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Thalamo-cortical spiking models showing the beneficial cognitive and energetic effects of the
interplay among sleep and memories, learned by combining contextual and perceptual information

Sleep essential, in all animal species
Young humans pass the majority of
time sleeping, when learning is faster

= Sleep deprivation detrimental for
cognition, even in adults
* Sleep deprivation, terrible torture

Roles in biological intelligence
* Optimization of energy consumption

Homeostatic processes (normalization of representations
Novel, creative associations and planning

Optimization of performances

Recovery / restorations of bio-chemical optimality

(our opinion) Sleep essential for bio-inspired artificial intellige
Thalamo-cortical spiking model of incremental learning combining perception,

context and NREM-sleep PLoS Computational Biology (2021). B.Golosio, C. De
Luca, C. Capone, ..., P.S. Paolucci. https://doi.org/10.1371/journal.pcbi. 1009045

Sleep-like slow oscillations improve visual classification through synaptic
homeostasis and memory association in a thalamo-cortical model Scientific
Reports (2019). C. Capone, E. Pastorelli, B. Golosio, P.S. Paolucci.
https://www.nature.com/articles/s41598-019-45525-0
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TRENDS in Neurosciences

Larkum, M. A cellular mechanism for cortical associations: an
organizing principle for the cerebral cortex. Trends in
Neurosciences, 36 (2013), 141.
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the European Union



https://www.nature.com/articles/s41598-019-45525-0
https://doi.org/10.1371/journal.pcbi.1009045

Cobrawap (collaborative brain waves analysis pipeline).

Open access. Open to contributions.
Analyse spatio-temporal features of waves of neural activity propagating in the

m
WAP

brain.
Essential to validate simulation models vs. experimental data.

= APE-LAB is a key-designer and developer of cobrawap. Main contributors:

o INFN APE Lab, Roma

G. De Bonis et al, Analysis Pipeline....
Frontiers Systems Neuroscience
(2019), 141.

M. Celotto et al, Analysis and Model of
Cortical Slow Waves...... Methods and

o Jilich Forschunzentrum, Germany ‘J JULICH Protocols (2020), 141.
. I
- IDIBAPS, Barcellona, Spain °|:f"‘ 1 Gtz ol s ALY
o LENS, Firenze Len;
SIS, | UNIVERSITA iy C. Capone et al Simulations
o Universita di Firenze ({@"% ?E%ISEUZDE e RO, Approaching data... Communications
RS N Biology (2023) (in press)
o ISS (Istituto Superiore di Sanita) X £
< L S
7 Jf < Currently developed
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Thalamo-cortical spiking model of C3pability of awake incremental learning BRI
incremental learning combining o _ , _ i Effects of NREM on
perception, context and NREM- ol — | & synapses 0.04
sleep. PLoS Computational Biology o] - ,,,_,l " 3
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CHEP 2019
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Thalamo-cortical spiking model of Burst-Dependent Plasticity and Dendritic

incremental learning combining perception,  /*MPlification Support Target-Based EWroEXA Custom Switch: an innovative FPGA-based
context and NREM-sleep Learning and Hierarchical Imitation Learning  system for extreme scale computing in Europe

Cristiano Capone, Cosimo Lupo, Paolo Muratore, Pier Stanislao Paolucci Proceedings of the 39th
Bruno G°|osi°®1 .29’ Chiara De Luca@s"w*, Cristiano Capone@“, Elena Pastorelli@""‘, International Conference on Machine Learning, PMLR 162:2625-2637, 2022.
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