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Name:

Exercise 1 (10 points).
Let Sn,i,j , Pn,i,j , and Cn, n, i, j ∈ N, be indeterminates. Let

gen1 = C1

genn =

n−1∑
i,j=1

Sn,i,j(geni + genj)

+

n−1∑
i,j=1

Pn,i,j geni · genj

+ Cn

Prove that (genn) is VP-complete.

Exercise 2 (10 points).
Let (fn) ∈ VP and let p(n) be minimal such that that fn ∈ F[X1, . . . , Xp(n)]. Let gn ∈ Endp(n).
Prove that (gnfn) ∈ VP.

Exercise 3 (10 points).
The characteristic polynomial of a matrix A is defined as cA(X) = det(A − X · I) where I is
the identity matrix. Let cA(X) = sA,0X

n + sA,1X
n−1 + · · ·+ sA,n.

1. Show that

sA,0 = (−1)n

sA,k =
1

k

k∑
κ=1

(−1)κ−1sA,k−κ tr(Aκ), 1 ≤ k ≤ n.

2. Show that sA,n = detA.

3. Show that there is a family of weakly skew circuits of polynomial size computing (detn).


