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Realization of associative memory using chaotic neural network via
phase space compression
MIAO Zhi-qiang, WANG Yao-nan

(College of Electrical and Information Engineering, Hunan University, Changsha Hunan 410082, China)

Abstract: We develop the necessary and sufficient conditions for a chaotic neural network to converge to the stored
target patterns. The upper and lower limits of the corresponding parameters in the phase space compression control method
are obtained. An associative memory scheme is proposed through the analysis of simulation results. The scheme is realized
by changing the corresponding parameters in the phase space compression control method. These results are validated by
simulations.
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2 (Chaotic neural network
model)

Aihara
[4].

. i

:

xi(t + 1) = f(ηi(t + 1) + ζi(t + 1)), (1)

ηi(t + 1) = kfηi(t) +
N∑

j=1

wijxj(t), (2)

ζi(t + 1) = krζi(t) − αxi(t) + ai, (3)

: xi(t + 1) t + 1 ,
ηi(t+1) ζi(t+1) ,

, kf

: 2010−09−27; : 2010−12−29.
: (60835004).
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, kr , α ,
αi i , f(·) ,

ε Sigmod , f(y) = 1/(1+exp(y/ε)),
wij i j ,

1 , 1(a)∼1(d) 4 [1],
X1, X2, X3, X4, :

wij =
1
4

4∑
p=1

(2Xp
i − 1)(2Xp

j − 1). (4)

1 (a)∼(d) 4 , (e) (f) (c) (d) 20% , X5 X6

Fig. 1 (a)∼(d) are four stored patterns, (e) and (f) are noisy patterns, generated with 20% noise from (c) and (d), noted X5 and X6

10×10 , 100
,

, ,
· .

:

Hp =
100∑
i=1

|xi − Xp
i |. (5)

,
, ,

.
.

kf = 0.2, kr =0.95, α=10, αi =2(i = 1, 2, · · ·,
100) , [1].

, (1)∼(3)

xi(t + 1) = f(Hi(x(t)) + Ii(ζi(t), xi(t))), (6)
ζi(t + 1) = krζi(t) − αxi(t) + ai, (7)

:
Hi(x(t)) =

N∑
j=1

wijxj(t) + kfxi(t),

Ii(ζi(t), xi(t)) = ζi(t + 1) − kfζi(t) =
(kr − kf)ζi(t) − αxi(t) + ai.

Hi(x(t)) Hopfield ,
,

; Ii(ζi(t), xi(t)) ,
,

; ,
.

3 (Con-
trolling chaotic neural network based on
phase space compression)

,
, .

3 [11]: ηi

; ζi ; ηi ζi .
ζi ,

, ηi

,
. ζi ηi

.
:

xi(t + 1) = f(ηi(t + 1) + ζi(t + 1)), (8)

ηi(t + 1) = kfηi(t) +
N∑

j=1

wijxj(t), (9)

ζi(t + 1) = krζi(t) − αxi(t) + ai, (10)

ζi(t + 1) =

⎧⎪⎨
⎪⎩

a, ζi(t + 1) � a,

ζi(t + 1), a � ζi(t + 1) � b,

b, ζi(t + 1) � b.

(11)

(11) ζi(t + 1)=C[ζi(t + 1)],

xi(t + 1) = f(Hi(x(t)) + Ii(ζi(t), xi(t))), (12)

ζi(t + 1) = krζi(t) − αxi(t) + ai, (13)

:

Hi(x(t)) =
N∑

j=1

wijxj(t) + kfxi(t),

Ii(ζi(t), xi(t)) = C[ζi(t + 1)] − kfC[ζi(t)].

, ,
ζi(t + 1) ,

,
, ; ,

, ( )
,

. , ζi(t + 1)
, ,

,
; , ζi(t + 1)
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, .
, , ζi(t + 1)

, .
, ,

, ζi(t + 1)
: ( ) ,

ζi(t + 1)
.

,
Logistic

:
. ,

.
ζi(t + 1) ,

. , ζi(t + 1)
, ,

. ,
ζi(t + 1)

,
, .

:
, ζi(t + 1)

.
, ,

(11) a

b .

4
(Parameters design and circuit implemen-

tation )

a b :

ζi(t + 1) =

⎧⎪⎨
⎪⎩

a,

ζi(t + 1),
b,

ζi(t + 1) � a,

a � ζi(t + 1) � b,

ζi(t + 1) � b.

2 , a b

.
f(y) = 1/(1 + exp(y/ε)), ε → 0 ,

f(y) =

{
0,

1,

y > 0,

y < 0.

f (·) , |Ii(ζi(t), xi(t))|
< |Hi(x(t))| ,

xi(t + 1) = f(Hi(x(t)) + Ii(ζi(t), xi(t))) =

f(Hi(x(t))).

, Hi(x(t))
. , t0

, , :{
|Ii(ζi(t), xi(t))| < |Hi(x(t))|,
1 � i � N, t > t0, p ∈ {1, 2, 3, 4}. (14)

, , x(t) = Xp,
:{
|Ii(ζi(t), X

p
i )| < |Hi(Xp)|,

1 � i � N, p ∈ {1, 2, 3, 4}. (15)

(15) :

|Ii(ζi(t), X
p
i )| < min

1�i�N
|Hi(Xp)|, p ∈ {1, 2, 3, 4}.

(16)

(16) , ,
Lp = min

1�i�N
|Hi(x(t))| .

Lp = min
1�i�N

|Hi(x(t))|
1.

1 4 Lp

Table 1 The Lp parameters of four stored patterns

X1 X2 X3 X4

Lp 9 11 10 9

,

|Ii(ζi(t), X
p
i )| < min

1�i�N
|Hi(Xp)|, p ∈ {1, 2, 3, 4},

:

Ii(ζi(t), xi(t)) = C[ζi(t + 1)] − kfC[ζi(t)],

ζi(t + 1) = krζi(t) − aXi(t) + ai.

, :
x(t) Xp , (ζi(t))

a b.
Xp

i = 1, (ζi(t)) a;
Xp

i = 0, (ζi(t)) b.
x(t) Xp ,

ζi(t + 1) = krζi(t) − aXp
i + ai.

1) Xp
i = 1, ζi(t + 1) = krζi(t) − 8.

ζi(t)>−160 , ζi(t + 1)<ζi(t) . (ζi(t)
> −160 , a > −160

). ζi(t) , ζi(t) ,
ζi(t) a.

2) Xp
i = 0, ζi(t + 1) = krζi(t) + 2.

ζi(t) < 40 , ζi(t + 1) > ζi(t) (ζi(t)
< 40 , b <40 ).

ζi(t) , ζi(t) , ζi(t)
b.



11 : 1661

, . .
, (16),

a b :⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

a > − Lp

1 − kf

,

b <
Lp

1 − kf

,

a < b.

(17)

(17) a b 2 .

2 ,
a b

Table 2 The extreme value of parameters a and b

when steady state is one of the four
stored patterns

X1 X2 X3 X4

a −11.25 −13.75 −12.5 −11.25

b 11.25 13.75 12.5 11.25

.
, 2. ,

2 ζi(t + 1) .

2
Fig. 2 A two-way limiter circuit and its transmission

characteristics

2 , a � −13.75 b � 13.75,
. 3 4

.

5 (The simulating results
and its analysis )

a b

, a b , ,
, 3∼15.

3 a = −13.75, b = 1 , 4

Fig. 3 The Hamming distances between the output pattern of the network and the four stored patterns, when a = −13.75 and b = 1
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4 a = −1, b = 13.75 , 4
Fig. 4 The Hamming distances between the output pattern of the network and the four stored patterns, when a = −1, b = 13.75

3 a = −13, b = 13 ,
Table 3 The output pattern of the network

when a = −13, b = 13

X1 X2 X3 X4 X5 X6

X2 X2 X2 X2 X2

4 a = −12.5, b = 13 ,
Table 4 The output pattern of the network

when a = −12.5, b = 13

X1 X2 X3 X4 X5 X6

X2 X2 X2 X2 X2 X2

5 a = −13, b = 12.5 ,
Table 5 The output pattern of the network

when a = −13, b = 12.5

X1 X2 X3 X4 X5 X6

X2 X2 X2 X2 X2 X2

6 a = −12.5, b = 12 ,
Table 6 The output pattern of the network

when a = −12.5, b = 12

X1 X2 X3 X4 X5 X6

X2 X2 X2 X2 X2 X2

7 a = −12, b = 12 ,
Table 7 The output pattern of the network

when a = −12, b = 12

X1 X2 X3 X4 X5 X6

X2

8 a = −11, b = 11.5 ,
Table 8 The output pattern of the network

when a = −11, b = 11.5

X1 X2 X3 X4 X5 X6

−X1 X2 X3 −X1 −X2 X3

9 a = −11, b = 11 ,
Table 9 The output pattern of the network

when a = −11, b = 11

X1 X2 X3 X4 X5 X6

−X1 X2 X3 −X1 −X2 X3

10 a = −10, b = 10 ,
Table 10 The output pattern of the network

when a = −10, b = 10

X1 X2 X3 X4 X5 X6

−X1 X2 X3 −X1 −X2 X3
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11 a = −9.5, b = 9.5 ,
Table 11 The output pattern of the network

when a = −9.5, b = 9.5

X1 X2 X3 X4 X5 X6

X1 X2 X3 X4 −X2 X1

12 a = −9, b = 9 ,
Table 12 The output pattern of the network

when a = −9, b = 9

X1 X2 X3 X4 X5 X6

X1 X2 X3 X4 −X2 X1

13 a = −8, b = 8 ,
Table 13 The output pattern of the network

when a = −8, b = 8

X1 X2 X3 X4 X5 X6

X1 X2 X3 X4 −X2 X4

14 a = −7, b = 7 ,
Table 14 The output pattern of the network

when a = −7, b = 7

X1 X2 X3 X4 X5 X6

X1 X2 X3 X4 −X2 X4

15 a = −6, b = 6 ,
Table 15 The output pattern of the network

when a = −6, b = 6

X1 X2 X3 X4 X5 X6

X1 X2 X3 X4 X3 X4

5∼7 , a �−12, b � 12 ,
, , X2.

X2 Lp , a b ,
X2 ,

.

8∼15 ,
a b

. 8∼ 10 , a � −10, b � 10 ,
a b ,

, ,
.

a b ,

.

, , a

b , X6 X1, X2, X3,
X4 .

,
. ,

X6 , a b

Lp = min
1�i�N

|Hi(x(t))| ,

16 .

16 X6 ,

Table 16 The corresponding parameters of the
steady output pattern of the network
when initial pattern is X6

X2 X3 X1 X4

Lp 11 10 9 9
a −13 −10 −9 −8
b 13 10 9 8

, 4 ,
A1, A2, A3, A4 X1, X2, X3,

X4 .

5

Fig. 5 Pattern matching using chaotic neural network

6 (Conclusion)
, ,

.
,

, .
,

.
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