Coarse graining to capture “relevant”
information in biological systems
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Outline:

e your eye Is a computer

e neurons are a bit like spins
e connections to NPRG

e progress on linking biological to
RG notions of “relevance”



Is anything In
biology
“optimal”?




optimal coding:
max(info) + constraints

1

behavioral
goals



The retina is a piece of the central brain out in the eye:
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H Wassle, Nature Reviews Neurosci (2004)
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Neurons “speak” in binary words:
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Bialek (2011)

Zipf plot of all data:
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Neural word distributions are ~ power law

Zipf plot at fixed time in repeat:
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SEP + Schwab + Berry + Marre, unpublished



Standard approach to modeling neural activity:
(pairwise) maximum entropy
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Processing delays mean the brain
has to make predictions:




The retina performs a lot of complex computations:

Motion anticipation Reversal response

smooth motion reversal
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The Information Bottleneck tradeoff:
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A bar stimulus with both predictable and
non-predictable motion components:
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Recording from the salamander retina

images courtesy of Ronen Segev



Recording from the rat retina:

data collected with the Marre Lab, Paris, France


http://wired.co.uk

Retina populations carry info about the future:
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Retina populations carry info about the future:
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SEP, Marre, Berry, Bialek PNAS (2015)
Salisbury + SEP J Stat. Phys. (2016)



Adding computational goals to optimal coding:

Stuture
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Gaussian IB is analytically tractable:

mmp(X‘X)I X X — B X Y

Start with P(X,Y)

Solve for Py(X, X)

mmW\max M

How you coarse-grain a signal X depends on what you wish to recover from the coarse-graining

pincreases along
curve

3-dim

I(X;X)

Gaussian P(X, Y) is exactly solvable!

)~( — A)Z + g Linear projection + noise

_041 1T 771 ]
85 Vs -
— + &
anr | |5 Unit variance,
- - T Zero mean,
Weights depend «cqllective  Gaussian
on IB scale modes”

Tishby, Pereira, Bialek (1999)
Chechik, Globerson, Tishby, Weiss (2005)



Measuring optimal prediction in the retina:

L = Ipast — Blfuture

O 1

Tishby, Pereira, Bialek (1999)

Bialek, Nemenman, Tishby (2001)

Chechik, Globerson, Tishby, Weiss (2005)

Palmer et al. PNAS (2015)

Salisbury & Palmer J Stat Phys (2016)

Sachdeva, Mora, Walczak, Palmer PLoS CB (2021)
Palmer and Kline, New J. Phys (2022)



Spiking patterns sit close to the bound:
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Retinal populations saturate the bound.
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Retinal populations have as much predictive info
as they possibly could:
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Coarse-graining in a neural population:

toroidal DLP projector
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Connecting IB to RG via NPRG:

Ps(x|x) = argminpx|y) 1(X; X) — BI(X;Y)
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Chechik, Globerson, Tishby, Weiss (2005)

Kline + SEP, New J. Phys. 24.3 (2022)



A soft cutoff, and computing the regulator:
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only when P(X,Y)

Gaussian .
Gaussian

almost always

almost always

non-Gaussian
the case

probably intractable




Retinal neurons contribute to many behaviors:

Optic nerve Optic tract

Optic chiasm
Hypothalamus:

regulation of

Late.ral circadian
geniculate rhythms
nucleus

Pretectum:
. reflex control
Optic of pupil to light

radiation

Superior colliculus:
orienting movements

Striate cortex of head and eyes

Neuroscience online, Ch. 15 Valentin Dragoi (2020)



Natural scenes are complex, full of “relevance” features:




Analyzing local flow:

Jared Salisbury



Removing static spatial correlations:
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Multiple notions of scale in natural scenes:




Multiple notions of scale in one system:

Bad classifier
(high-temp phase)
—— Good classifier
(low-temp phase)

P(y1)

1 1
H(9) = Sugy Sads + Jtepadadrdcda

. 4 3 3 2
Ry, = min {k (T =200, Ge T, ) = Tf) 0]

One can change the scaling properties and collective

mode ordering by changing how third and fourth-order
Kline + SEP, New J. Phys. 24.3 (2022)

vertices relate to the second-order vertex. C Wetterich, Phys. Lett. B 301.1 (1993)
DF Litim, Phys. Rev. D 64.10 (2001)



Summary:
® brains “see” different things
® working on an RG framework

® compute your regulator!
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