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1 EARTH MOVER’S DISTANCE
The Earth Mover’s Distance (EMD) is a metric that evaluates the distance between two probability
distributions. It is equivalent to the 1st Wasserstein distance between two distributions.

The 1st Wasserstein distance is defined as follows (Panaretos and Zemel, 2019; Frohmader and Volkmer,
2021): let χ be a metric space endowed with a metric d and µ and ν be two probability measures on χ.
Also let Γ(µ, ν) be the set of probability measures γ on χ× χ so that the measure γ has marginals µ and ν
on each axis. The pth-Wasserstein distance can be written as

Wp(µ, ν) =
(

inf
γ∈Γ(µ,ν)

∫
χ×χ

d(x, y)pdγ(x, y)
)1/p

(S1)

This relation yields the given interpretation of the Earth Mover’s Distance. In particular, given a γ ∈ Γ(µ, ν)
and two locations (x, y), the quantity d(x, y)p quantifies the amount of work necessary to move a unit of
mass from x to y, and the infimum of the integral thus returns the minimum amount of work needed to
reshape µ distribution into ν.

Furthermore, equation (S1) can be rewritten when χ = R1 (ergo d(x, y) = |x− y|). Letting FX be the
cumulative distribution function (CDF) of a distribution X and F−1

X (q) = inf{x : FX(x) ≥ q}, q ∈ (0, 1)
the quantile distribution of X (i.e. the inverse cumulative distribution), it is shown in Ramdas et al. (2017)
that

Wp(µ, ν) =
(∫ 1

0
|F−1
µ (α)− F−1

ν (α)|pdα
)1/p

. (S2)

In the particular case of the 1st Wasserstein distance (i.e. p = 1), as discussed in Vallender (1974), equation
(S2) reduces to

W1(µ, ν) = EMD(µ, ν) =

∫
R
|Fµ(t)− Fν(t)|dt. (S3)

that is the equation used by the Python scientific library SciPy (Virtanen et al., 2020) (version 1.5.2) to
compute this metric with the scipy.stats.wasserstein distance function, which takes the
values of the distributions as input, computes their CDF and finally returns the result of the integral (S3).
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2 EMD BOX PLOTS
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Figure S1. Earth Mover’s Distance between distributions of firing rate, CV ISI and correlation of the spike
trains obtained from all the areas of the model in the ground state simulated with NEST and NEST GPU.
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Figure S2. Earth Mover’s Distance between distributions of firing rate, CV ISI and correlation of the spike
trains obtained from all the areas of the model in the metastable state simulated with NEST and NEST
GPU.
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3 SPIKES DELIVERED ACROSS MODEL AREAS
In this section are shown some additional information about the spikes delivered within the areas of the
model (ergo between different MPI processes). Indeed, the simulations employ 32 nodes with one MPI
process each, in every one of which is simulated one area of the multi-area model. Figure S3 shows that
the vast majority of the spikes emitted in a second of biological time are delivered within the same area,
and only a small fraction of the spikes is delivered to different areas because the inter-area connections
represent only a minority of the total connectivity of the model (Schmidt et al., 2018). Therefore, the NEST
GPU neuron distribution, which exploits spatial locality, strongly reduce the amount of spikes that have to
be carried out by communication between MPI processesand thus contribute to the overall simulation time
reduction.
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Figure S3. Spikes delivered in a simulation of the full-scale multi-area model in the metastable state. (A)
Heatmap of the number of spikes delivered from each area of the model for a second of biological time.
The diagonal elements show the total number of spikes fired by the neurons within the model area, whereas
the off-diagonal elements show the number of spikes delivered to different areas of the model. (B) Fraction
of spikes delivered to different areas of the model (i.e. to different MPI processes), obtained with the ratio
between the number of spikes sent by a source area to every other area of the model and the total number
of spikes emitted by the source area neurons.
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