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1. Computational modeling of network dynamics.

We modelled the dynamics of single nanowire junctions and the electrical properties of the network using
Matlab R2017b (Mathworks).

Our model is based on previous work on single junction dynamics in Ag.S atomic switches?. In this
model, it is assumed that a single junction acts as a resistive atomic switch. The resistance of this switch is
considered to arise from the formation of a single Ag atomic bridge or filament building up across the junction
formed by overlapping nanowires. The growth of this conductive filament is regulated by the amount of current
flowing through the junction and the resistance of the junction decreases linearly until reaching a saturation value
when the silver filament length is equal to the junction gap. In previous work?, the relation between resistance
and junction filament length (or width) is obtained following the classical model of the memristor?. In this model,
junction resistance decreases linearly from a disconnected (or open) state of high resistance when junction
filament length is below a given formation threshold, to a connected (or closed) state of low resistance whenever
this threshold is reached®. Based on our experimental observations, we typically use three orders of magnitude
for the open/closed resistance ratio and a filament length of 3 nm.

Following Sillin et. al.%, we also considered a decay term for the Ag filament evolution that accounts for
the inherent instability of the junctions once the current flow is removed or reduced. The junction lifetime was
setto 1 s. However, this model neglects the sudden conductance drops that arise whenever filaments are broken,
as the resistance decreases linearly with filament length, as well as the susceptibility of large current carrying
junctions to break apart. To account for this effect, we consider that the junction is broken (switches from closed
to open) whenever the filament length surpasses a given dissolution threshold length, equal or smaller than the
formation threshold length (3 nm).

To model the network dynamics, single nanowires are scattered on a two-dimensional grid with uniform
random orientation and position. Overlapping points between nanowires are considered as junctions, and the
network is transformed to a graph representation by considering nanowires as nodes and junctions as edges.
This way, the physical network is translated to an abstract graph representation in which the adjacency, or
laplacian matrix, is readily obtained to solve Kirchhoff’'s current equations at each time step, thus giving the
voltage distribution on every node of the network, as well as the current going through edges. Simulation is
further carried out by evolving the state of individual junctions with these currents, after which electrical resistance
of the network and individual edges are computed with the evolved junction state. In the present simulation, a
current source and sink are placed on individual nanowires at either end of the network, with a bias voltage
applied to reproduce the effect of the physical double-probe experimental measurement scheme.



2. Typical activation time series in Ag-PVP nanowire networks.
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Figure S1: a) to d): Archetypical activation time series measured from different Ag-PVP nanowire networks. Although all activation
curves exhibit a similar sigmoidal shape, the time to activate the network as well as the threshold voltage are different.
Interelectrode distance was the same in the four cases. Measurements taken with a Keithley-SMU. Current Compliance: 10mA.



3. Analysis of current distribution in simulated network.
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Figure S2: Histograms (blue) showing the proportion of individual NW-NW junctions carrying a given current. Current axis is
shown in log scale from pA to tenths of uA. The cumulative probability distribution is also shown (black line).



4. Analysis of distribution of switching events in stochastic breakdown of junctions.

In Figs. S3a and S3b, we have obtained the distribution of time between consecutive plateaus from the
complete set of measurements showing random decay (Fig. 3 of main text). As explained in the main text, the
majority of decay traces drop in conductance immediately after switching the voltage from a super-threshold
value to a sub-threshold value, with a percentage of curves decaying in irregular and step-like fashion with
plateaus of different lengths and conductances (Fig. S3a). To further inspect the random nature of these events,
we have considered that the onset of a drop in conductance followed by a plateau (switching event) is produced
by a random junction breakdown event within the network. The distribution is shown in Fig S3b. Assuming a
single energy barrier between junction formation and dissolution, we approximate the distribution to a Poisson
distribution in which the probability of switching within time At at a time t is given by *:

P(D=At/teT (1)

The fitted distribution follows the distribution of switching events with a typical time t of 35.3s.
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Figure $3: a) Typical decay, or network deactivation profile acquired during 100 s after applying square pulses. The voltage applied
to the network to probe decay state evolution was 10mV. In this example, red arrows point to the time that different decay
switching events, which are followed by a conductance plateau, occurs. The distribution of the time between switching for a set
of 100 decay curves has been plotted in figure b). The histogram bin size is equal to 10s. A red line, overlaid to the distribution,
shows the fitted Poisson distribution of the data. A characteristic switching time, 1=35.3s, is observed.



5. Comparison of beta distributions for other systems.

In Fig. S4, we compare the distribution of beta values when voltage magnitude and time of application
are varied randomly for a PVP-Ag network, as well as for a fixed unique resistor with a value of 500 kQ attached
in series to the measurement and amplification system instead of the network. In the latter case (Figs. S4 (a) and
(b)) the behavior of the resistor is perfectly ohmic, with very small fluctuations. The resulting beta magnitudes are
approximately zero, consistent with thermal (white) noise from the resistor and measurement system. Fig. S4(c),
shows the measured current time series for a PVP-Ag network under the influence of randomly varying voltage
and acquisition times, in contrast to the measurement scheme described in the main body of the text, for which
the voltage was linearly ramped up/down in small voltage steps and the time was kept fixed for every voltage
value. In Fig. S4 (d), the beta magnitude distribution is similar to Fig. 5 (e), but slightly shifted towards larger
values, as well as with a more pronounced tail at large beta values (close to 2). Thus, by randomly changing the
voltage we remove the “feedback” effect persistent when voltage is slightly reduced (which does not compromise
the transport backbone of the network) to produce more randomly fluctuating dynamics.
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Figure S4: a) Time series of current acquired in a 500 kQ resistor with varying random voltages (from 0 to 3 V) and times (from 0
to 10 s). All the series are stacked in the same graph, and shifted to the origin for clarity. b) Distribution of beta magnitudes
obtained from the slope of a power-law fit to the PSD computed from every time series (a). c) Current time series obtained from a
PVP-Ag nanowire network with varying random voltages (from 0 to 3 V) and times (from 0 to 50 s). d) Beta magnitude distribution
obtained from the PSDs in (c).
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