
Homework 3

Total 20 points

Due November 5th at 11:59pm

Problem 1. (4 points) Judge whether the following functions are smooth.

(a) f(x) = sinx.

(b) f(x) = ∥x∥1, x ∈ Rd.

Problem 2. (4 points) Judge whether the following functions are strongly convex.

(a) f(x) =
∑m

i=1(a
⊤
i x− bi)

2, ai,x ∈ Rd, m > d.

(b) f(x1, x2) = 1/(x1x2), x1 > 0, x2 > 0.

Problem 3. (12 points)

(a) Suppose that f : Rd → R is α-strongly convex and β-smooth for some β > α. Show that
h(x) = f(x)− α

2 ∥x∥
2 is (β − α)-smooth.

(b) Suppose that f : Rd → R is α-strongly convex and g : Rd → R is β-smooth. Prove that
the function h(x) = f(x)− g(x) is convex if α ≥ β. Is the converse true?

(c) Suppose that f : Rd → R is µ-strongly convex and L-smooth. Show that

⟨∇f(x)−∇f(y),x− y⟩ ≥ µL

µ+ L
∥x− y∥22 +

1

µ+ L
∥∇f(x)−∇f(y)∥22.

(hint: by the conclusion of (a), h(x) = f(x)− µ
2∥x∥

2 is (L− µ)-smooth and convex.)
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