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Enhances Learning and Power in Multi-layer Spiking Network

Leonardo Tonielli'*, Giulia De Bonis!, Alessandro Lonardo!, Cosimo Lupo!, Elena Pastorelli!,

Francesco Simula! and Pier Stanislao Paolucci!

I'Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Roma
“leonardo.tonielli@unicampus.it

Motivation

Wakefulness (AA) NREM sleep (Al)
Temporal Missing contextual
coincidence of coincidence
d/ T
| and/or ? < and/or ?, ¢
Sensorial input / Lower I I Reduced

hierarchy input Sensorial input

200pm

High-frequency activity Low-frequency activity

Slow Waves activity

Apical Amplification [1-3] (AA) 1s believed
to play a crucial role during wakefulness [4],
inducing high-frequency bursting enabling the
detection of temporal coincidences between
internal priors and perceptual signals. During
learning, AA supports the formation of novel
experience specific neuronal assemblies
while avoiding catastrophic forgetting.

Results

Apical Isolation (Al) is thought to decouple somatic and
apical compartments during deep sleep [5]. Al restricts
processing to local interactions 1gnoring inter-areal
contextual information conveyed by projections from non-
specific thalamic nucler targeting the apical tuft. During
NREM sleep Al should facilitate local synaptic
optimization within cortical areas, with cognitive and
energetic benefits observed during post-sleep wakefulness.

Sleep Benefits on Cognitive and Energetic Performance
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* Most-active neuron classification accuracy (10 classes, 25
example per class, averaged over 100 configurations)
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* Classification accuracy enhanced
* Power consumption reduced
* General firing rates reduction

* General homeostatic depression of cx-
cX, cx-th and th-cx synapses

* Class specific associations of cx-cx and
cx-th synapses

Sleep Effects on Synapses
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* Cortico-cortical (cx-cx), cortico-thalamic (cx-th) and
thalamo-cortical (th-cx) connections.

* Post- to pre-sleep normalized synapses: same input 1image
(blue), same nputs class (brown), non-specific (green)
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