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1: Activity in networks with current-based synapses and SCC distributions at the onset of negative mean network
SCCs.Network activity (spike rastergram, network activity A(t), power spectral density of network activity and average
single-neuron spectrum (S5, (f))), SCC distribution and mean IS distribution for N=500 for three different values of 10:
panels (a), (b), (c): I = 40, 50, 60 mV, respectively, which corresponds to the location of the three white stars in Fig.
2. The mean network SCC is maximally negative at Iy = 50 mV, i.e., when power at the network frequency (horizontal
red dashed lines in plots for PSD are at a fixed value of 102 for comparison) increases. Remaining parameter values are
as described in the caption of Fig. 2. The green dashed lines show the mean network ISI (or its inverse in the average
single-neuron power spectrum). No refractory period.
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2: Temporal correlation-decorrelation transitions as a function of network size N and external bias I for the C-fixed
scenario in networks with current-based synapses. Mean network SCC [Eq. (9)] [(a), left] and ISI [Eq. (11)] [(b), left]
together with standard deviations of SCC [(a), right] and of the mean ISI distribution across neurons [(b), right] in the C-
fixed connectivity scenario. The number of synapses onto each neuron is fixed at C' = p(N — 1) with p = 0.2. d = 200s
simulation time. No refractory period.
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3: Two types of temporal correlation-decorrelation transitions are present for the C-fixed case in networks with current-
based synapses. Lineout of Fig. 2(a) along the white dashed vertical line [(a), orange squares] and along the black dashed
horizontal line [(b), orange squares]. Small green circles in A are for a control simulation with a different random seed
and hence for a different network connectivity. Also, the duration of the control simulation was increased to d = 300 s in
contrast to Fig. 2, where d=200s.The green dashed lines are the minimum and the maximum of the SCC distribution for
the control simulation. The blue squares are for smaller values of N = 10 [panel (a)] or I = 25 mV [panel (b)] before the
transition to negative mean network SCCs.
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4: Maximum of PSD of network activity, mean network SCC and network frequency f as a function of 10 for N =
500 [panel (a)] and as a function of N for 10 = 50 mV [panel (b)]. This corresponds to the vertical white line and to the
horizontal black line in Fig. 2. Thus in both cases (a) and (b), the transition correlates with the onset of increase in power
of the network oscillation. d = 200 s simulation time.
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5: Plot of successive ISIs (n + 1st ISI plotted as function of nth ISI) for three different values of 10, corresponding to
the three white stars in Fig. 2. (a) : 10 =40 mV, (b): I0 = 50 mV, (c): I0 = 60 mV. The red solid vertical and horizontal
lines denote the mean ISI. The dashed red line is a linear regression, whose slope is the SCC at lag 1, which is given by
—-0.06, —0.23, —0.03 for panels (a), (b), (c), respectively. These values are close to the mean network SCC. Other parameter
values, except duration of simulation (d = 50 s), are as in Fig. 2.
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6: A fluctuating number of synapses across neurons in networks with current-based synapses decreases the mean
network SCC below zero for a larger range of parameters. The transition [panel (a) left] to negative mean network SCCs
in this case is accompanied by an increase in the standard deviation of the SCC [panels (a) right] across neurons. Mean
network SCC [Eq. (9)] [(a), left] and ISI [Eq. (11)] [(b), left] together with standard deviations of SCC [(a), right] and of
the mean ISI distribution across neurons [(b), right] for the P-fixed connectivity scenario. The average number of synapses
onto a neuron is given by C' = p(N — 1) with p = 0.2. No refractory period.
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7: Correlation-decorrelation transitions for current-based networks in the P-fixed scenario. The mean network SCC
[panels a, b] deviates from zero as the standard deviation of the SCC across neurons [panels (c), (d)] increases. Lineout
of Fig. 6(a) along the white dashed vertical line [(a), orange line] and along the black dashed horizontal line [(b), orange
line]. The green symbols are a control simulation started with a different random seed compared to the simulation shown
in orange, and with different network realizations for each value of I0. The green dashed lines are the minimum and the
maximum of the SCC distributions for this simulation. The magenta diamonds are another control simulation with exactly
the same network connectivity for each value of 10. Hence, the rugged dependence of the mean network SCC for N = 500
is not an artifact of finite simulation time or the setup of the network connectivity. (c), (d): Ensemble standard deviations
of the SCC distribution [lineouts of Fig. 6(a) right panel along the white and black dashed lines]. The blue squares are for
a smaller value of N [panels (a) and (c)] or 10 [panels (c) and (d)] before the transition to negative mean network SCCs.
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8: Mean network SCC (a) and its standard deviation across neurons (b) in the presence of a refractory period in the
C-fixed scenario. The parameter values are like in Fig. 2, but with a refractory period 7, = 2ms
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9: Transition to negative mean network SCCs in a network of conductance-based IF neurons with increasing external
drive. Top: Network activity at v.,+ = 70H z. The network oscillation has a high frequency f ~ 140H z. Bottom: Mean
network SCC and ISI. Thin lines with crosses show minimum and maximum of the SCC distribution. C-fixed scenario
with pN = 25, corresponding e.g., to p = 0.05 for N = 500. Parameter values: n? = 800, for remaining parameters,
see Appendix C.
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10: Transition to negative mean network SCCs in network of conductance-based IF neurons with increasing external
drive. Top: Network activity at ¢,y = 70 Hz for Ti{m 4 = 2.0 ms. The network oscillation has a lower frequency f ~ 80
Hz. Bottom: Mean network SCC and ISI. Thin lines with crosses show minimum and maximum of the SCC distribution.
N = 500. C-fixed scenario with p = 0.05. Parameter values: nf’ = 800, for remaining parameters, see Appendix C.
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11: Transition to negative mean network SCCs in network of conductance-based IF neurons with increasing network
size N. Cfixed scenario with p = 0.05. Thin lines with crosses show minimum and maximum of the SCC distribution.
For N = 500, the network oscillation has the same frequency as in Fig. 9 at the corresponding values of v,;. Parameter
values: nf’ = 800, for remaining parameters, see Appendix C.
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12: The SCC (top panel) of one neuron embedded in the network is very sensitive to the number of presynaptic spikes
(bottom panel), in contrast to the monotonically increasing mean ISI (middle panel). The maximal value of C is 140, and
the abscissa is swept from left to right by letting the pres-synaptic neighborhood size increase from 0 to 140. The dashed
horizontal lines are at an SCC value of zero (upper line) and the online SCC value for the chosen neuron (lower line). The
dashed horizontal line in the plot for the mean ISI is the online value of the mean ISI for the chosen neuron. The different
lines (hardly distinguishable, because they largely overlap) are for 10 random permutations of the order of the presynaptic
spike trains to ensure that the nonmonotonic behavior of the SCC is not a result of a particular arrangement of the order of
presynaptic spike trains.Parameter values: N = 700, p = 0.2 (C-fixed scenario). Iy = 50mV, d = 100s simulation time.
Other parameters as described in the caption of Fig. 2.
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13: Statistics of presynaptic input of one fixed neuron in a network of current-based neurons without refractory period.
From top to bottom: input mean ISI, SCC, and CV. € varies between % and 1 from left to right. (a) small e. (b) large e.
Parameters: N = 500, other parameter values as described in the caption of Fig. 2, in particular, C = p(N — 1) = 100 .
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14: Diffusion approximation for the mean network SCC (top of each panel) and ISI (bottom of each panel) as a function
of I0. (a) N = 500. (b) N = 1000. Red circles: full network simulation (FN). Green squares: single neuron offline
simulation using the DA Eq. (12) with oy = 1.0. Error bars for the full network simulation indicate + one standard deviation
of the SCC distribution. Parameter values: C-fixed scenario with C' = p(N — 1). Simulation time d = 200 s.
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15: Noise-reduced diffusion approximation for the mean network SCC (top) and ISI (bottom). (a) N = 500. (b)
N = 1000. Red circles: full network simulation (FN). Blue diamonds: iPP approximation (iPP). Green squares: single
neuron offline simulation using the DA Eq. (12) with a.; = 0. Error bars for the full network simulation indicate + one
standard deviation of the SCC. The thin red lines indicate the minimum and maximum of the online SCC distribution for
each value of . Parameter values as described in the caption of Fig. 14.
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16: Effect of smoothing width o, and o ; on the performance of the DA [Eq. (12)]. Solid lines: single neuron offline
simulation using the DA Eq. (12) with three values of a; as indicated in the legend. The black dashed lines are results
from the online full network simulation, which do not depend on a; or o,,. Parameter values (analogous to Fig. 15 A for
Iy =50mV): N =500, C = p(N — 1) fixed, p = 0.2, Iy = 50 mV. Simulation length d = 300 s.
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17: Noise-reduced DA [Eq. (13) with oy = 0.66]. Diffusion approximation for the mean network SCC (top) and ISI
(bottom).(a) N = 500. (b) N = 1000. Red circles: full network simulation (FN). Blue diamonds: iPP approximation
(iPP). Green squares: single neuron offline simulation using the DA Eq. (13) with oy = 0.66. Errorbars for the full network
simulation indicate + one standard deviation of the SCC. The thin red lines indicate the minimum and maximum of the
online SCC distribution for each value of 1. Parameter values as in Fig. 14.
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(bottom). (a) N = 500. (b) N = 1000. Red circles: full network simulation (FN). Blue diamonds: iPP approximation
(iPP). Green squares: single neuron offline simulation using the DA Eq. (12) with oy = 0. Error bars for the full network
simulation indicate + one standard deviation of the SCC. Parameter values: C' = p(N — 1) fixed, Ip = 50 mV. Simulation
time d = 300 s
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