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The Effect of Network Topology
on Synchronous Neuronal Firing

DAISUKE SUzUKI!

Synchronous firing of neurons is important in terms of information processing
in the Brain. Inhibitory synaptic connection is thought to play an important
role in synchronization. In this study, we aim to clarify the effect of variety of
topology and sparseness on synchronization of firing in inhibitory neural net-
work. Fully-connected network stabilizes both one-cluster state and two-cluster
state, but the sparseness of network destabilizes one-cluster state.
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2.1 Hodgkin-Huxley neuron model
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T = —Grami®ha(Vi — Bxa) — Greni (Vi — B) = Gi(Vi — B)

— I1(t) 4+ I; stim(t) (i=1,---,N). (1)
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B (V)1 =) ~ Bu(Vr (s = ma, i), 2)
0000000 Cp = 1.0pF/cm?0 Gye = 120.0mS/cm?0 Ex, = 115.0mV0 Gk =
36.0mS/cm?’0 Ex = —120mVOG; = 03mS/cm?0FE, = 106mV 000000

am(V) = (25.0 — V)/(10.0(exp[(25.0 — V)/10.0] — 1.0))0 Bm (V) = 4.0 exp(—V/18.0)0
an(V) = 0.07exp(—V/20.0)0 Br(V) = 1.0/(exp[(30.0 — V)/10.0] + 1.0)0 e (V) =
(10.0 — V) /(100.0(exp[(10.0 — V) /10.0] — 1.0))0 Bn (V) = 0.125 exp(—V//80.0) OO 0.
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Fig.1 Fully-connected network. One-cluster state is stable.
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Fig.2 Fully-connected network. Two-cluster state is stable.
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Fig.5 Network with a hub structure.
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Fig.3 Random Network. r. = 0.5.
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0.5. Initial phases are sampled from uniform distribution [0, 1].

Fig.6 Random network. 7.

0.2.

Fig.4 Random network. 7.
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Fig.7 Comparison of phase distritubtions at time ¢ = 5000 msec. Clockwise from upper left,
r. = 0.8,0.5, network with a hub structure, 0.2.

0000000000000000000000000000 r.=0.2,0.5080000
0000000000000006(0) €[5, ¢ (i=1,---,N)00D000O00O00O0O0
0D0O05000msec 0 000000000000000 7000000 ¢t000000000
i00006,(t)0000000000000000 (cos(2n6;),sin(276;)) (i=1,---,N)
0000000000000000000 0.80050000000000000020000
0000000000000000000000000 200000000000000
00000000000000000000000000000000000000000
0000000000000

000,08,05020000000000000000000000000 10000

Vo0l.2010-MPS-80 No.7
2010/9/28

goooobooooooooooo 20b00000OoOoDOObOO0O0bObOOOOoOoDOO
goooobooooooooooo 20b0b000000O0bOOb0DOOObO0O0OOoODOD
gobooooooooboooobooooboooboboobo0 N=20000000D00
oboooobooooboooooooooooon

4. DOOOOO®

X; = (Viymi,hiyn) 000000 (1),(2) 000000000000
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Fig.8 T'yq4a(¢) in the case that two neurons are connected with inhibitory synapses written in (3),
(4). Both in-phase ¢ = 0 and anti-phase ¢ = 0.5 are stable.
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Fig.9 TI'(¢). For any ¢, I'(¢) < 0.
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