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Abstract

This paper demonstrates that the recurrent neural
be the

identification of finite automata (FAs). A new type

networks can used successfully for

of recurrent neural network (RNN) is proposed and

the offline training algorithm, regulated Levenberg

-Marquadt (LM) algorithm, for the network is
developed. Simulation result shows that the
identification and the extraction of FAs are

practically achievable.

I. Introduction

The study of natural systems begins and ends
with the specification of observables belonging to
such a system, and a characterization of the
manner in which they are linked [1]. Most of the
systems in nature are nonlinear and dynamical,
which means that by applying linear and static
models, it is not probable to identify the systems
in the real world. For decades, recurrent neural
(RNNs)

complete this kind of task and it was proven that

networks are successfully utilized to
RNNs can approximate any kind of nonlinear
dynamical systems [2].

In case of identifying a nonlinear dynamical
system of which time and state space are both
discrete, we call the system as an automaton,
and normally we deal with finite automata (FAs)
which have a finite number of states. Systems

with infinite number of states is not practical.

067

We
propose a new type of RNN that is adequate to

This paper deals with identifying FAs.
identify FAs and a training algorithm. In the end
of the paper, the simulation results are shown to

prove that the proposed method works.
II. Proposed Network

Fig. 1(a) shows the Moore version of the network
and Fig. 1(b) shows the Mealy version of it. ult] is
the input and y[t] is the output of the network at
time ¢, and we specify x[t] as the state of the

system at time ¢.
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Fig. 1. Proposed network.
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The output of the Moore version is
ylt] = @{W4W(W3x[t] + bs)"’ b4}
and the output of the Mealy version is
Y[t] = @{W490(W1’“[t] + ng[t - 1] + b})+ b4}’ (2)
where
x[t] = p{wyp(wiult] + wx[t— 1]+ b))+ b}, 3)

and ¢ is the transfer function of the neurons. The

(1)

transfer function can be chosen properly. It can be

linear, logistic, or hard-limited depending on the

purpose. Here, we set it logistic.
IM. Training Algorithm

The (LM)

known to be very effective algorithm on training

Levenberg-Marquadt algorithm is
neural networks including RNNs [3]. However, we
need to change a little bit on the cost function
because we need to have finite states. Therefore,

the cost function should be
a 2
=1t =yl 12+ 1 1-x21] 12), @
t=0
where t[t]

Jacobian of the modified cost function is
aylt] 2"”‘[“;;[15]]

ow
IV. Simulation Result

the

Thus,

i1s the target at time ¢.
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Fig. 2. A FA to be identified.

k
Fig. 3. The observed data and the actual output of a RNN.
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Fig. 4. The generalization performance test

The observed data from a FA in Fig. 2 is shown
in Fig. 3. The observed input and output is depicted
as black bars. The half of the output of the network
is depicted as white bars. It can be seen that they
are perfectly correspond.

Fig. 4
network. We can see that the desired output (black

shows the generalization test of the
bars) and the actual network output (white bars)
correspond here, too. Therefore, we can say that the

network identified the FA completely.

V. Conclusion

We proposed the general method to identify FAs
using RNNs. We also proposed the regulated LM
algorithm instead of using heuristic algorithm which
long by applying the
The

simulation result proves that the proposed method is

makes the training time

additional term and modified Jacobian.

practically achievable.
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