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Exercise 1. (Second-order condition for convexity) Let f : C → Rn be a twice
differentiable function on a convex set C ⊂ Rn. Prove the following statements.

(a) Let n = 1, then f is convex, iff f ′′(x) ≥ 0, ∀x ∈ C.

(b) f is convex, iff ∇2f(x) ≥ 0, ∀x ∈ C.

Exercise 2. (Epigraph) Let f : C → R be a function defined on a convex, non-empty set
C ⊆ Rn. Show that f is convex if and only if the epigraph of f

epi(f) = {(x, y) ∈ C × R | f(x) ≤ y}

is a convex set.

Exercise 3. (Convex and concave functions) Decide which of the following functions are
convex or concave and give reasons.

(a) f(x) =|x|, x ∈ R

(b) f(x) = ‖x‖p, x ∈ Rn and p ≥ 1

(c) f(x) = ex − 1, x ∈ R

(d) f(x) = x1x2, x ∈ R2
>0

(e) f(x) = 1
x1x2

, x ∈ R2
>0


