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Problem Set
1. Let z,y € R™ and let A € R™*™ be a constant matrix.

(a) Show that
Va(z'y) =vy.

(b) Let f:R™ — R be a convex function and define
S={xeR": f(x) <0}.

Show that S is a convex set.
(c) Prove the convex hull of a subset of euclidean space (defined in class) is convex.
(d) Let

An_{pER":piZOforalli, Zpi—l}_

=1

Show that A" is a convex set.

2. Show that
Vo(z Az) = (A+ ATz

3. Deduce that if A is symmetric, then

V.(z' Az) = 2Az.
4. Let x € R™ and let A € R™™*"™ be a constant matrix.

(a) Compute
Vi(z" Ax).

(b) Show that if A is symmetric, then
Vi(z" Az) = 2A.
5. Let A € R™"™ be a symmetric matrix and define
f(z) =a" Az,
Show that f is convex on R™ if and only if A is positive semidefinite.

6. Let
f(z) = || Az — b|)?, A e R™" peR™,
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Compute Vf(z) and V2f(x).
Find all critical points.

Determine whether every critical point is a global minimiser.

fl@) = Az = 0> + Az]?, A >0.

Compute the gradient and Hessian.
Show that f is strictly convex.

Find the unique global minimiser.

flz,y) ="V + z? + 12

Compute V£ and V2f.
Using the Hessian criterion, show that f is convex.

Find the global minimum.

f(z) =log(1 + €®).
Compute f'(x) and f"(z).
Use the second derivative test to show that f is convex on R.

Find all critical points.

f(z) = o — 42

Find all critical points.
Classify them using the second derivative test.

Identify which critical points are global minima.



