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An Approximate Method for Finite Automata Identification
Problem via Higher-Order Elman Neural Networks

KEN TANAKAT and OHMI KAWANISHIt

Identification of an automaton with N states which agrees with a finite set of positive or
negative examples is NP-complete. In order to get a solution approximately via learning
method for neural networks, learning models which can realize any finite automata within N
states are needed. In addition, the learning models need to determine the assignment of initial
state for final states set. In this paper, we propose a approximate method which can satisfy
the limitation of states. The neighbourhoods of {(p1,p2,:--,2r, - n1) i pi € {0,1}} vertices

in rlogz N1 dimensional space are regarded as gathering points. We propose Higher-Order
Elman Neural Network with output unit which assigns the initial state. We derive a learning
algorithm which can determine the assignment by use of gradient method. We show that our
learning model can identify the automata in a ratio from 11% to 93% within provided number
of states by computer simulation .
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Fig.2 The minimum automata of Tomita’s Grammar.
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Table 1 The results of identification for Tomita’s Grammar.

| R | CPINURM | BiThE | REbE | PHEHEEK | 1 2 3 51617
BH1 1 0.0256 85 3 35 32 | 38 12 3 0 0|0
BH2 2 0.0324 47 2 119 0 21 13 6 5 2|0
HH 3 4 0.0532 14 0 182 0 0 3) | 11 1] 0|0
BH 4 3 0.0409 14 0 85 0 0 7 1 0|1
BEHS5 3 0.0732 17 2 301 0 0 8 6 3 0|0
HH6 4 0.0697 36 0 215 0 0 0 19 {13 (4|0

K2 BRARBEHIOBEGOEEER (RE1L=v F2)
Table 2 The identification results in 3 states finite
automata (2 state units).
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Table 3 The identification results in 1 states finite
automata (1 state units).
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K4 BARERS OBESOREER (KL= v M3)

Table 4 The identification results in 5 states finite automata (3 state units).

| R | FHNGEE | BRI | REE | FHEHER | 1 2 3 4 5
EH1 1 0.0182 67 1 38 28 {30 | 5 4 0
EH2 2 0.0243 39 5 187 0 | 18| 10 | 8 3
HH 3 4 0.0725 20 0 83 0 0| ®|15] 2
BEH4 3 0.0601 28 0 87 0| 0| 16| 7 5
EH5 3 0.0744 21 1 332 0 0|11} 8 2
EH6 4 0.0807 19 0 202 0 0 0 9 | 10
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Table 5 The identification results in 2 states finite automata (2 state units).
ok | RERC | BT 1 2 | FHEHEK
B 1 1 73 | 24 | 37 12
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EH3 4 1 0 1 1)
BH4 3 22 ol o 22
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BH 6 4 0 0 0 0
®6 MHRBHLATOHR (RE1=y M 3)

Table 6 The effect of initial state assignment (3 state units).
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