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Exercise 1

1. Give an example of two closed convex sets that are disjoint but cannot be strictly separated.

2. Express the closed convex set {x ∈ R2
+ | x1x2 ≥ 1} as an intersection of halfspaces.

3. Let C = {x ∈ Rn | ∥x∥∞ ≤ 1} , the ℓ∞-norm unit ball in Rn, and let x̂ be a point in the boundary of
C. Identify the supporting hyperplanes of C at x̂ explicitly.

Exercise 2
Are the following functions convex, concave or neither? Here, R++ = {x ∈ R | x > 0}.

1. f(x, y) = x2

y on dom(f) = R× R++

2. f(x, y) = xy on dom(f) = R2

3. f(x) = p
√

xp1 + · · ·+ xpn on dom(f) = Rn
++ and for p > 0

4. The negative entropy f(x) =
∑n

i=1 xi log(xi) on dom(f) = Rn
++. This function appears in many

optimization problems in physics, as thermodynamical systems tend to a state of maximal entropy.

Exercise 3
Let A ∈ Rn ×Rn be a regular matrix, and xc ∈ Rn. Show that the ellipsoid E = {xc +Au | ∥u∥ ≤ 1} is

a convex set (for any norm ∥ · ∥).

Exercise 4
Show that, for any convex function f : Rn → R, its perspective function tf(x/t) with domain {(x, t) |

x/t ∈ dom(f), t > 0} is convex.

Exercise 5*
Let f : Rn → R be a convex function with f(0) ≤ 0.

1. Show that the perspective tf(x/t) is nonincreasing as a function of t.

2. Let g be concave and positive on its domain. Show that the function

h(x) = g(x)f
(
x/g(x)

)
, dom(h) = {x ∈ dom(g) | x/g(x) ∈ dom(f)}

is convex.

3. As an example, show that

h(x) =
xTx(∏n
k=1 xk

) 1
n

, dom(h) = Rn
++

is convex.

page 1 of 1


