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Abstract: The analytic criteria are presented for the local activity theory in two-port Cellular Neural Network (CNN) cells with three lo-
cal state variables, and the application to a Biochemical Model CNN (BMCNN) is given for coupling in series of two enzymes whose
prototype was studied by Decroly and Goldbeter. The bifurcation diagrams of the BMCNN's show that there does not exist a locally pass-
ive domain, and the computer simulation exhibited that convergent patterns, oscillatory patterns or chaotic patterns may emerge if the
selected cell parameters are located in locally active unstable domains but nearby the edge of chaos domain. In particular, the coexistence

of multiple oscillations was observed in the corresponding triple cell couples of the BMCNN's with the same initial conditions.
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Nonlinear phenomena exist universally in the nature
and the society. However the complex dynamics of the
corresponding nonlinear models are very difficulty to
be studied. The recent local activity theory [1, 2] asserts
whether a homogeneous medium is capable of exhibit-
ing complexity depends on whether the CNN cells, or
its couplings, is locally active in a precise circuit-theor-
etic sense, in particular the corresponding CNN cell
parameters are located nearby edge of chaos [3, 4]. The
analytic criteria for testing the local activity theory with
one-port and 1, 2, 3, or 4 state variables have been re-
spectively presented and successfully applied to the re-
search on complex patterns and structure generated
from several CNN's with important background [1-5].

In this paper, a set of theorems for testing the locally
activity of the CNN's with three state variables and
two-port are set up. As an application of the theorems,
(1) the biochemical model for coupling in series of two
enzyme reaction with autocatalytic regulation [6, 7] is
mapped into the BMCNN; (2) the bifurcation diagram
of the BMCNN has been draw based on the new theor-
ems which showed that there exist only locally active
domains and edge of chaos with respect to the equilib-
rium points with chemical sense; and (3) the computer
simulated both of the original biochemical models and
the BMCNN's, which were shown many complex peri-
odic or chaotic trajectories (or patterns). This research
demonstrates once again the effectiveness of the local
activity theory in choosing the parameters for the
emergence of complex (static and dynamic) patterns in
a homogeneous lattice formed by coupled locally ac-
tive cells.

1 Local Activity Theory

For a two-port CNN cell, the corresponding local
state equations with "3" state variables assume the form

VALVt AVt (1)
i/b=Abn VitAwVs (2)
where,
Va= I:Vl, VZ]T’ Vb= I/S, Inz[II,IZ]T
an a a
A= ne > App™= ° 9Aba=[a31, asz], Abb=[a33] (3)
ay Axn ax ’

The corresponding CNN cell impedance Zy(s) is
given by [1]
Z§1(5)= Y, Q(S):(SI —Aaa) —Au(sI _Abb)-lAba

a;sa a;sa
s—a,— 13431 —ay— 13d32
S—as; S—das;
B ana axa (4)
— gy, — 2% §—a,,—389%
§S—Qas; S§—as;
Lemma 1.1 ([1]) A two-port reaction diffusion

CNN cell is locally active at a cell equilibrium point O
2 (W), I) if, and only if, its cell impedance Y,(s) at Q
satisfies at least one of the following 4 conditions:

(1) Yo(s) has a pole in Re [s]>0.

(2) Yi(iw)=Yi(iw)+¥Y(iw) is not a positive semi-
definite matrix at some w=w,, where w, is any real
number.

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

lim(s—iw,) ¥u(s), if @,<o0
kl é s—iw,

)

HmYie,)iw,, if w,=o0
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is either not a Hermitian matrix, or else not a positive
semi-definite Hermitian matrix.

(4) Y,(s) has a multiple pole on the imaginary axis.

Where ¥i(s) is constructed by first taking the trans-
pose of ¥,(s), and then followed by the complex conju-
gate operation.

2 Theorems for testing the conditions in
Lemma 1.1

Firstly, let us recall some lemmas (for example, see
reference [8] or other standard functional analysis tex-
tbooks).

Lemma 2.1 If X"Y%(s)X for VX&C is real then Yi(s)
must be a self-adjoint operator from C*—C".

Proof See Theorem 3.10-3 in reference [8].

Lemma 2.2 If Yi(s) is not a self-adjoint operator
from C*—C" then Yg(s) is not a positive semi-definite
matrix.

Lemma 2.3 If Y2'(s)=Yi(s) and ¥i(s) is not a posi-
tive semi-definite matrix at some iw=iw,€ilR, if, and
only if, there is at least one <0 s.t. A€a(¥5(iw)).

Proof Since from Theorem 9.2-1 in reference [8], it
is known that for any bounded self-adjoint linear oper-
ator T: H— H on a Hilbert space H,

min=inf<Tx, x>, max=sup<Tx, x>.
rea(T)  lIxi=1 i€atT)  |xfi=t

This completes the proof.
Using the above lemmas and the methods similar to

those stated in reference [4], the following theorems
can be proved.

Theorem 2.1 Y,(s) has a pole in Re [s]>0 if, and
only if, a;,>0 and max{|a;as.,|aia:)|axas.lasax|} 0.

Proof By the definition of pole, formula (4) implies
the theorem.

Theorem 2.2 Let b=ai:a:1a3, €=0:05a033, C=a1dndnt
a3, =00 —axna. Y(s) satisfies condition (2) in
Lemma 1.1 if, and only if at least one of the following
condition holds.

(1) (antaz)>0;

(2) (a1 +a»)<0,a;,#0, and (ay+an)—
(anasitanan)/as>0;

(3) 4anan—(anpta,)'<0;

4) 4 baytea,) —2claptay) +d*+0,

i 2ad+8be=2¢
4(bazz+ean)_ 2C(alz+azl)+d2

w - a§3>0 s
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2
w'd’
(ah+w’)

(5) a33¢0 and 4(ana§3—b)(azza§3—e)-
[(atan)al—c]*<0;
(6) a;=0 and 4be—c*<0.

Proof Firstly, from formula (4) we obtain

201303033 cHw
—2a, 4285 _ (g 4o 24
2ay, a§3+a)2 (alz 021) a§3+wz
ds)= c—iwd 2a,»ana ©
—(a+a — 2,420
(antay) ot 22 _-a§3+0)2

Equation (6) gives that ¥3(iw) is a self-adjoint oper-
ator. Thus, ¥i(iw) is not a positive semi-definite matrix.
In this case, the eigenvalue 2 of matrix ¥Yg(iw) satisfies
equation

where,

2(a13031033+a23032033)

a1=2(a11+azz)_ ag}_’_wz (8)
b e c V

=4 a —latan——F=)+

(20 ai a§3 Tt 9z ag] Tt 127dy a§3 Y
2

w’d?
e 9
(a§3+w2)2 ©)

Consequently, we conclude from Lemma 2.3 that
Yi(iw) is not a positive semi-definite matrix at some
w=w,, if, and only if

a>0 or ;<0 (10)
Case 1 Testing condition a, > 0.

(1) If @y, +ax>0, then it follows from equation (8) that
if w is large enough, a,>0. Hence we have

(D If ay+a,>0 then Yi(iw) satisfies condition (2) in
Lemma 1.1.

(2) If a11+a2250 and a;;(a13a3)+a23a32)20, thel’l a1>0
can not hold for any w€R.

(3) Ifa11+azzS0 and a;;(a13a31+azga32)<0, thel’l a1>0 has
a solution wER< a,+an—an(anastanas)/as>0.
Therefore we conclude that

(D If anta»<0, ax+0 and antan—as(asant
a»as)/a>0 then Yi(iw) satisfies condition (2) in Lem-
ma 1.1.

Case 2 Testing condition a,<0.

(1) If 4a,,ay,—(ay:+a»1)*<0, then it follows from equa-
tion (9) that if w is large enough, a,<0. Therefore we
obtain

(IIl) If 4a,a.—(aita, <0, then Yjliw) satisfies
condition (2) in Lemma 1.1.
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(2) If 4apa,—(anta,)'=0. Let L(@®)=as.
(A) If L(0)<0, we conclude that
(IV) If 4a,,a,,— (@ +ax ) =0 and
when a5 +0,
4a(aua;—b) (ands—e)—[(aitax)as — c[<0;
when a;;,=0,
4be—c*<0.
Then Yi{iw) satisfies condition (2) in Lemma 1.1.
(B) If L(0)=0. Since limL(w*)=4a,.a,»—(aitax) =0,

w—wo

we only need to examine the minum of L(w?) in
[0,+00]. Solving L.(»”)=0, we obtain

4(bantea 1)(a§3+w2) —8be— 2c(a12+a21)(a§3+w2)+202_
d( &) 20’d=0,

o 2a5d*+8be—2c* _
4(bazz+ea1 1) - 20(012+021)+C{2

It follows that

(V) If 0**>0 and L(w*?)<0, then ¥j(iew) satisfies con-
dition (2) in Lemma 1.1.

@

In summary from (I) to (V), this completes our proof.

Theorem 2.3 Y,(s) satisfies condition (3) in Lemma
1.1 if, and only if, at least one of the following condi-
tion holds.

(l) If a;,=0, max{|a13a31|, |a13032|, |azsasl|, |azsa32|} *0,
and Q1303 F Ands).

(Z)If a;=0; max{|a13a31|’ |al3032|, |a23a31|’ |023032|}¢0,
Auan=a;a, and

(a) a13031+a23a32>0 or
(b) auaalazsaaz_(ﬁsa§2<0-

Proof Y,(s) has a simple pole s=iw on the imagin-
ary axis < ;=0 and max{lasas|, |avasl, |anasl,
|asax|} #0. In this case,

k1 =1ims YQ(S)=

—dapds —dpds
5=0 —dnd; —anpds;

Therefore if ai;as+ axsas,, then Y (s) satisfies condition
(3) in Lemma 1.1. On the other hand, if anay,=axnas,
then Y(s) is a Hermitian matrix. Since

det'” -k |:)-2+/1(01303 Hanan)tanasanas — &han,

if @13a3+a:3a3>0 OF 13@31ana — a5, <0, then YQ(S) sat-
isfies condition (3) in Lemma 1.1.

Finally, Y,(s) has a simple iw-axis pole at infinity
and

lim¥ei@)_;

@~ P
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is a positive-definite matrix.
In summary, this completes the proof.

Theorem 2.4 ¥,(s) does not have a multiple pole on
the imaginary axis.

Proof Equation (4) shows that ¥y(s) has no a mul-
tiple pole on the imaginary axis.

3 BGCNN Equations, Bifurcation Diagrams
and Dynamic Simulations

3.1 BGCNN equations

All life is rthythmical. The only way to understand
these biological rhythms is to become more quantitat-
ive and to develop rigorous mathematical models. As
one of the models for glycolytic oscillations that occur
in yeast and muscle cells, a three-variable biochemical
model for the coupling in series of two enzyme reac-
tions with autocatalytic regulation takes the following
form ([6,71]):

ég—=v—m¢(a,ﬂ),

t

%‘f_‘_‘q 10:p(a,f)—ang.op(a,p)—an(B.y),

d
=a:onBy)~ky (1)

where a, B, y denote the (dimensionless) normalized
concentrations of the substrate S of the first enzyme E,,
the product P, transformed by E, and the product P;
transformed by the second enzyme E, respectively; L,
and L, are the allosteric constant of enzymes E, and E;,
while o, and o, are the normalized maximum rates (in
s7") of the two enzymes; v and &, (both in s™') denote the
substrate injection rate and the apparent first-order rate
constant for the removal of the final product in a reac-
tion catalyzed by a Michaelian enzyme far from satura-
tion by its substrate; the rate functions ¢ and # of the
allosteric enzymes E,; and E, are given by

__a(l+a)(1+p)
P LIy (pP

_ B0+yy
TLAT+Y

Now we map equation (11) into a standard Nx1

BMCNN array with two-port (with diffusion coeffici-
ents D, and D,) described via

%ZV,-—O' 1¢(ai’ﬂl)+D (@it am—2a),

ij;"t_izq 10:¢(a:B)—0:nq:109(a,B)—om(B,y)t
Dz(ﬂ-_1+ﬂi+1 _zai)a
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B omBur)—ksy,

=1,2,-,50 (12)
In component form, equation (12) become

&= f (&, B, y)y+D,\V’a (13)

b= £ (a, B y+D:V'B (14)

=5(a By y) (15)

where V? corresponds to a 50x50 matrix.

The cell equilibrium points Q's of equations (13)-
(15) can be determined via the following equations:

Silay By )0 (16)
Li(a, B, y)=0 (17)
£ (e B y9)=0 (18)

To solve equations (16)—19), the unique cell equi-
librium point @ which has biochemical sense is given
via

= [ 025 . vL, i
o o —v) [4(5. —v) (a,—v)(1+B) (20)
1g:v }_’ (L:+(1 +2)J
P gl @)
The cell coefficients a, .(Q)'s are defined via the cor-
responding Jacobian matrix

-aII{Q) ﬂn{Q} as(Q)
AL azl(Q) an(Q) a;-;[Q) é[
[au(Q) a(Q) as(Q)
3f (X] d _1; 1 (X) af (X)'

%Mrl%
where X=(a(Q), A(Q), N(Q)). Consequently, the corre-

sponding CNN cell impedance ¥,(s) can be calculated
via equations (22) and (4).

3.2 Bifurcation diagrams

Using Theorems 2.1-2.4 and formulas (4) and (22),
the bifurcation diagrams with respect to the eguilibrium
point Q for the BMCNN can be described via computer
programs. These domains for different cell parameters
are calculated numerically and shown in figure 1,
where the fixed cell parameter group {0\, o, L, L: g,
g:}={10,10,5x10%,100,50,0.02}. Interestingly, the cha-
otic parameters {s,v}={1.4,0.25} and {ks,v}={2,0.45}
calculated in references [6] and [7] are just located
nearby the edge of chaos. Most strikingly, there is no

A Ay
A Ay
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locally passive domain in the bifurcation diagrams.
3.3 Dynamic simulations of the GMCNN equations

Firstly let us simulate the original biochemical mod-
el because it is easier to be coped with and has the simi-
lar properties to those of the corresponding BMCNN
equations. The results of simulation are listed in table
1 and some of the dynamic patterns of the simulation
are shown in figure 2.

Table 1 tells us that the locally active theory is also a
useful tool for studying the complexity of the original
biochemical model (11). Interestingly, the parameters
{k., v}'s are located nearby edge of chaos, chaotic tra-
jectories or period-i limit cycles can be generated. In
particular on the line v=0.2, so-called period-adding
phenomenon appears which is firstly observed in a
physical system in reference [9,10]. In our case the per-
iod-adding bifurcation-period-1, 2, 3, 4 or 5 limit cyc-
les and a chaotic trajectory appear consecutively as the
parameter k, varying in [0.60, 1.48] (see figure 2).

The simulation on the BMCNN's is difficult due to
the limit of the memory of Matlab 5.2 software, Even

454

1.0 Eﬂ}'

K, '5
Figure 1 Bifurcation diagram of the BMCNN. The domains
are coded as follows: edge of chaos (locally active and stable )
domain (black), locally active and unstable domain (gray). (a)
at cross-section £, €[0,1], and (b) at cross-section , €[0,5]
and v [0,0.5].
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Table 1 Cell parameters and corresponding dynamic properties of the enzyme CNN's where ¢,=10, 5:=10, L,=5x10°, L,=10%, ¢,
=50, and ¢,=0.02. The symbols U, 1, p and @ indicate that convergent patterns, divergent patterns, j-period patterns and chaotic
patterns are observed near to or far from the corresponding equilibrium points, respectively.

-1

No. k. /s™ v/s Cell equilibrium point Q Eigenvalue Pattern
1 10.000 0.250 29.053 4, 120.226 8, 0.0250 ~9.5120,0.0376 £ 0.01971 1p
2 1.450 0.250 37.9391,92.1886,0.1724 ~0.9778, 0.0308+ 0.04001 4p
3 1.400 0.250 38.3339,91.2408,0.1786 —0.9274,0.0302+0.041 11 ®
4 1.350 0.250 38.7600, 90.2393,0.1852 ~0.8769,0.0295 £ 0.04221i 2p
5 0.600 0.250 54.9990, 63.5337,0.4167 —0.0424,-0.0198+0.15511 1pd
6 0.200 0.250 96.7110, 31.864 2, 0.8000 —0.0052,0.1244 £ 021201 6p
7 2.000 0.250 34.9623, 100.0154, 0.1250 —1.5278,0.0345£0.03251 8p
8 2.000 0.400 31.693 6, 140.888 9, 0.2000 —1.2766,0.0192 = 0.0703 i 10p
9 0.800 0.250 237.7963, 26.6757, 3.2000 —0.0040,0.6153 £ 0.45421 1p
10 1.821 0.400 32,7329, 136.4475,0.2197 -1.0981,0.0164 = 0.073 11 1p

11 1.200 0.400 39.0425,114.5000, 0.3333 —0.4433, —0.0146+0.09471 1p
12 0.200 0.400 180.487 2, 24.2222,2.0000 —0.0029, 0.3699 + 0.3190i 1p
13 1.450 0.300 180.487 2, 24.2222,2.0000 —0.0029,0.3699 £ 0.31901 ]
14 1.500 0.300 36.3855, 105.6667, 0.2000 —0.9422,0.0250+0.0542i

15 1.530 0.300 36.1506, 106.3508,0.196 1 —0.9724,0.0254 £ 0.05361 5p
16 10.000 0.300 26.849 8, 142.8894, 0.0300 —9.4172,0.0347 £0.034 21 2p
17 1.400 0.300 37.2472,103.2301, 0.2143 —0.8408,0.0230+0.05661 2p
18 1.000 0.300 42.6101,90.2574,0.3000 —0.4159,0.0043 = 0.073 31 2p
19 0.800 0.300 47.5690, 80.8388, 0.3750 —0.1407, —0.036 7+ 0.10691i 2p
20 0.200 0.300 147.909 5, 25.5000, 1.5000 —0.0031,0.2673+ 028011 2p
21 0.200 0.200 117.8218, 26.0000, 1.0000 —0.0035,0.1668 +0.214 41 2p

22 0.600 0.200 54.3518,57.2500, 0.3333 ~0.1474, —0.001 6 £ 0.071 31 2p
23 0.800 0.200 479126, 65.0000, 0.2500 —0.3960,0.023 0+ 0.04461 1p
24 1.400 0.200 40.173 8, 77.5625,0.1429 —1.0154, 0.0358+0.02071 2p
25 1.460 0.200 39.76717, 78.3552, 0.1370 —1:0757,0.0362+0.0193i Sp
26 1.480 0.200 39.6400, 78.6077,0.1351 —1.0957, 0:0364 + 0.0189i 4p
27 2.000 0.200 37.2524, 83.6446,0.1000 —-1.6159,0.0383+0.00821 8p
28 1.000 0.200 44.2245,70.444 4, 0.2000 —0.6088, 0.0304 +0.03341 Ip
29 1.200 0.200 41.840 1, 74.4694,0.166 7 —0.8135,0.0339=0.0262i 1p
30 1.300 0.200 40.9391,76.1111,0.153 8 —0.9147,0.0350+0.02331 2p
31 1.350 0.200 40.5414,76.8585,0.1481 —0.9651,0.0354 + 0.022 01 ®
32 10.000 0.200 32.0711,97.1169,0.0200 0.0221, 0.0584, —9.607 8 1p
33 2.000 0.450 31.2138,152.1875,0.2250 —1.1960,0.0125 £ 0.08091 ®
34 1.900 0.450 31.8160, 149.3301,0.236 8 —1.0961,0.0105+0.08271 1p
35 2.050 0.450 30.9365, 153.5400, 0.2195 —1.2458,0.0134+0.080 11 10p

so some novel phenomena are still observed. They are
addressed as follows.

(1) The BMCNN dynamic patterns are generated by
the parameter group No. 30. The parameter group is
located in the locally active domain and nearby an edge
of chaos. The dynamics of the 3-dimensional biochem-
ical model is a period-2 limit cycle (figure 2(b)). How-
ever, the one of the corresponding BMCNN changes
obviously. After simulation of a long time, the first trip-
le cell (a,,B:,7:) converges to a period-1 limit cycle; the
second triple cell (a.,B,,y;) converges to a period-3 limit

cycle. The consecutive triple cells (.,8.,7:) converges to
different periods that larger than three until i=14. The
following triple cells converges to period-2 limit cyc-
les. The trajectories and the time evolutions of the trip-
les (a,B,y)'s for i=1, 2, 25, 50 are exhibited in figure 3.
The time evolutions at specified time of the dynamics
of the BMCNN are given in figures 4 and 5. It is ob-
served that the transmission of the concentrations along
"cell chain" a is smooth. The concentration y, is trig-
gered only after the concentration of the corresponding
cell B, reaches its maximum.
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Figure 2 Fixed parameter group {c:,02,L1,L2,91,¢2v}={10, 10, 100, 50, 0.02, 0.2}. The trajectories and the time evolutions of the
state variables a, § and y. Initial condition X{0)2 [a(0),5(0),/(0)]. (a) Period-1 limit cycle where £=0.6 s™* and X(0)=[170.1226,
0.1407, 0.0535]; (b) Period-2 limit cycle where k,=1.3 s™' and X(0)=[168.0582, 6.6543, 0.0094]; (c) Chaos k,=1.35 s™' and X(0)=
[146.0317, 2.0524, 0.0030]; (d) Period-3 limit cycle where £=1.40 s™' and X{0)=[166.7481, 1.0294, 0.0014]; (¢) Period-4 limit cycle
where £,=1.48 s™' and X(0)=[174.3312, 2.1257, 0.0028]; (f) Period-5 limit cycle where £=1.46 s™' and X(0)=[158.8879, 0.6302,

0.0009].
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(2) The BMCNN dynamic patterns are generated by
the parameter group No.31. The parameter group is
located in the locally active domain and nearby an edge
of chaos. The dynamics of the 3-dimensional biochem-
ical model is chaos (figure2(c)). The one of all triple
cell (a,,8,7.)'s of the corresponding BMCNN displays

(a) 170
15
10 s 160
~
5 /
._~—"1000150
140 500
150 145
L6010 0 2 4 6 8 10
' t/10%s
600 12
- 400 8
BN
=
200 4
0 0
0 2 4 6 8 10 0 2 4 6 8 10
t/10°s t/10°s
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. 165
) /
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ok ~000
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160 g0 T ™0 2 4 6 8 10
Gas 1/10%s
600 12
3400 8
&
200 4
0 0
0 2 4 6 8 10 0 2 4 6 8 10
t/10%s £/10°s
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chaotic patterns. After long time's simulation, the time
evolutions of the triples cell (a,8,y)'s for i=1, 2, 25, 50
are shown in figure 6. The time evolutions at specified
time of the dynamics of the BMCNN are described in
figure 7. It is observed that the transmission of the con-
centrations along "cell chain" o is abrupt. Some cells in

(b) 180
15
170
10 8
= 160
5
0 1000 150
140 500 145
180° @ 0 2 4 6 8 10
* t/10°s
600 12
. 400 8
= <
200 4
0 0
0 2 4 6 10 0 2 4 6 8 10
t/10%s t/10°s
@ 175
s 170
.10 § 160
o
5 150
%0
145
160 1500 ¢e 0 2 4 6 8 10
Gso t/10°s
600 12
. 400 8 11
& Z,
200 4
0
% 2 4 6 8 10 0 2 4 6 8 10
t/10%s t/10°s

Figure 3 Trajectories and time evolutions of a,, 5, and y. The parameters are 0,=10, 0,=10, L;=5x10°, L,=100, ¢,=50, ¢,=0.02, v=0.2
s, and £=1.35 57", (a) i=1; (b) i=2; (¢) i=25; (d) i=50.

(@)
180

Figure 4 Dynamic patterns of the state variables a, £ and y at the specified time =0 (a), 6.932 (b), 22.26 (c) and 100.9 s(d).
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Figure 5 Dynamie patterns of the state variables a, § and y at the specified time /=142.2 (a), 197.9 (b), 264.5 (c), 507.8 (d), 709.7
(e), and 983.4 s (f).
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Figure 6 Trajectoies and time evolutions of the state variables a, 5, and y. The parameters are 0,=10, 5,=10, L,=5x10°, L,=100, ¢,
=50, ¢,=0.02, v=0.2 s, and k,=1.35 57, (a) i=1; (b) i=2; (c) i=25; (d) i=50.
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Figure 7 Dynamic patterns of the state variables a, § and y at the specified time /=0 (a), 145.2 (b), 146.3 (c), 147.1 (d), 293.7 (e),

527.6 (£), 799.0 (g), 884.8 (h), 991.1 (i), and 1200 s (j).

the chains a, £ and y seem to play the role of pacemaker,
that is, they can trigger their all consecutive cells in-
stantly although the concentration y, is triggered only
after the concentration of the corresponding cell j, rea-
ches its maximum,

4 Concluding Remarks

The new theorems for testing local activity of the
CNN's with three state variables and two-port are pre-
sented, which can be used to explore the complex dy-
namic of general nonlinear equations with 3(state) vari-
ables.

The BMCNN equations are introduced whose proto-
type is the biochemical model describing the glycolytic

oscillations that occur in yeast and muscle cells. The bi-
furcation diagrams of the BMCNN's are calculated bas-
ed on our theorem and show that there only exist local-
ly active domain and the edge of chaos. The chaotic
parameters calculated by references [6, 7] are just loc-
ated nearby the edge of chaos. Some new chaotic para-
meters are discovered also near to the edge of chaos.

Extensive numerical simulation discovers that the
original biochemical model has the period-adding phe-
nomenon.Multiple periods can coexist in one BMCNN.
The transmissions of concentration waves of the peri-
odic BMCNN and chaotic BMCNN are quit different.
The former transmits v smoothly but the chaotic one
transmits in emergency ways.
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In summary, the theorems for testing the local activ-
ity presented in this paper are a useful tool for determi-
ning the complex behavior of the CNN's. It would be
expected that some new results obtained here could get
biological explanations.
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