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A) Consider a system that uses a set of tuning functions

fi(x) = αe−(x−ξi)
2/2σ2

where ξi are evenly distributed over a long line and σ2 is large compared with (ξi − ξi−1)
2
. The actual

activities ri have Poisson distributions about fi(x).

1. What is the form of the optimal discrimator for choosing between x = ±ε for small ε?

2. What is the Fisher information in the population about the stimulus; how does this quantity determine
the quality of the discrimination?

3. Plot the weights for the discriminator. How would they differ if the noise corrupting the firing rates
was Gaussian with a fixed variance τ 2 rather than Poisson?

4. If instead we are interested in decoding the population to determine x, what is a Gaussian approxima-
tion to the posterior distribution (assuming a flat prior)?

5. Is there any difference in the weight accorded to the neuron i for which ξi = 0 in your answers to (1)
and (4)? For what reason?

B) Consider the following 2d discrete dynamical system:

xt+1 = f(xt, yt) (1)

yt+1 = g(xt, yt) (2)

where f and g are smooth, differentiable, non-linear functions of their inputs satisfying

f(a, a) = g(a, a) = a ∀a (3)

1. What condition does equation 3 impose on the partial derivatives fx = ∂f/∂x, . . . of f and g?

2. Write down the Jacobian of the discrete dynamics about points x = y. Under what circumstance will
the dynamics be attractive?

3. Consider starting just off the line at x0 = εx, y0 = εy for small εx, εy. By considering the consequences
of iterating the linear dynamics in the case that they are globally attractive to x = y, work out where
on that line they will ultimately converge.
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