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What Does the Brain Compute,
and How do we infer it?
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What and How?

?Boolean gatesHow

?BitsMemory

?ProgrammableWhat

BrainDigital
computer
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What?

Our brains are not general purpose computers!
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What? (Predictability)

T
T=0

x I pred = I xpast{ } | x future{ }( ) < I0 length of past( )

Maybe, but don’t know yet…



Slide 5
Operated by the Los Alamos National Security, LLC for the DOE/NNSA

More details on What? (prediction in rats)

No Yes • Poisson deposition of
rewards

• Rewards do not accumulate

• Possibly variable rate

• Changeover delay

• Rat matches

For Greg: info is used!
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History dependent time scales

 ! = 30…100 +min
 ! = 1…2min

Ideal Bayesian change detector
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Abrupt changes

Often unwarranted, but only after a few prior changes. Metastability?

Other animals (again notice delay)
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All (+CP) explained by long term memory

Must be non-exponential filter 
+ non-Gausian

But is it really power law?
(more to come)
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More on What? (flies)

(Lewen et al, 2001)

light

record
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How we infer?

Firing rate, IT analysis
No subthreshold analysis
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Adaptation 1-2 (just memory, Adrian 1929)

P(s, r)! I[P] = log
P(s, r)

P(s)P(r)

s

P(s)
r

s

P(s)
r

Matching mean and variance
(whitening) maximizes information

transmission.
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And in a different system (turtle cones)

Bckgr, log I Adap, log I
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Adapting to integrated flux.

Leads to Adaptation 3
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Adaptation 3 (power law memory)

Long time
disambiguation

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

d
!
" i#( )

!

"
$

2
!

! " 1.6
Nonlocal filter!
Power law memory
Linear
Fast: is there time

for STP?
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More on decorrelation (whitening)

I(T ) = I(stim; resp. dur. T )

! =
2I(T ) " I(2T )

I(2T )

Need fast spiking to send these new bits? Is it there?

Sends new bits about
almost the same stimulus.

Delta coding?
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How? Computing with timing

• Information present up to
τ =0.2 ms (comparable to
exparimental noise)

• 30% more information at
τ<1ms.

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

But: how? (see Fairhall et al, Bialek et al, previous talk)

Signal shape Zero-crossings time
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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?

• 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.

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

Spike timing + …Boolean gatesHow?

Synaptic plasticity?BitsMemory?

Programmable? Not sure!
PDFs, Long Range Correlations,
Adaptation, Spatiotemporal
Decorrelation, +

ProgrammableWhat?

BrainDigital
computer


