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Exercise 1. (Convex sets and figures) Show that the following sets are convex.

(a) The set C =
⋂
i∈I
Ci as intersection of convex sets Ci where I is an index set.

(b) A slab {x ∈ Rn | α ≤ aTx ≤ β} with a ∈ Rn
6=0 and α, β ∈ R.

(c) A rectangle {x ∈ Rn | αi ≤ xi ≤ βi, i = 1, . . . , n} with αi, βi ∈ R, 1 ≤ i ≤ n.

(d) A wedge {x ∈ Rn | aT
1 x ≤ β1, a

T
2 x ≤ β2} with a1,a2 ∈ Rn

6=0 and β1, β2 ∈ R.

Hint: Halfspaces {x ∈ Rn | aTx ≤ b} with a ∈ Rn
6=0 and b ∈ R are convex sets.

Exercise 2. (Polyhedron) Which of the following sets S ⊆ Rn describe a polyhedron?
Describe, if possible, the set as S = {x ∈ Rn | Ax ≤ b, Cx = d} with
A ∈ Rm×n, C ∈ Rp×n, b ∈ Rm, d ∈ Rp.

(a) S = {y1a1 + y2a2 | −1 ≤ y1 ≤ 1, −1 ≤ y2 ≤ 1} with a1,a2 ∈ Rn.

(b) S = {x ∈ Rn | x ≥ 0,
∑n

i=1 xi = 1,
∑n

i=1 xiai = b1,
∑n

i=1 xia
2
i = b2} with

a1, . . . , an ∈ R and b1, b2 ∈ R.

(c) S = {x ∈ Rn | x ≥ 0, xTy ≤ 1 for all y with ‖y‖2 = 1}.

(d) S = {x ∈ Rn | x ≥ 0, xTy ≤ 1 for all y with ‖y‖1 = 1}.

Exercise 3. (Semidefinite matrices and cones)

(a) Show that the eigenvalues of a positive semidefinite matrix are nonnegative.

(b) Prove the following equivalence for the positive semidefinite cone in S2.

X =

(
x y
y z

)
∈ S2

≥0 ⇐⇒ x ≥ 0, z ≥ 0, xz ≥ y2.


