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Let us consider a pulse neural network composed of
excitatory neurons and inhibitory neurons written as
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where X or Y = Ek or Ik. This network is mod-
eled by the slowly connected class 1 neural network[1].
Note that this network is composed of multiple mod-
ules, and the k-th module is composed of excitatory
ensemble Ek and inhibitory ensemble Ik. The each
neuron is connected to the other neurons with the
synaptic coupling written by Eq.(3) where the firing
time t

(j)
m is defined as the time when the phase θ

(j)
Y of

the j-th neuron in the ensemble Y exceeds the value
π. The connection strengths in the identical module
are set as gEkEk

= gEE , gIkIk
= gII , and gEkIk

=
gIkEk

= gext, and the connection strengths between
different modules are set as gXkYl

≡ εXY (k �= l).
To examine the dynamics of the network with one

module, the analysis with the Fokker-Planck equation
is applicable, and various synchronized firings includ-
ing chaotic ones are observed[2].
For the network with two modules, the blowout bi-

furcation and the on-off intermittency[3] are observed
as shown in Fig.1. The on-off intermittency induces
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FIG. 1: The time series of the differences of the firing rate
JEk in the limit of NEk , NIk → ∞.

chaotic itinerancy for networks with multiple modules.

The raster plot of the firing times of excitatory neu-
rons in the network with three modules is shown in
Fig.2. It is observed that the synchronized clusters
are organized and rearranged chaotically.
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FIG. 2: Chaotic itinerancy observed in the network with
three modules where NEk = NIk = 5000. (a) The raster
plot of the firing times of excitatory neurons in each mod-
ule. (b) The time series of the differences of the firing rate
JEk .
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