Exercises for Place fields and neural ideals 1

1. Construct a realization of the code

C= {0000, 1000, 0100, 0010, 1100, 0110, 0101, 1101, 0111}.

2. Let C be a code, and let o and 7 be subsets of [n] = {1,...,n} such that o N7 # (.

(a) Describe what the RF relationship
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captures, in a realization U of C.
(b) Construct an example of this for n = 6, where o = {1,2,3,4} and 7 = {3,4,6}.

(c) Express this condition algebraically, in terms of the neural ideal Je.

3. Show that the ideals J = (x1(1 — x9)xs, x120w3) and K = (zy23) in Folxq, x9, 23] are
equal. Find a code C for which J = J¢, sketch the place fields, and compute the canonical
form.

4. Consider the place fields U = {Uy, ..., Us} shown below.

(a) Write down the corresponding code C(U). Explain why it contains 15 binary strings,
despite there being 16 connected regions.

(b) Write down the vanishing ideal I, and the neural ideal Jz. Find a minimal generating
set for each.

(c¢) Construct the simplicial complex A(C).

(d) Find another collection of place fields that has the same simplicial complex.

5. Explore the Neural Ideal Sage package, at https://github.com/e6-1/NeuralIdeals, or
the Matlab package, available at https://github.com/nebneuron/neural-ideal/.
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