeds.
Arabshahi et al. [Arabshahi 1992] proposed an BP algorithm in which the learning rate is adapted. They proposed that
the learning rate to be adjusted using a fuzzy logic control system. Kandil et al. [Kandil 1993] used optimum, time-
varying learning rate for multi-layer neural metwork by linearizing the neural network around weight vector at cach
iteration. Parlos et al. [Parlos 1994] proposed an accelerated learning algorithm for supervised training of multi-layer
neural networks named adaptive BP algorithm. In their proposed algorithm the leamning rate is a function of the error
and the error gradient. Darken and Moody [Sarkar 1995], Solmon [Sarkar 1995], Fallside and Chan [Sarkar 1995] has
proposed other schemes for adaptation of learning rate. Sperduti and Starita [Sperduti 1993] proposed an BP algorithm
in which the steepness parameter is adapted using gradient descent algorithm. Several LA based procedures have been
also developed [Menhaj 1994][Menhaj 1996)[Menhaj 1996][Menhaj 1997](Beigy 1997][Beigy 1998). In these
methods variable structure learning automata (VSLA) or fixed structure learning automata (FSLA) have been used to
find the appropriate values of parameters for the BP algorithm. In these schemes either a separate LA is associated to
- each layer of the network or a single LA is associated to the whole network to adapt the appropriate parameters. It is
: shown that the learning rate adapted in such a way not only increases the rate of convergence of the network but it
£ . bypasses the local minimum in most cases.
s In this paper, we propose two new classes of LA based schemes for adaptation of appropriate learning rate or steepness
parameters for BP algorithms. Unlike the existing LA based schemes, in these schemes one LA is assigned to every link
or every neuron in the network for determining the parameters for that link or neuron. The simulation results show the
feasibility of the proposed method and its superiority to the existing LA based schemes. The proposed schemes have two
important aspects: higher speed of convergence and a high probability of escaping from the local minima. In order to
evaluate the performance of proposed schemes simulations are carried out on four learning problems: digit recognition
: [Sperduti 1993], encoding [Rumelhart 1986], odd parity[Rumelhart 1986], and symmetry problems [Rumelhart 1986)
and the results are compared with results obtained from standard BP. These problems are chosen because they posses
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