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Abstract: The analytic criteria for the local activity theory in one-port cellular neural network (CNN) with five local state variables are
presented. The application to a Hyper-chaos synchronization Chua's circuit (HCSCC) CNN with 1 125 variables is studied. The bifurca-
tion diagrams of the HCSCC CNN show that they are slightly different from the smoothed CNN with one or two ports and four state vari-
ables calculated earlier. The evolution of the patterns of the state variables of the HCSCC CNN is stimulated. Oscillatory patterns, chaotic
patterns, convergent or divergent patterns may emerge if the selected cell parameters are located in the locally active domains but nearby

or in the edge of chaos domain.

Key words: cellular neural network; local activity; Hyper-Chaos Synchronization; Chua's circuit; five state variables; chaos

(This project is jointly supported by the National Natural Science Foundation of China (Grant No. 60074034) and the Foundation for

University Key Teacher by the Ministry of Education of China.]

1 Introduction

The concept of local activity for reaction-diffusion
CNN was first presented by Chua [1, 2]. The funda-
mental local activity theorem asserts that a wide spec-
trum of complex behaviors may exist if the correspon-
ding cell parameters of a CNN are chosen in, or nearby,
the edge of chaos domains. It has been successfully ap-
plied to various research areas in complex patterns and
structures with significant physical, biological and en-
gineering implications [3-16].

In this paper, the analytic criteria for testing the local
activity of the CNN's with five state variables and one
port are set up. As an application of the analytic cri-
teria, a modified dual-layer two-dimensional reaction-
diffusion CNN with one port and 1 125 arrays named
HCSCC CNN has been introduced. The bifurcation di-
agrams of the HCSCC CNN have been calculated,
which are slightly different from those of the modified
dual-layer two-dimensional reaction-diffusion CNN
with four state variables and one port or two ports [7,
12]. The numerical calculations show that the trajector-
ies of the 1125 local state variables of the HCSCC
CNN can exhibit oscillatory patterns, chaotic patterns,
or divergent patterns and with general synchronization
characteristics if the selected cell parameters are loc-
ated in the locally active unstable domains but nearby
or in the edge of chaos domain.
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2 Analytical critria of local activity

For a one-port CNN cell, the corresponding local
state equations with "5" state variables have the form:

V.= AV A AVt L, ()
Vi=A.V,+ AV, (2)
where
V.=, Vo=V i VaVsl', L=[1],
A= a,], Aw=la:asanas),

an an ap Gn  Qx
Aba— asy , Abb: as ass Az ass '

ag An Ay A Qs

as as» as3 QAsy ass

The corresponding CNN cell impedance Zy(s) is
given by reference [1, 2]:
Zél(s) = YQ(S)
=(sI-A.)—AnsT—Aw) A

_._ _Ts&+Ks+Ls+4, 3)
TS T G TY+Ks +Ls+ A (

where T, T\, K,K,, L, L,, 4,4, are the functions of a,'s.

Lemma 1 {1, 2] A one-port reaction diffusion CNN
cell is locally active at a cell equilibrium point Q if, and
only if, its cell impedance at Q satisfies at least one of
the following 4 conditions:
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{1) ¥,(s) has a pole in Re[s] > 0.

(2) Y(iw) = Vyliw)+ ¥(iw) < 0 for some w=aw,,
where w, is any real number.

(3) Y,(s) has a simple pole s=iw, on the imaginary
axis, where its associated residue matirx

lim{s—iw,) ¥,(s), if w, <o

& limYy(io)io,  ifo,~o

is either a complex number or a negative real number.
(4) ¥,(s) has a multiple pole on the imaginary axis.

Definition 1 Define a=[ao,a:,"",d.-1],
pls,a)=s"+a,..5'+-+as+a,
H,={aER" p(s,a)=0=>Re[s] >0 }.

Lemma 2 For any integer n,

(i) #,€R" is an open set.

(ii) #, is a connected component of R"\0 ;.

Lemma 3 The boundary of #;, denoted by 0%,
consists of a€ R” such that p(s, a) has at least one root
in iR.

Lemma 4
a}ﬁ = {[QDq:, q.92 Go T G2, %]5 qo, 415 q> 20}:

Hi={[aw ar, ar as]: aiaaa,> @i+ asdl, as, ay, azya;>0}.

Theorem 1 A necessary condition for

T|S3+K|SZ+L|S+A1
sHTs+Ks*+Ls+A4

to satisfy conditon 1 of Lemma 1 is

(Dai[4,L,K, TIE R\{H;U0;}.

YQ(S)ZS—'a”—

A sufficient condition for Y,(s) to satisfy condition 1
in Lemma 1 is that ¥,(s) satisfies condition (I) and one
of the following conditions holds

() T, +0and [4/T,,L/T,,K,/T\ JEH;U0;
(i) T'=0,K, # 0 and [4,/K,, L/K,|EH;U OH;;
(lll) T| :0,K1 =O,L| * 0 and [A/L.]Eﬂluaﬂl.

In order to set up the analytical criteria for Condition
2 in Lemma 1, the following equalilities are stated in
advance:

hA)=—(IT, — K)X — QF —PA—44, (4)
L _O+(=1JO -3(TT, - K)P ._

4= 3(TT, — K\) »J=1,2 )
Q=TL,+LT, — 4, - KK, 6)

P=LL, — KA, — 4K, (7)

E= —a||,F=—TT|+K1—a||(—2K+TZ) (8)
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G= “a|1(2A+K2_2LT)"A|+LT|—KK1+TL| (9)
H=—a(—24K+L)—LL+KA4+K,4 (10)
I=—a, A4 —A44, (11)
g =EQ+FQ+GP+HQ+] (12)
Fitl_x@, wj:ﬂ%@ (13)
3F G
aozﬁ,ﬁozﬁ (14)
= _%aé+ﬁo (15)
2 H
4= 370-"3 tag (16)
-9 ., D
D="+%7 (7
Al:{_q/2+D|/2}1/3 (18)
A={—ql2 — D"} (19)
Ar = A+4, (20)
A;:W|A| +W2Az (21)
A; =W, A1 + WlAz (22)
Q =47 — a/3 (23)
Q=45 — a/3 (24)
Q=47 — a/3 (25)

Theorem 2 Let the following parameters be defined
via formulae (4)-(25), then ¥j(iw) <0 for some w =,
R if and only if at least one of the following condition
holds.

(i) an>0.

(ii) a,, =0, TT, - K, >0.

(iii) @,,=0,TT, — K,=0,4, — LT, +KK, — TL,>0.

(iv) a,=0,TT,—K,=0,4,—LT,+KK, —TL,<0, and
A44>0.

(v) a=0,TT,—K,=0,4,—LT,+KK,—TL,<0, 44, £ 0,
KA +4K, — LL, <0, and

(LL,—KA,—4K\)*
—LT\+KK,—TL))

(Vl) 011:0, TT] _Kl =O,A1 _LTl +KK| _TL]ZO, and
LLl—KA|_K|A>O.

(Vll) a1|:0, TT| _K1=0,A|—LT1 +KK| _TL|:0,
LL.-KAl—K,ASO, and, AA|>0.

(Vlll) an:O, TT| _K1 <0, and, AA|>0

(ix) @=0, TT, —K,<0, and, 44, <0, but, A} > 0.
and, A(A}) <0 or A7 =0 and A(13)<O0.

(x) D>0, Q2>0 and g(£2,)<0.

>0,

AA1_4(
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(xi) D<0, and

(a) £2,=0 and g(£2,)<0 or

(b) 2,=0 and g(£2.)<0 or

(c) 2,>0 and g(£2;)<0.
(xii) D=0, p=¢=0, 0,<<0, and g(—a,/3)<0.
(xiii} D=0, ¢*/4=—p’/27+0, and

(a) 2,20, g(£,)<0, or

(b) 2,20, g(£2,)<0.

Theorem 3 Forj=1, 2, let
w,=(JK+2J4+(=1\/K = 2/A)12,
w =J(K+(=1)/K — 44)2,

A, =L-3w},

B,=2Kw, —d4w,
A,=4-Kw,
B,=Lw,—Tw,
C=TUL,-TK) —4,+KK.

Then ¥(s) satisfies condition 3 in Lemma 1 if and only
if one of the following conditions holds.

(i) If 4>0, K>2+/4, T=L=0, and
(a) Kiwi—4,#0, or

L1W|_T|Wj >0, or
wi)

(b) Kywi—4,=0 and W=

(c) Kowi—4,#0, or

L]WZ_T|W%

2w:(w?—w§)>0'

(d) K;wi—4,=0 and
(ii) K>0, 4,T#0,4=0, L=KT and 4,/KT<0.
(iii) /Kc#0.

(iv) C=0 and T4 —KK) + KL, TK) o

2K(T*+K)

(v)4=0 and 4,L>0,

(vi) 4#0, K2*—44>0, L = T(K+/K*—44)/2, or
L=TK — /K> — 44)/2, and
(a) A.B,—A,B+0, or

(b) 4,8, — 4,B,=0 and 2= BiB.~ ¢
A4+ B,

Theorem 4 Y,(s) has a multiple pole on the imagin-
ary axis if and only if the following conditions hold.

(1) L=4=0,4,%0.

(i) L=4=K=0,4,*0.

(iii) L=4=K=T=0,K, #0,4,#0.

(iv) T=L=0,K>0,4=(K/2).

3 HCSCC CNN and its bifurcation diagrams

Firstly, a HCSCC CNN with one port and 15x15 ar-
rays is introduced which is similar to the one given in
[11]. It has been found that these HCSCC CNN's might
be the most friendly models, which either have very
complex dynamical behaviors or are studied easily via
the local activity principle.

The HCSCC equations are represented as follows.

d_tl =a[x,—x —bx — a ; b)arctan(le)] (26)
%:x. — X+ (27)
d&‘; = —px, (28)
d(f; = cos(x,)[x, + x; — tan(x,)] (29)
% = c08™xs)[—Bxs. x; — tan(xs)] (30)

where a, f3, a and b are parameters.

Now let us map the HCSCC Equations (26)-(30) into
a 2-dimensional 15x15 HCSCC CNN with one port
(one diffusion constant D,):

X, = alxy, — x,, — bx,, — Lﬂb)arctan(le,,)] +

D[y x50, — 4y, ] 30
Xay = Xy~ Xay X, (32)
Xa, = —Pxa, (33)
X, = €08°(xs, )Xy, + x5, — tan(xs,)] (34)

XSA,/ = cosz(xslj)[le/ +x3y - tan (xSI[)]’ I’] = 15 2""5 15’

(35)

In component form, equations (31)-(35) become
X =11(X,, X, X5, X., X5) + D, VX, (36)
X = (X, X, X, X, X5) 37)
X, =£ (X, X, Xo, X, X5) (38)
X, =f£, (X, Xo, Xo, X, Xo) (39)
X =£(X, X0, X5, X, X) (40)
where
[X, X XL XL XG) =

o[ X,—X,—bX, —(E;—b)arctan(SX,)].

£ (XX X0, X, X0) = X — Xo+ X

£ (X, X0, X5, X0, X5) = —fX..

[1(X, X5, X, Xy, X5) = cos( X)X, + X, — tan(X,)].
(X, X0, X, X0, XS) = cosi(X0)[—BX, + X, — tan(X)].

and V? corresponds to a 225x225 matrix.
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The cell equilibrium points Q,'s of equations (36)-
(40) for the restricted local activity domain [3] can be
determined via equations:

£1(Xu X, X0, Xe, X:) =0 (41)
£(X. X, X5, X, X)) =0 (42)
F(X, X, X, X0, X:) =0 (43)
Fi(X, X0, X5, X0, X5) =0 (44)
f(X, X, X3, Xi, X)) =0 (45)

From equations (41)-(45), it can be concluded that
for any parameter group {a, §, a, b}, there exists at least
one cell equilibrium point Q= (0, 0, 0, 0, 0). On the
other hand, any other cell equilibrium point Q, =
{x1, X2, X3, X4, X5 ) must satisfy the following equations.

x: = 0, x; = _x| (46)
(@a—b) _

{(1+b)x,+ - arctan(5x,) =0 47)

cos “(x,)tan (x;) =0 (48)

cos’(xs)[x; + tan(x;)] =0 (49)

Consequently, it can be obtained by the following
constraint condition.

Constraint condition: If O, is a nonzero equilibrium
point, then O,=—(, is also an equilibrium point, and
the parameters g and b have to satisfy the inequality
(b+1) < 5(b—a)/n (50)

From equations (46)-(49), it follows that the other non-
zero cell equilibrian points have the form:
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where x, is determined by equation (47), and k =0, +1,
£, -,

The cell coefficients a,,,{Q.,)’s are defined via the cor-
responding Jacobian matrix and is given as follows:

'aII(Qi) alz(Qx) an(Qr) am(Q:) aIS(Qz)—
a:(Q) a:x(Q) ax(Q) a:(Q) ax(Q)
A& a;.(Q,) an(Q). an(Q) a: Q) a:(Q)
a4|(Q,) a42(Q.) aas(Q:) au(Q:) aAs(Q:)
ﬂﬂ(Q:) asz(Q,) aSJ(Qi) asa(Q:‘) ass(Qz)_
[ aII(Qi) a;z(Q:) 0 00 ]
azn(Q:) azz(Q:) azs(Q:) 00
=10 auQ) 0 00 (51)
a(Q) 0 as(Q) alQ) 0
L 0 asz(Q:) asz(Q:) 0 ass(Ql)_

where

an:a{—l—[b+1[(51(17(—5)[;))2)]},a,3:a, (52)
an=1l,an=—1,a5=1, an=—pB, ay= cos’x,, (53)
Qs = COS™Xy, Ay = —COS(2x,)— (x,+x;) sind2x,) (54)
as; = —Pcos’xs, as=Ccos’xs,

ass =—c08(2x5) — (—Px,tx;) sin(2xs) (55)

Using Theorems 1-4, constrain condition (50), and
formulae (3)-(4), (51)-(55) the locally active domains,
and edges of chaos of the HCSCC with respect to the
equilibrium points Q, with different cell parameters is
the same as those shown in figure 1 (a) in [11]. The bi-
furcation diagrams of the HCSCC with respect to equi-
librium ponits 0, and Q, (i=3,4,5) are shown in figu-
res 1(a) and 1(b), respectively.

From these graphs, it can be concluded that:

e For all the selected parameter groups, the corre-
sponding bifurcation diagrams do not have locally

-2
-2 -1 0 1

88}

a

Figure 1 Bifurcation diagrams of the HCSCC CNN with parameters a = 10 and § = 15. Edge of chaos domain (black), locally ac-
tive and unstable domain (gray). In the domaim coded with white, no nonzero equilibrinm point exists. Equilibrium points (a) O,

and (b) 0.(i=3,4,5).
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passive domains.

» The bifurcation graphs of the HCSCC with respect
to O, (i=3,4,5) are the same as that shown in figure 1

(b).
4 Dynamic simulations of HCSCC CNN's

Now let us deal with the [5x15 HCSCC CNN's with
the periodic boundary condition and choose, in equa-
tions (31)-(35), a parameter group{a, #} ={10, 15} Fir-
stly, let us simulate the dynamic patterns of the HCSCC
equations. Our simulation results are listed in table 1.
The numerical simulation have shown that the qualitat-
ive behaviors of the HCSCC Equations (26)-(30) and
the HCSCC CNN's are similar if the diffusion parame-
ters D, is small enough. Roughly speaking, if the para-

meters g and b are selected in the edge of chaos (black)
of the equilibrium Q. shown in figure 1(a), the dynamic
behaviors of the corresponding HCSCC CNN's might
be oscillatory, chaotic, or convergent (see table 1), de-
pending on initial conditions. [f the parameters a and b
are chosen in the inner region of the locally active do-
main (gray) shown in figure 1 (a), the corresponding
SCC CNN's may exhibit successively chaotic or oscil-
latory patterns, chaotic or divergent patterns, and con-
vergent or divergent patterns, depending on initial con-
ditions. In the domain which does not satisfy the con-
strain condition (50), oscillatory, divergent or conver-
gent patterns may be generated, depending on initial
condintions and the locations of the patameters @ and b
{see table 1).

Table 1 Cell parameters, equilibrium points (,'s and the dynamic properties of HCSCC CNN'’s

No. a b
1* -1.2 1.00
2% -1.2 0.31
3* -1.2 0.30
4 -12 0.29
5 -1.2 -0.08
6 -1.2 -0.91
7 —-1.2 ~0.94
8 -1.2 -0.99
9 —14 ~1.50
10* -1.4 2.00
11* -14 0.19
12 -1.4 0.17
13 -1.4 0.10
14 ~1.4 -0.92
15 -1.4 ~0.93
16 -14 ~0.94
\7 -1.4 ~0.96
18 1.0 ~1.00

Equilibrium point Pattern
0.3806. 0, —0.3806, 0. 0.3637 10
0.4097, 0, —0.4097, 0, 0.3889 40O
0.4104, 0, —0.4104, 0, 0.3894 a0
04110, 0, —0.4110, 0, 0.3900 TeO
0.4450, 0, —0.4450, 0. 0.4187 1@
1.4727, 0, —1.4727, 0, 0.9743 o
20313, 0, —2.0313, 0, 1.1133 ¢
10.3711,0, -103711, 0. 1.4747 4

6, o0, 0, 0, 0 f
0.3991, 0, —0.3991, 0, 0.3797 4
0.5920, 0, —-0.5920, 0, 0.5345 190
0.5118, 0, —0.5118, 0, 0.473 1 1@)
0.5234, 0, —0.5234, 0, 0.4822 £ 10
28670, 0, —2.8670, 0, 1.2352 g
3.2248. 0, —3.2248, 0, 1.2701 1O
3.7016, 0, —3.7016, 0, 1.3069 Ty
53696, 0, —5.3696, 0, 1.3867 4

0, 0, 0, O, 0 4O

Note: Fixed parameters {a, 8} = {10, 15}, D, =0.01. The symbols ##, 1, O.and @ indicate convergent, divergent, periodic and chaotic
patterns, respectively. i* represents that the cell parameters lie on the edge of chaos domain.

Figures 2 and 3 exhibit, respectively, chaotic and
oscillatory trajectories generated via the HCSCC equa-
tions numbered by 3 listed in table 1 with different in-
itial conditions (x,(0), x:(0), x;(0), x(0), xs(0)) =(0.1,
0.1,0.1,0.1,0.1) and (x,(0), .xx(0), x5(0), x,(0), x5(0)) =
(—0.8828, —0.1004, 6.1887, —arctan(0.1004), atan
(6.198 87). Figures 4 and 5 exhibit, respectively, cha-
otic and divergent trajectories generated via the
HCSCC equations numbered by 6 listed in table 1 with
different initial conditions (x.(0), .x,(0), x:(0), x.{(0),
x(0))=(0.1,0.1,0.1,0.1,0.1) and (x(0), xA0), x5(0),
x0), x(0)) =(10, 10, 10, 10, 10).

Now, let us simulate their corresponding 15x15 SCC

CNN's with periodic boundary conditions.

o The patterns generated by the parameter group No.
3. The parameter group is located in the the edge of
chaos with respect to the equilibrium point 0, (see fig-
ure 1 (a)). Figure 6 shows the chaotic trajectories of
the components of states Xi77, Xor7, Kooy Xup7y Xsv7,0f
the HCSCC CNN are very similar to those of the orig-
inal HCSCC equations (see figure 2). If the gray-scale
color code for the components of the solution of the
HCSCC CNN is defined by figure 7. The graphs of the
time evolution of the patterns of the local state vari-
ables of the HCSCC CNN over the time interval [0,
120] is shown in figure 8. The diffusion parameter D,
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Figure 2 The generalized chaotic synchronization, (a) The
trajectory of variables x,,x; and x;; (b) The trajectory of vari-
ables x,, x, and x.; (¢) The decoded trajectory of variables x,, x,
and x; which is the same as that shown in (a); (d) Variables x,
and x, are in generalized chaotic synchronization via the
transformation tan(x,).

2 1 }
0 0j
o} w |
x x
-2 -1
|
4l -2l -
05 e I 05 5 g
. o ——
y 05 -5 X, X, -05 -5 X,
(a) (b)
04[ 7 I T 7
) !
f 02
x" o ~
c ; x 0
22§ g i
|
G- - 4
. . 5 |
0 "~ 0 -0.4!
tan x, -05 -5 %, 205 o x, 05
(c) (d)

Figure 4 The generalized chaotic synchronization; (a) The
trajectory of variables x,,x, and x;; (b) The trajectory of vari-
ables x,, x, and x:; (c) The decoded trajectory of variables x,, x,
and x: which is the same as that shown in (a); (d) Variables x,
and x, are in generalized chaotic synchronization via the
transformation tan(x,).

is selected as 0.01. The initial condition is chosen as
follows.

0.1, ifi+j=even
x'l,/(O) = .

—0.1, otherwise.

0.1, if i+j=even
x:L/(O) = I : J .

—-0.1, otherwise.

0.1, if i+j=even
©,,(0) ={ ”

—0.1, otherwise.

arctan(0.1), if i+j=even
x,,(0) = .

—arctan(0.1), otherwise.
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10, 2
!
!
x> 0 xho“
|
!
,1(2) .y o 7$J .
O\‘\_, PRt 2 0 L o 2
2 -2 -1 -2
XZ X1 X4 X7
(a) (b)
S
10
d
X S
c 0{ o
8 ‘ g
,13 § ~ -
0 . 0 i — _
tan x, 2 -2 X, -2 0 %, 2
(c) (d)

Figure 3 The generalized periodic synchronization, (a) The
trajectory of variables x,, x; and x,; (b) The trajectory of vari-
ables x,, x, and xs; (c) The decoded trajectory of variables x,, x,
and x: which is the same as that shown in (a); (d) Variables x,
and x, are in generalized chaotic synchronization via the
transformation tan(x,).

1000 12
500 10-
= <
0. \ 8
-500.
100 - 500 W
) - E - 500
0 . 0 10 . 0 °
x. -100 -500 5 500
2 X, X, x
(a) (b)
100- -
1000
\ 50
500
> | 7
g 0 \ c 0
8 i £
— 500
0. T
100 -500 1% 0 100
1 - - N
an x, X, X,
() (d)

Figure S The generalized divergent synchronization, (a) The
trajectory of variables x,, x; and x;; (b) The trajectory of vari-
ables x,, x, and x5; (c) The decoded trajectory of variables x,, x,
and x; which is the same as that shown in (a); (d) Variables x,
and x, are in generalized divergent synchronization via the
transformation tan(x,).

_|arctan(0.1),  if i+j=even

x5u(0) .
l —arctan(0.1), otherwise.

In summary, the HCSCC CNN's introduced in this
paper are, in fact, hyper-chaotic synchronization sys-
tems and have extremly complex dynamic behaviors.
In particular, the emergence of complex patterns of the
HCSCC CNN's can be observed if the corresponding
cell parameters chosen nearby the boundary of the edge
of chaos or the unstable active domain.

S Concluding remarks

The research on emergence and complex has gained



L.Q. Min et al., Analytical criteria for local activity of CNN and application--- 317

2, 1 ’
~ N
~ ~ !
> 0‘ o o{'
£ i
0 %L\“ — o‘%J\\ -
' 0~ —"5 ey ]
-02 -1 -02 -1
X X
2727 177 477 1727
(a) (b)

03 T~ — f
B 1
S e 03 3
-02 - 02 0 02
tan(x, ;) X177 %77
(c) (d)

Figure 6 The generalized hyper-chaotic synchronization.
The trajectory of the components of the state variables
X5 X2y X3y Xy Xs2 (@) X175 X27; and xyq; (b) The trajectory of
variables x;;;, xy; and x5;5; (¢) The decoded trajectory of vari-
ables xy7;,%;and x5, which is the same as that shown in (a);
(d) Variables x,., and x,., are in generalized chaotic synchron-
ization vig the transformation tan(x,;-).

0 max({ Gh f}

Figure 7 The gray-scale color code for the components of the
solution of the HCSCC CNN state equations, G, stands for
xhn xz.n xJuy xnn or xs.,-

much attention during the past decade. Chaos, as a
special complex dynamical phenomenon, has been stu-
died for more than four decades. However, determina-
tion, prediction, and control of copmlex patterns gene-
erated from higher-dimensional nonlinear systems are
still very difficult issues. The local activity principle of
the CNN has provided a powerful tool for studying the
emergence of complex patterns of a kind of nonlinear
systems.

Based on Lemma 1 of the local activity principle of
CNN cells presented by Chua [1, 2], the analytical cri-
teria of the local activity for CNN's with five state vari-
ables and one-port (one diffusion coefficient) are set
up. The analytical criteria consist of Theorems 1-4,
which can be implemented by a computer program to
produce bifurcation diagrams for general correspon-
ding CNNs.

An HCSCC CNN with 1 125 variables is intoduced.
The theory for constructing generalized synchroniza-
tion of vector equations [17] motivates us to develope
such an HCSCC CNN system although a strict new the-
ory should be proposed to verify mathematically that
the HCSCC CNN does have generalized synchroniza-
tion. According to the bifurcation diagrams, generaliz-
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Figure 8 Evolution of the patterns of the state variables of
No. 3 HCSCC CNN listed in table 1.

ed synchronic chaotic patterns, oscillatory patterns of
the HCSCC CNN's can be easily simulated numeri-
cally. Our results imply that the local activity theory of
CNN is also a practical tool for the study of the com-
plex dynamics of some hyper-chaos generalized syn-
chronization nonlinear systems.

Clearly, further researches on the hyper-chaos gener-



318

alized synchronization are very promising both in prac-
tical and theoretical views of points.
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