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Abstract—In this study, we investigate the influence of2. Network Model
local bridge on a complex network of 25 coupled chaotic S o
circuits. From synchronization phenomena of coupled Figure 1(a) shows the chaotic circuit which is three—
chaotic circuits, we show that synchronization of locafimensional autonomous circuit proposed by Shineiki
bridge is easy to break down. By means of computer sim@- [4][5]. This circuit is composed by an inductor, a
lations, the network switches to global synchronization an@egative resistance, two condensers and dual—directional
partial synchronization. In order to analyze synchronizediodes. —This circuit generates asymmetric attractor as
tion, we define asynchronous probability during a certaighown in Fig. 1(b). A proposed network model of 25 cou-
time interval. Moreover, we statistically analyze the sobled chaotic circuits with local bridge is shown in Fig. 2. In

journ time of synchronization of each edge including locaihis study, chaotic circuits (O are applied to each node
bridge. of the network and each edge corresponds to resiRdrs

this model, local bridges are 1-25, 8-9, 14-15, 15-16, and

22-23.
" 4

1. Introduction . Vin Von

Complex networks have attracted a great deal of at- B
tention from various fields since the discovery of “small- =% N CIT

world” network [1] and “scale-free” network [2]. In partic-

ular, how network topological structure influences its dy- z
namical behaviors, is currently becoming a topic of great

important. On the other hand, synchronization phenomena (a) Chaotic circuit. (b) Attractor

on the networks of coupled chaotic systems are very inter- (@ =04,8=20,y =05).

ested. However, there are not many studies of large-scale Figure 1:Chaotic circuit and attractor.
network of continuous-time real physical systems such as
electrical circuits. Additionally we focus on synchroniza-
tion phenomena of coupled chaotic circuit network with
community structure based on social theory.

In sociology, there is a famous theory called “The
strength of weak ties” by Granovetter [3]. This is the the-
ory that weak networks (weak ties) are important more than
strong networks (strong ties). Because strong networks are
easy to isolate by centripetal force for homogeneity and
affinity. Therefore weak ties are essential for information
propagation and so on. Weak ties connect strong networks
with each other as the bridge. In large-scale network, the
bridging function may be provided locally. This kind of the
bridge is called “local bridge”.

In this study, synchronization phenomena on 25 coupled Figure 2:Network model.
chaotic circuit network with local bridge are investigated.

We show that synchronization of local bridge is easy to First, we approximate thie-v characteristics of the non-
break down. By means of computer simulations, the nelinear resistors consisting of the diodes by the following
work switches to global synchronization and partial synthree-segment piecewise-linear function as follows:
chronization. In order to analyze synchronization, we de-
fine asynchronous probability during a certain time inter-
val. Moreover, we statistically analyze the sojourn time of fan = § 0 (IVin=Vvan| V) (1)
synchronization of each edge including local bridge. Gy(Van — Von + V) (Vin — Van < =V).

Gd(Vin = Von = V) (Vin — V2n > V)
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By using the parameters and the variables as follows:

. C
in = \/fvm Vin = Vyn, Von = V2,

t= \/L_CzT,“~”=d£, :% (2)
T

(04 C. " o
5= \/TG B \/T 5= 1 \/T SO - T T e AR
= C2 d,» ¥V = C2 g, 0= R C2 s 911 - n

. - . . 1
the normalized circuit equations are given as follows: 11-12
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kesn 16-18

(Yo — 20) — % 1620

Zy

1
wheren = 1,2, 3, ...,25 andS,, is set of nodes which are ig:ztll
connected to C@ The nonlinear functiorf () corresponds 13-%%
to thei — v characteristics of the nonlinear resistors consisﬁoizz

ing of the diodes and are described as follows: a1 o
2324
B —2—1) (-2 >1) P W
1-25 it ARy A v W YW PTINTIY?
fh=2z) = {0 (yn-zl<1) (4 -t

BOn—2z+1) (Yn—2z<-1). Figure 3:Phase dierence waveforms(= 1.0).

3. Synchronization States

In this study, we fix the same pa_rameterSaaE_; 0'_4’_ synchronized during a certain time interval. We confirm

A = 20,y = 05 ands on all circuits. Each CIrCUIt IS - yhe network easy to become global synchronization
given diferent |n|t|all val_ues each other. We ShO.W the d.yﬁtate by increasing the coupling strengthIn particular,
namics of synchronization of the coupled chaotic CIrCuUitS, )i inds = 1.6~1.7 are rapidly become to high global syn-
In Fig. 3, the vertical axes are theffdirences between the chronization probability.
voltage (corresponding te;) of the two chaotic circuits.
Namely, if the two chaotic circuits synchronize, the value o
of the graph should be almost zero like 19-20. We can col 0
firm that synchronizations of local bridges (8-9, 14-15, 15
16, 22-23 and 1-25) are easy to break down compared wi
others. In this study, we define two synchronization state
of “global synchronization” and “partial synchronization”.
Figure 3 shows that the network switches to two synchrc
nization states. Additionally, partial synchronization is al-
most occurred from local bridge.

global synchronization
probability[%]

0 010203 04050607 08091011 121314151617 1819 20

4. Statistical Analysis coupling strength 3

In this section, we fix a certain time interval as ( Figure 4:The coupling strength dependency of global synchronization.
= 10,000 and step= 0.01r) and we statistically analyze
the synchron_lzatpn phenom_ena ob.served from 25 coupledg,qm this point forward, we choose the coupling
chaotic circuits with local bridge. First, we show the cou-

X A strength ass = 1.0 and we analyze synchronization fo-
pling strength dependency of global synchronization. 1Rsing edge more statistically. Figure 5 shows that sorted

order to analyze synchronization state, we define the syQy eqges in order from highest to lowest of asynchronous
chronization as following equation, probability and the number of switching between synchro-
lVn — Vil < 0.01 (k€ Sp). (5) nization .and asynchronous each edge. Local bridges are
the top five of asynchronous probability among all edges.
Figure 4 shows the coupling strength dependency of globAlditionally, local bridges are large number of switching
synchronization. We checked whether if the all edges atgetween synchronization and asynchronous compared with
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other edges. Figure 6 shows the distribution of the number 7%
of synchronized edges during a certain time interval where , |
the 41 of synchronized edge shows global synchronization
and the 0 of edge shows fully asynchronous. In this pa-
rameters, we consider that various partial synchronizations 4% -
exist on the network. In Fig. 6, it is interested that the dis-
tribution of the 41 edges is the second highest.

Next, node 15 is located in between two local bridges
(14-15 and 15-16). Therefore the investigating of the states 10% -
of special node 15 in this network, is important. Figure
7 shows the distribution of the states of node 15 during a
certain time interval. In Fig. 7, for example, state D shows
that nodes 14 and 15 are synchronized however nodes 15 .,

50% -

30%

20% -

0 - L
0% 123456 123456 123456 23456 123456

1-25 8-9 14-15 15-16 22-23
(a) Local bridges.

and 16 are not synchronized. In four states, state A is the
highest distribution. Therefore node 15 is easy to isolate **
however state B is the second highest distribution that is so%
interested. 40%
20% -
8%
C 10% -
0% 123456 123456 123456 123456 123456
15% B 1-4 57 10-12 1922 2325
(b) Various edges.
Figure 8:Distribution of the sojourn time of synchronization.
Figure 7:Distribution of the states of node 15. to break down. Additionally, we confirmed that two syn-

) ) . chronization states of global synchronization and partial
Moreover, we focus on the sojourn time of synchronizagynchronization. Moreover, we statistically analyzed that

tion of each edge including local bridge. Figure 8 showg,e sojourn time of synchronizations of local bridges are
the distribution of the sojourn time of synchronization. Thenorter than other edges. Namely, local bridge almost be-
slots in the horizontal axes of the figure denote the ranges gfyes asynchronously. These phenomena show that local
the sojourn time in Tab. 1. From Fig. 8(a), the graphs of Iopigge is the weak ties for promoting information propaga-
cal bridges is very similar and the ratio of slot 1 is predomision “In order to understand the phenomena correctly, more

nantly high. Namely, synchronizations of local bridges disgetajled investigation considering cluster should be carried
appear immediately. On the other hand, from Fig. 8(b}y,t in our future works.

graphs of various edges show that the sojourn time of the
synchronization is longer than local bridges. In particular,

the sojourn time of synchronization of edge 23-25 that is

located in between two local bridges (22-23 and 1-25), i$1] D. J. Watts and S. H. Strogatz, “Collective dynamics of small-
similar to the local bridges. From this result, edge 23-25is  world", Nature vol. 393, pp. 440-442, 1998.

considered quasi-local bridge.
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Figure 6:Distribution of the number of synchronized edges during a certain time interval (0).



