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4 in 2D space.

network are activated). For weak synaptic strength (the black curve), the network’s response is weak and fades away

rapidly; for strong synaptic strength (the blue curve), the network displays a strong transient response; and for

moderate synaptic strength (the red curve), the network exhibits high-frequency oscillation.

}E 'ﬁ k.‘% \‘m\ )

(B)Three typical responses of the network to a strong transient stimulation (4% neurons randomly chosen in the

(A) A regular network of 1,000 neurons with connectivity k
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(A) A Erdés-Rényi random
network of 1,000 neurons
with mean connectivity <k>
=4,

(B) The network connectivity
satisfies the Poisson
distribution.

(C) Three typical behaviors of
the network in response to
an external strong
transient stimulation. For
weak synaptic strength
(the black curve), the
network’s response is
weak and fades away
rapidly; for strong synaptic

(b) : (c) 0.9- ——C,=0.1 strength (the blue curve),

0.2- ¥ the network displays a
: strong transient response;
2 . and for moderate synaptic
=0.1-
Q.
0.0- Te-u-u
0 3 6

frequency oscillation.

strength (the red curve),
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the network exhibits high-
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(A And D). Two random networks, each of them having 1,000 neurons, are generated by rewiring a 2D regular

network and a 1D loop, respectively. The rewiring probability is 20%
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(B and E) .The two networks in
A and D have the small-world
topology, and the neuronal
connections satisfy the
Poisson distribution.

(C).Three typical behaviors of
the small-world network in A in
response to a strong transient
stimulation. For weak synaptic
strength (the black curve), the
network response is weak and
fades away rapidly; for strong
synaptic strength (the blue
cure), the network generates a
strong transient response; and
for moderate synaptic strength
(the red curve), the network
oscillates with high frequency.

(F). The behaviors of the
network in D in response to a
strong transient stimulation
with three synaptic strengths.
The network only responds
transiently.
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low-degree loop
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low-degree loop size

300 500
N

100

The size of the longest [

(A) Distribution of the lengths of low-degree loops in a scale-free network of size N = 300. The result is obtained by
averaging 100 randomly generated scale-free networks of the same size.

(B) Length of the longest low-degree loop vs. the number of neurons in a network. Actual values are obtained through
extensively searching all loops in each network, and the upper bounds are calculated theoretically (Fig. S4). For
each data point, the result is obtained by averaging over 100 randomly generated scale-free networks of the same
size.
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Fig. S4. The upper bound of the longest low-degree loop vs. the network size. The length of the longest loop L,,.«
increases linearly with the number of neurons N in the network. Fitted by a linear curve, it L., =~ 0.13983N — 3.05.
For each data point, the result is obtained by averaging over 100 randomly generalized scale-free networks of the
same size. (Inset) Result for N <1,000 with a fine scale.
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in which neurons tend to have higher

(A) A scale-free network of 1,000 neurons in 2D space

connectivity locally.
(B) The connectivity distribution of the network, which satisfies the power law, with y = 1.95.
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(C)The network can retain residual activity elicited by a transient
strong stimulation for more than 90t. (Inset) Network activity
around 90T1. This residue activity serves as a memory trace of the
stimulation. Electrical synapses are used. Parameters are the
same as in Fig. 1 Aand B.
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(D) Network learns to generate rhythmic synchronous firing with a period of 801
after an external stimulation is presented repeatedly for 20 times.
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Two typical behaviors of the scale-free network in Fig. 4A with homogenous
chemical synapses in response to a strong transient stimulation. For weak synaptic
strength (the black curve), the network response is weak and fades rapidly; for
strong synaptic strength (the blue curve), the network oscillates with high frequency.
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