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Abstract 7 1

How network topological structure influences its dynami- 6
cal behaviors, is currently becoming a topic of great impor-
tant. In this study, we investigate synchronization phenom-
ena of coupled chaotic circuit network with the bridge. By

computer simulations, synchronization of the bridge is easy
to break down and clustering of circuits is occurred from the
bridge. Moreover, we statistically investigate the relation be-
tween synchronous rate and coupling strength.
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e Dridge (3-4)
Figure 1:Example of the bridge.

In the Fig.1, the bridge between 3 and 4 provides the only
route which can flow information or influence from any con-
tact of 3 and 4. In order to analyze complex phenomena of

Recently, complex networks have attracted increasing 4t Pridge on the network, chaotic circuits are applied to each
tention from various field of science and engineerifg[ "°de Of the network and coupling elements between each cir-
[4]. Additionally, how network topological structure influ-CUit are used resistors. By computer simulations, we inves-
ences its dynamical behaviors, is currently becoming a toflR&t€ the synchronization phenomena between each circuit
of great important. Many of complex networks can be d&n the coupled chaotic circuit network with bridge. More-
scribed by node and edge, by its topological structure gQYe"> We statistically mvgstlgate the relation between syn-
erates various synchronization phenomena. On the otfigfonous rate and coupling strength. Thereby, we reveal the
hand, chaos synchronization is very interesting phenomdfiience of the bridge on the network.
that two chaotic circuits are synchronized regardless of dif-
ferences circuit parametei@] Also, as coupled systems of2- Network model
chactic elements, Coupled Map Lattice (CML) and Glob- Figure 2 shows chaotic circuit which is three-dimensional
ally Coupled Map (GCM) were proposed by Kaneko. These o L

. . autonomous circuit proposed by Shinriki et &.[A pro-
models generate many kinds of complexity phenomena . g . :
) d o : posed network model is shown in Fig. 3. In this study, chaotic
such as spatiotemporal intermittengly[clustering[/] and so ©.""~. .
- . circuits are applied to each node of the network and cou-
on. However these models are very simple and discrete—time

. . r1olmg elements between each circuit are used resistors. In this
mathematical model, many of nonlinear phenomena gener-

) : . .= . model, the bridge is the resistor between CC3 and CC4.
ated in nature would be not so simple. Therefore, it is im-
portant to investigate the complex phenomena observed in
continuous—time real physical system such as electrical cir- . Vin Von
cuits.

In this study, we focus on the relation between chaos

1. Introduction
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synchronization and network topological structure. There- C G— L
fore, we focus on the influence of the bridge on the net- T

work. The bridge is the edge which provide the only route

between two nodes. Example of the bridge is shown in Fig. 1. 7-}7

Figure 2:Chaotic circuit.
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the normalized circuit equations are given as follows:

Xn = Zn

Yn = @y¥n — aBt(Yn — 20) — ad Z(Yn L) 4)
keC,

Zy = BT (Yn — z0) = %,

where the nonlinear function corresponding to the character-
istics of the nonlinear resistor of the diodes and are described
as follows:

Figure 3: Model of coupled chaotic circuit network with
bridge.

Yn=Z-1 -z >1)
fyn—2z)=47 0 (Iyn -zl < 1) (5)

. - : : Yn=Za+1l -2z <-1)
First, the circuit equations are given as follows:

Ldi“ _y This circuits generates chaotic attractor as shown in Fig. 5.
dt = V2n

dVln - 1
Ci gt = U —lan— ¢ I;(Vln — Vi) (1) Y, l !

dv. . '
Comge” = ~in +lan.

(n=1,23,..,7), Z
1

whereC, is set of nodes which are connected to CCn. We
approximate thé — v characteristics of the nonlinear resisl-:

tors consisting of the diodes by the following 3—segmenl(gu2rg 5:Example of chaotic attractora.= 0.4, 8 = 0.5 and

piecewise—linear function as shown in Fig.4. v=
ldy 3. Simulation Result
Gy
-a In this study, we fix the same parametersras 0.4, 8 =
a (Vannz) 0.5,y = 20 ands on all circuits. We focus on the coupling
strengths. Each circuit is given dierent initial values each
other. Figure 6 shows the computer simulation results. In the

Fig.6, the vertical axes are thdiirences between the voltage
Figure 4:Approximation of the nonlinear resistor. of the two chaotic circuits. Namely, if the two chaotic circuits
synchronize, the value of the graph should be almost zero like
y1—Y-2 of Fig. 6(b). In the case of Fig. 6(a), all circuits behave
, Ga(Vin = Von = @) (Van = Von > @) asynchronously. In the case of Fig. 6(),— y> shows full
lgn=1 0 (Vin = Vanl < @) @) synchronization. In the case of Fig. 6(c), additiongy- ys
Ga(Vin = Von +8) (Van — Von < -8). andys — y7 show full synchronization. In the Fig. 6(b)(c), the
bridge /s — y4) is bursting waveform compared with others.

By using the parameters and variables as follows: In other words, the bridge is easy to break down.
c In order to analyze synchronization, we define the synchro-
i = /TZaXn, Vin = Yh, Von = 8Z, nization as following equation,
d C lyn — Ykl < 0.0, (6)
t= LCg‘z',"-"z—,a:—2 3)
dr Cy wheren is humber of circuits and is circuits which con-
L L 1 L nected circuin. Figure 7 shows statistically investigated re-
B= C_zGd’ Y= C_299 0= RVC, sult of synchronous rate. The iteration tirnds fixed with
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(c)6 = 0.40.

Figure 6: Computer simulation result.
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(a)6 = 0.10.
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(b) 5 = 0.25.
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(c)6 = 0.40.

Figure7: Synchronous rate.
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Figure 8: The relation between synchronous rate and coupling strength.

10,000,000. Synchronous rate of the Fig. 7 corresponds to the
Fig. 6. In the Fig.7(c), full synchronization is shown as 100 . .
% numerically like routes 1-2, 5-6 and 6-7. On the othdd] D.J. Watts and S. H. Strogatz, “Collective dynamics of
hands, other routes show low synchronous rate. Addition-
ally, bridge (3-4) is lowest synchronous rate of all routes. 2]
Moreover, we statistically investigate the relation between
synchronous rate and the coupling strengthFigure 8
shows the relation between synchronous rate and the coupling
strengths. By increasing the coupling strengthsome com-  [3]
bination of chaotic circuits become synchronous state. CC1
and CC2 are synchronized completely (arodrf).3). CC5
and CC6, CC6 and CC7 are also synchronized completeﬁﬁ]
after CC1 and CC2. The other combinations also become
synchronous state, however the other combinations are not
synchronized completely. Even if thefidirences between the [5]
initial value of each circuit are set very small, we can not be
observed full synchronization of all circuits. Thereby, clus-
tering of circuits is occurred from the bridge. Some results
depending on the initial values can be observed since eat®l

circuit generate asymmetric attractor.

4. Conclusion

(7]

In this study, we have investigated influence of the bridge
on the network via synchronization phenomena of coupled
chaotic circuits. By computer simulations, synchronization ofg]
the bridge is easy to break down and clustering of circuits is
occurred from the bridge. In our future work, we investigate
the other network topological structure with the bridge and

carry out circuit experiment.
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