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Advisory Committee: William Bialek (Pri L Byron in, John E. Pearson,
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(University of California, Davis)

Deadlines:

| N Abslract submission April 15, 2007
.LosAIam?s \ CEHOA/- Summer School registration  April 15, 2007
Nonlinear Studies Eﬁrhf rcgiﬁtra["nn June 11 2007

“Travel awards for graduate students and postdocs may be available,
More informalion and applications are available on the conference website.



What and How?

Digital Brain
computer
What Programmable | ?
Memory Bits ?
How Boolean gates | ?
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What?

Our brains are not general purpose computers!
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What? (Predictability)
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More details on What? (prediction in rats)

* Poisson deposition of
rewards

No Yes

Rewards do not accumulate
Possibly variable rate
Changeover delay

Rat matches
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History dependent time scales

Subject & 223 ol es
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Ideal Bayesian change detector
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Abrupt changes
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All (+CP) explained by long term memory

— Immediate past
— 18 hours ago
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Must be non-exponential filter
+ non-Gausian

But 1s it really power law?
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More on What? (flies)

electrode holder
and amplifier

|<— rotation axis

light
(Lewen et al, 2001)

photoreceptors
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How we infer?

t (s)
1.5 1.6 1.7 1.8 ta é
Z : Firing rate, I'T analysis
< 1
= - .
o 0f 1 No subthreshold analysis
- 1 ™ v \ - “
2
=
2
=g
c 5
75 F R B o
g 50 i
5
T=4 L X X J e o o000 L J [ J
— - - [|ooo o0 e o o o
v,‘fhll . N=5{ ese eee eee o o
N -
75 - J.“,:' , d o hhf f | eee oo eee o o
D : Il I f Le0 0 ee0 o000 o0 o
(-] 50 - 26t 4 ] VIV st ar 10101000010010000101010000100001
i =g ’\!_ - o 1010010001010000001 1001000001001
ar .~ p ™ 01110000011010000101010000100010
S D AR 4 ’Fo 00 1‘ ’1 0‘0 11 lHo 00 0‘ 1 01101000010010000101010001000010
Y e 3 —[ f f 1010100001101000001 1010000101001
1.7% 1.762 Wo Wi o Weo . Wea oWy " 4 1‘ A J.« -\L
b= 0000 W,=0010 P (W) Py(W) Py _ (W) Py (W)
Wy=0001 " Wy=1111 SHW)  SH(W) Syt (W) Sy (W)
W — .
P(W, = S(W)=5" "o <S> = :
- Los Alamos / = _S"=<si>=1mMLs] |
NATIONAL LABORATORY = y=s'_g ~ Slide 10
EST.1943
Operated by the Los Alamos National Security, LLC for the DOE/NNSA YR 'D o5

NI A



normalized rate

Adaptation 1-2 (just memory, Adrian 1929)

P(s.r) = 1[p]:<1ogm> Matching mean and variance
P(s)P(r) (whitening) maximizes information
transmission.
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And in a different system (turtle cones)

J Bckgr, logI Adap, log1 0.73
dark 44 ] o ]O
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Log relative intensity

(Normann & Perlman, 1979)

2

Adapting to integrated flux.

(Baylor & i+ 1/3---1/5
Hodgkin, 1974) T o< [, [, <IT
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Adaptation 3 (power law memory)
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Information per spike (bits per spike)
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Long time
disambiguation

No single time scale. Power law?
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Fractional differentiation (nonlocal!)

d* - (io)" - =« o ~16 Nonlocal filter!
Power law memory

.
o - | Linear
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More on decorrelation (whitening)

‘‘‘‘‘‘‘‘

0.1 | ¢

I[(T) = I(stim; resp. dur. T')
_2I(T)-1(@2T)
- IQ2T)

Sends new bits about
almost the same stimulus.

Delta coding?

Need fast spiking to send these new bits? Is it there?
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How? Computing with timing
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Information present up to
T =0.2 ms (comparable to
exparimental noise)

30% more information at
t<1ms.

~1 bit/spike at 150
spikes/s and low-entropy
correlated stimulus.
Design principle?
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How? Computing with timing 2

800 |
400 b=
@ v Tl
© ’
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2ms ‘ 2ms
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600 . ) e -600 . Equivalent Gaussian disctiminability | ——
-60 -40 -20 0 20 -60 -40 -20 0 20
t, ms t, ms
Signal shape Zero-crossings time
But: how? (see Fairhall et al, Bialek et al, previous talk)
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How? Long term memory

* No long range memory in 1d systems (unless long range
interactions put in by hand). H1 - no feedbacks, no “by
hand.” How?

e Biochemical? STDP? But is there time for STDP for 1s
long adaptation? For Delta-coding? Will LTP/D be
destroyed by other activities?

 Even if “yes”, still no mechanism.
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Multiple time scales in a synapse?

Fast to write, long to keep.
Strong to write.
Stable to other memories written.

No need to recall to store.
strong

weak

Ajonse|delasw

Y

plasticity
» Los Alamos
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But put in by hand,
Simple redundancy,
and no known biology.
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What and How?

Digital Brain
computer
What? Programmab|e Programmable? Not sure!
PDFs, Long Range Correlations,
Adaptation, Spatiotemporal
Decorrelation, +
Memory? Bits Synaptic plasticity?
How? Boolean gates | Spike timing + ...
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