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An Associative Memory Model

Which Discovers, Memorizes and Forgets an Underlying Rule

in Quasi-Cyclic Temporal Sequence Data

By

Hiroshi Wakuya and Yoshitaka Fukue

Abstract : Generally speaking, a serial order from the present to the next is quite important,

when we memorize temporal sequence data. Also, we can ånd out an underlying rule in quasi-cyclic

temporal sequence data and extract it easily, even if the conventional engineering systems are hard to

deal with. In this paper, therefore, an associative memory model to complete these kinds of functions

is considered. As a result of computer simulations, it is found that the proposed model shows good

performance to discover and memorize some cyclic sequence successfully from the given quasi-cyclic

temporal sequence data. Furthermore, when a new underlying rule is presented, the proposed model

can memorize the new one and forget the old one successfully.

Key words : associative memory, temporal sequence, quasi-cyclic data, underlying rule, forgetting
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wijxj
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A (1)

f(z) =

(
+1 ; zA0

Ä1 ; z < 0
(2)
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[p] = x
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wij(n) = wij(nÄ 1) + xi(n)xj(nÄ 1) (5)

wij(0) = 0 (6)

�ÕeP#�K"1PTËÌÍwxfx(n) j n =
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xi(t) = f

0
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wij(nmax)xj(tÄ 1)

1
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wij(n) = k1wij(nÄ 1) + k2xi(n)xj(nÄ 1) (8)
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k1 = 1Ä k; k2 = 1 (10)
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Table 1�hiú$�©	W�O�
�A÷£b�õö

(a) ÌÍ#1

� present

� x
[1]

x
[2]

x
[3]

x
[4]

x
[5] total

x
[1] 0 3 2 1 14 20

x
[2] 14 0 3 2 1 20

next
x
[3] 1 14 0 3 2 20

x
[4] 2 1 14 0 3 20

x
[5] 3 2 1 14 0 20

total 20 20 20 20 20 100

(b) ÌÍ#2

� present

� x
[1]

x
[2]

x
[3]

x
[4]

x
[5] total

x
[1] 0 2 1 14 3 20

x
[2] 3 0 2 1 14 20

next
x
[3] 14 3 0 2 1 20

x
[4] 1 14 3 0 2 20

x
[5] 2 1 14 3 0 20

total 20 20 20 20 20 100
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Table 2�W�OPThiúËÌÍ$�©A�Ô��ð

(a) ÌÍ#1

� present

� x
[1]

x
[2]

x
[3]

x
[4]

x
[5] total

x
[1] 0 2 3 1 14 20

x
[2] 16 0 1 2 1 20

next
x
[3] 1 16 0 3 2 22

x
[4] 1 1 17 0 1 20

x
[5] 3 0 1 14 0 18

total 21 19 22 20 18 100

(b) ÌÍ#2

� present

� x
[1]

x
[2]

x
[3]

x
[4]

x
[5] total

x
[1] 0 2 0 14 5 21

x
[2] 2 0 1 0 15 18

next
x
[3] 17 3 0 1 1 22

x
[4] 0 13 2 0 1 16

x
[5] 2 1 19 1 0 23

total 21 19 22 16 22 100

Sp(t) =
1

N

NX
i=1

xi(t)x
[p]
i (11)

	¦þ���A;�U	�9��
�Ô

pÉ(t) = argmax
p

Sp(t) (12)
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�O�T5&Aº©��fx[p] j p = 1; 2; 3; 4; 5g
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Table 3�W�OPThiúËÌÍ$�©	ú��hi�T�JA7°

(a) ÌÍ#1

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.14 0.16 0.18 0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

10 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

20 const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

30 const const const const const const const suc-1 const const const suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 repeat const const const const const const const

40 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

50 suc-1 suc-1 suc-1 suc-1 suc-1 const const const const const const repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

60 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 repeat repeat repeat repeat repeat repeat

70 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 repeat repeat repeat repeat const

80 suc-1 suc-1 suc-1 suc-1 suc-1 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat suc-1 repeat repeat repeat repeat repeat

90 suc-1 suc-1 suc-1 suc-1 const const repeat const suc-1 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const

100 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 const const const const const const const const const

forgetting coefficient  kiteration

t

(b) ÌÍ#2

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.14 0.16 0.18 0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

10 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const

20 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 const suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat const const const const const

30 const const suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const

40 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat

50 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 const const const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

60 suc-2 suc-2 const const repeat repeat repeat repeat repeat repeat repeat const const const const const const repeat repeat repeat repeat repeat repeat repeat const

70 suc-2 suc-2 suc-2 suc-2 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

80 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat const const const const const const

90 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

100 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const

forgetting coefficient  kiteration

t

const :��������	
���
���������������
repeat :��������	
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��&'(��
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(a) ,ÕU	Q�T:A

|{ ÌÍ#1�k = 0:07; t = 90A�J |{
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(b) �ÕA�Ô�_��TÙÚb�:A

|{ ÌÍ#1�k = 0:20; t = 90A�J |{
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(c) \�gW��T:A

|{ ÌÍ#1�k = 0:03; t = 90A�J |{
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0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.12 0.14 0.16 0.18 0.20 0.25 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

10 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

20 const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

30 const const const const const const const suc-1 const const const suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 repeat const const const const const const const

40 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

50 suc-1 suc-1 suc-1 suc-1 suc-1 const const const const const const repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

60 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 repeat repeat repeat repeat repeat repeat

70 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 repeat repeat repeat repeat const

80 suc-1 suc-1 suc-1 suc-1 suc-1 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat suc-1 repeat repeat repeat repeat repeat

90 suc-1 suc-1 suc-1 suc-1 const const const const suc-1 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const

100 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 suc-1 const const const const const const const const const

110 suc-1 suc-1 suc-1 const const const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const

120 suc-1 const const const const const const const const const const suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat const const const const const

130 suc-1 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const

140 const const repeat const suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat

150 const const const const const const const const const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

160 const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const

170 const repeat const const const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

180 const const repeat suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat const const const const const const

190 const repeat repeat suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

200 const const suc-2 suc-2 suc-2 suc-2 const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const

210 const const suc-2 suc-2 suc-2 const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

220 const const suc-2 const suc-2 suc-2 suc-2 suc-2 const const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const

230 const const suc-2 suc-2 suc-2 const const const const const repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const const const const

240 const suc-2 suc-2 suc-2 suc-2 const const const suc-2 const repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const const const

250 const suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat

260 repeat suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

270 repeat const const suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat

280 repeat const suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const const

290 const suc-2 repeat repeat const const const const const const const const const repeat repeat repeat repeat repeat repeat repeat repeat const const const const

300 const suc-2 suc-2 suc-2 repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat repeat const const
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