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Exercise 1 (10 points).
Given an arithmetic circuit of size s that computes a polynomial h in variables x1, . . . , xn.
Prove that for each i ∈ {1, . . . , n} there exists an arithmetic circuit of size ≤ 4s that computes
the partial derivative ∂h

∂xi
.

Exercise 2 (10 points).
Given an arithmetic circuit of size s that computes a polynomial h of degree d. Prove that
for each i ∈ {0, . . . , d} there exists an arithmetic circuit of size O(d2s) that computes the
homogeneous degree i part of h.

Exercise 3 (10 points).
Let (hn) ∈ VP and let p(n) be minimal such that that hn ∈ C[x1, . . . , xp(n)]. For each n let
gn ∈ Endp(n). Prove that (gnhn) ∈ VP.

Exercise 4 (10 points).
Define the polynomials gensumi,0 = genprodi,0 = xi. For d > 0 define

gensumi,d = genprodi,d−1 + genprodi+2d−1,d−1,

genprodi,d = gensumi,d−1 · gensumi+2d−1,d−1 .

(1) Prove that gensumi,d is a polynomial in the variables xi, xi+1, . . . , xi+2d−1.

Define genn = gensum1,dlogne, where dlog ne is the binary logarithm rounded up.

(2) Prove that (genn) is VPe-complete.


