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Problem 2.4

Determine the parameters of the nonlinearity that maximize the entropy of the distribution of spike counts.
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Figure 1: Entropy surface for varying encoding parameters.
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Figure 2: Nonlinearity that maximizes entropy.
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Problem 2.5

Find the parameters of the nonlinearity that minimize the average reconstruction error h(s� ŝ)

2i.
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Figure 3: Error surface for varying encoding parameters.

-6 -4 -2 0 2 4 6
stimulus value

-1

0

1

2

3

4

5

6

7

8

sp
ik

e 
co

un
t

spike counts
nonlinear encoding:
 k = 1, x0 = -0.1
linear estimate

0 1 2 3 4 5 6 7
spike count

0

0.05

0.1

0.15

0.2

P(
sp

ik
e 

co
un

t)

H = 2.77

-5 0 5
stimulus value

-3

-2

-1

0

1

2

3

lin
ea

rly
-d

ec
od

ed
 s

tim
ul

us

decoded stimulus (MSE = 0.05)
equality

-5 0 5
stimulus value

0

0.5

1

1.5

2

2.5

3

3.5

4

re
co

ns
tru

ct
io

n 
er

ro
r

Figure 4: Nonlinearity that minimizes reconstruction error.
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Problem 2.6

Vary the mean µ of your stimulus distribution (keeping the variance fixed), and compute the optimal values

of k and x0 as a function of µ. Repeat, varying the variance �

2
while keeping the mean fixed.
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Figure 5: Optimal nonlinearity parameters for di↵erent stimulus means.
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Figure 6: Optimal nonlinearity parameters for di↵erent stimulus variances.
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Problems 2.7-2.8

Find the optimal nonlinearity parameters as a function of input noise, �

2
in

, and output noise, �

2
out

.
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Figure 7: Optimal nonlinearity parameters for a di↵erent levels of input noise.
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Problems 2.9

Compute the average reconstruction error as a function of the mismatch between the stimulus mean µ and

the system’s internal estimate of the mean µ̂. Repeat for the mismatch between the stimulus variance �

2

and the system’s internal estimate of the variance �̂

2
.
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Figure 8: Reconstruction error, average spike count, and entropy as a function of the mismatch
between the true and estimated stimulus mean.

1 1.5 2 2.5 3

est

1

1.5

2

2.5

3

tru
e

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

re
co

ns
tru

ct
io

n 
er

ro
r

1 1.5 2 2.5 3

est

1

1.5

2

2.5

3

tru
e

0

1

2

3

4

5

6

7

av
er

ag
e 

sp
ik

e 
co

un
t

1 1.5 2 2.5 3

est

1

1.5

2

2.5

3

tru
e

0

0.5

1

1.5

2

2.5

3

en
tro

py

Figure 9: Reconstruction error, average spike count, and entropy as a function of the mismatch
between the true and estimated stimulus variance.
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