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Efficient simulation of large-scale spiking neuronal networks is important for neuroscientific research,
and both the simulation speed and the time it takes to instantiate the network in computer memory are
key factors. NEST GPU is a GPU-based simulator under the NEST Initiative written in CUDA-C++ that
demonstrates high simulation speeds with models of various network sizes on single-GPU and multi-GPU
systems [1–3]. On the path toward models of the whole brain, neuroscientists show an increasing interest
in studying networks that are larger by several orders of magnitude compared to local circuits. Here, we
show the performance of our simulation technology with a scalable network model across multiple network
sizes approaching human cortex magnitudes. For this, we propose a novel method to efficiently instantiate
large networks on multiple GPUs in parallel. Our approach relies on the deterministic initial state of
pseudo-random number generators (PRNGs). While requiring synchronization of network construction
directives between MPI processes and a small memory overhead, this approach enables dynamical neuron
creation and connection at runtime. The method is evaluated through a two-population recurrently
connected network model designed for benchmarking an arbitrary number of GPUs while maintaining
first-order network statistics across scales. The benchmarking model was tested during an exclusive
reservation of the LEONARDO Booster cluster. While keeping constant the number of neurons and
incoming synapses to each neuron per GPU, we performed several simulation runs exploiting in parallel
from 400 to 12,000 (full system) GPUs. Each GPU device contained approximately 281 thousand neurons
and 3.1 billion synapses. Our results show network construction times of less than a second using the
full system and stable dynamics across scales. At full system scale, the network model was composed
of approximately 3.37 billion neurons and 37.96 trillion synapses (∼25% human cortex). To conclude,
our novel approach enabled network model instantiation of magnitudes nearing human cortex scale while
keeping fast construction times, on average of 0.5 s across trials. Note, however, that the model used here
only establishes local connections instantiated between neighboring groups of GPUs while long-range or
inter-area connections are more costly to create and require significantly longer construction times. The
stability of dynamics and performance across scales obtained in our model is a proof of feasibility paving
the way for biologically more plausible and detailed brain scale models.
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