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ipk = —g1vk + g3vx> (91,93 > 0), (1)
(k=1,2,3,4,5).
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[First oscillator]

% = e(l - é$12)l’1 — (Ya1 + Y1 + Ye1)
%%lzé{m—n%1—vwﬂ+ﬂw”
% — %{m — Y1 — ¥(Ya3 + ybl)}
dchl = %{xl — MYer — (Y3 + ycl)}

[Second oscillator]

1

% = a(l — §x22)x2 — (Ya2 + Yb2 + Ye2)
dgf — %{xg = NYa2 — V(Ya2 + yb3)}
% = é{mz — 2 — Y (Yar + 1) }
dgf — é{xg = NYe2 — V(Ya5 + 902)}
[Third oscillator]
% _ €<1 _ %3}32>1‘3 — (Ya3 + Y3 + Ye3)
% = %{1‘3 — NYa3 — V(Ya3 + ybl)}
% _ é{wg — s — 7 (Ya2 + Us3) }

dgf = é{x?) - 77?/c3}

[Fourth oscillator]

% _ 5(1 _ %$42>$4 — (Yad + Ybs + Yed)
% = %{m = NYas — V(Yas + 955)}
% = %{m = NYos — Y (Ypa + ya)}
% = %{m - 77,%4}

[Fifth oscillator]

%:5<

1oLy
ir — -5 )935 — (Ya5 + Ybs + Yes)

3

dy, 1
% = 5{9”5 — NYa5 — Y(Yas + ch)}
dy 1
7;5 = 5{1‘5 — Y5 — Y (Yasa + be)}
dy, 1

d7-5 = g{% - Uycs}



L C C
E=01 67 ’YZR fa n="Tm f

gboobooubuobobdyubobobednd
gobooooboooboooboboooobooon
gopboooboobboobobooobooon
gboboagobooobooobbooobooon
000000000000 (2)0400000=00
gooboboobob: r=00050000000O0
Uboobdb0de=0.10 v=0.10 n=0.001 OO
ugoooooo

21 00O0OO

Ug3boooooobouboooobooboonbog
400 100000000000 DODOOODOODO
gbobodboobi1o0booobboobooon
goboobooboboobooobo

e JIDDOODOODDOODOODO
e JIDODOODOODLDDOODOODLDO

e JUODOUOODODOOODODOODOOOD
oo

gbbooboobooboouobobooobooogn
000000000000 (Ne=4)0 140°0000
oobooboooooboobobooobOogdN, =50
OO0O0o0122°000000000DOCO0O0O00OO
gooogoboogboOoN,=40000 110°0
gobobooooooboo0ooboboo0ogbN, =500
o000 120°c000000000DCODOCOOOO
ooooooooboonogbOgN,=50000 180°
gboboooboobbuoobboaobobooon
goboooboooboooboooboobooon
gobooobooobooobooobooon
ugbbooboobboobooobbooboo

22 0O0OO0O0O0O0OO0ODOO

gboooboboobobodbobobod
O00o0oooo (2)-(6)0yODOOOOOODOOO
gboobooboooooobooboo 200
gboboooobuoobboobboobboaonon
goboooboobboooboobobooon
gbobgoooboboooooboobooooon
goboboobobooobbooobobooonoo
000 (F)ODO0D0O0O0O00DO0ooOOooooooo
gboobobobobobob

Anti (180

phase --
170 W
* —>¢— Shared oscillators

| —-+-= Oscillators connected to triangular network
160 = =%-- Other oscillators

R

150

140 |
1301 X&\x\)H
Three. e e e = e — S — e T
phase

Phase difference

—
AT
110f ¢

100 s s s s s s s s s
0 10 20 30 40 50 60 70 80 90 100
Ne

U3 0bbooboooboog.

2.0 — A
~ 20
0000A,0 k0000000000000

0400000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000

F % 100[%], (7)

e JODODDOOOOOOODODDDOOOOO
ugoo

e JOODODOODODOODODOODOO

e JDODODOOOOODODDDDDOOOOO
oono

10

e——— B st et e S SO

—«— ave. of 1st and 2nd oscillators
—-—-— 3rd oscillator
--¥-- ave. of other oscillators

Decrease ratio of amplitude of oscillator
F [%]
-

0.1 .
10 100

04 000000000000.

gobooboooo 1obooboobooon
goboooboobboobboonobooon
gboobgooboobooboobooboboooboooon



goboooooobooobobobbboooobon
gbobooooboooboooobooonooboooon
goboooboooboobboonobooon
gbobooobuoobbuoobboobobooon
gboboobobooboboobobednbOoOonon
gobooobuooobooobooobooon
gobobooOoobooboboooboooo2no0
goboooobooboboobboonoobooon
goo
gobooboooboboobooboooobog
gboboaoobuooobuoaobboaoobooon
ugboboobooboooobooboo
gbooooboooboboobooooboonoog
ON.=4,10000000000000000000
O000oooooo (x,xe,23) 0000000 50
gbboobooobooobooboooooooooon
gboobgobooooobobobooooooon
ugbbooboobbooboobooon

2

X1, x2, x3
IS

\_
0 500 1000 1500 2000 2500 3000
time

X1, x2, x3
IS

0 500 1000 1500 2000 2500 3000
time

(b) N. = 100.

s 00bobobobobobob.

3 0DoOOooooaoo

gobooooobooboobooooooboo
gboobogoobooooobobobooooooon
gboooooooooboobobooooooon
gobooooooobbobooobooooooon

gobooboogoooboooobobooboooobooon
uboboooboobobooboboonoooonon
gbooobobobooboboobobooooon

ggboogobuoobboobboooboooo
OO0DO0O000OD0O00D000 vander Pol ODODO0O
goboobooboobbooboobobooon

goodg

[1] L.L. Bonilla, C.J. Perez Vicente and R. Spigler,
“Time-periodic phases in populations of nonlin-
early coupled oscillators with bimodal frequency
distributions,” Physica D: Nonlinear Phenomena,
vol.113, no.1, pp.79-97, Feb. 1998.

[2] G. Abramson, V.M. Kenkre and A.R. Bishop, “An-
alytic solutions for nonlinear waves in coupled re-
acting systems,” Physica A: Statistical Mechanics
and its Applications, vol.305, no.3-4, pp.427-436,
Mar. 2002.

[3] 1. Belykh, M. Hasler, M. Lauret and H. Nijmeijer,
“Synchronization and graph topology,” Int. J. Bi-
furcation and Chaos, vol.15, no.11, pp.3423-3433,
Nov. 2005.

[4] C.M. Gray, “Synchronous oscillations in neural sys-
tems: mechanisms and functions,” J. Computa-
tional Neuroscience, vol.1, pp.11-38, 1994.

[5] R. Stoop and C. Wagner, “Neocortex’s architec-
ture optimizes computation, information transfer
and synchronizability, at given total connection
length,” International Journal of Bifurcation and
Chaos, vol.17, no.7, pp.2257-2279, 2007.

[6] T. Suezaki and S. Mori, “Mutual synchroniza-
tion of two oscillators,” Trans. IECE, vol.48, no.9,
pp.1551-1557, Sep. 1965.

[7] H.B. Fotsina and J. Daafouza, “Adaptive synchro-
nization of uncertain chaotic colpitts oscillators
based on parameter identification” Physics Letters
A, vol.339, pp.304-315, May. 2005.

[8] T. Endo and S. Mori, “Mode analysis of a mul-
timode ladder oscillator,” IEEE Trans. Circuits
Syst., vol.23, pp.100-113, Feb. 1976.

[9] T. Endo and S. Mori, “Mode analysis of two-

dimensional low-pass multimode oscillator,” IFEE
Trans. Circuits Syst., vol.23, pp.517-530, Sep. 1976.

[10] T. Endo and S. Mori, “Mode analysis of a ring of a
large number of mutually coupled van der Pol os-
cillators,” IEEE Trans. Circuits Syst., vol.25, no.1,
pp-7-18, Jan. 1978.

[11] Y. Uwate, Y. Nishio and R. Stoop, ”Synchroniza-
tion in Two Polygonal Oscillatory Networks Shar-
ing a Branch,” Proc. of NDES’10, pp. 62-65, May
2010.

[12] Y. Uwate and Y. Nishio, ”Synchronizing Coupled
Oscillators in Polygonal Networks with Frustra-

tion,” Proc. of ISCAS’11, pp. 745-748, May 2011.



