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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.

8r . 3r ’
* spike counts ! e decoded stimulus (MSE = 0.08) //
7r nonlinear encoding: — — equality 7
T k=165x,=0 2r L,/
67 |- - linear estimate 3 G
5 /
E 1} -
§ @ -
3 8 -
o g or
2 S -
& T -
=-1r
5 -
2 * e
=, ,
/
/
/
. . 3 . ,
4 6 -5 0 5
stimulus value
0.14 4r
0.12
0.1 5
g b5}
c
3 0.08 s
2
@0.06 *g,
& 3
0.04 @
0.02
0
0 1 2 3 4 5 6 7 -5 0 5
spike count stimulus value

Figure 2: Nonlinearity that maximizes entropy.



Problem 2.5

Find the parameters of the nonlinearity that minimize the average reconstruction error {(s — §)?).
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Figure 3: Error surface for varying encoding parameters.
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Figure 4: Nonlinearity that minimizes reconstruction error.



Problem 2.6

Vary the mean u of your stimulus distribution (keeping the variance fixed), and compute the optimal values
of k and x( as a function of u. Repeat, varying the variance o2 while keeping the mean fixed.
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Figure 6: Optimal nonlinearity parameters for different stimulus variances.



Problems 2.7-2.8

Find the optimal nonlinearity parameters as a function of input noise, o2, and output noise, o2,,.

input noise

o o o
~N © ©

optimal slope k

o
o

0.5

0.4 -

optimal slope k

3.5

N
&)

m?

output noise

Figure 7: Optimal nonlinearity parameters for a different levels of input noise.



Problems 2.9

Compute the average reconstruction error as a function of the mismatch between the stimulus mean g and
the system’s internal estimate of the mean . Repeat for the mismatch between the stimulus variance o>
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.
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Figure 9: Reconstruction error, average spike count, and entropy as a function of the mismatch
between the true and estimated stimulus variance.



