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PERCEPTION AS INFERENCE
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STATISTICALLY OPTIMAL LEARNING
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STATISTICALLY OPTIMAL LEARNING
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PROBABILISTIC COMPUTATIONS IN THE BRAIN
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NEURAL ACTIVITY AS REPRESENTING SAMPLES

I,, response of neuron 2

Iy, response of neuron 1

@

I': response
S: stimulus

Natural explanation for neural variability, bistable perception,

neural response to illusory contours, ...

(Hyvarinen & Hoyer, 2003; Lee & Mumford, 2003; Sundareswara & Schrater, 2008)



SPONTANEOUS ACTIVITY AS PRIOR PROBABILITY
Electrophysiological data: SA is high, related to EA
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HALLMARKS OF OPTIMAL LEARNING
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HALLMARKS OF OPTIMAL LEARNING

pg(S) — preal(s) Optimal Iearning

po(r) > / Do ([8)Preat(5)ds

psa(r) > <PEA(1"‘S)>,)1M(S)
spontaneous evoked natural
activity activity images
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HALLMARKS OF OPTIMAL LEARNING

Predictions
1)The distribution of spontaneous activity and that of

evoked activity will become more and more similar
with visual experience
2)The match will only hold for natural stimuli

psa(r) > (PeA(TS)), (9

spontaneous evoked natural
activity activity images
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NEURAL RECORDINGS

awake ferrets

aged P29 (eye opening) — P151 (mature visual system)
multi-unit recordings from layers 2-3 in V1

16 electrodes, with 200 um spacing
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NEURAL RECORDINGS

awake ferrets

aged P29 (eye opening) — P151 (mature visual system)
multi-unit recordings from layers 2-3 in V1

16 electrodes, with 200 um spacing

2E 9 Movie evoked activity

. Spontaneous activity in darkness
F Control stimuli:
/ * dynamic block noise
d

e drifting gratings
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SPONTANEOUS ACTIVITY — EVOKED ACTIVITY

KL divergence (bits/sec)

Sloan-Swartz Meeting, 28 July 2009

800¢
700¢
600}
500¢
400¢
300¢
200¢
100¢

: rho =-0.70
: , P<0.01
%
30 60 90 120 150
age (days)

Pietro Berkes, Brandeis University

18



SPONTANEOUS ACTIVITY — EVOKED ACTIVITY
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SPATIAL DEPENDENCIES MATTER
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SPATIAL DEPENDENCIES MATTER
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NETWORK DYNAMICS
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NETWORK DYNAMICS
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KL divergence (bits/sec)
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TEMPORAL DEPENDENCIES ALSO MATTER
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MATCH IS SPECIFIC TO NATURAL STIMULI
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SUMMARY OF LEARNING
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SUMMARY OF LEARNING
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SUMMARY OF LEARNING
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SUMMARY

* The distributions of spontaneous activity and that of movie
evoked activity become more and more similar with visual
development
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* The distributions of spontaneous activity and that of movie
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 The match is specific to natural stimuli and due to a match in
spatial and temporal correlational structure
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SUMMARY

* The distributions of spontaneous activity and that of movie
evoked activity become more and more similar with visual
development

* By adulthood, the two distribution are not significantly
different

 The match is specific to natural stimuli and due to a match in
spatial and temporal correlational structure

* These results confirm our predictions, and are thus
supporting evidence for optimal inference and learning in the
primary visual cortex
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