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Exercise 2.1: Let P and Q be two polyhedrons in Kn. Prove that the closure
conv(P ∪Q) is a polyhedron and specify polyhedrons P,Q such that conv(P ∪Q) is
not a polyhedron.
Here conv(Y ) :=

{∑k
i=1 λixi : k ∈ N, 0 ≤ λi ≤ 1, xi ∈ Y for 1 ≤ i ≤ k; ∑k

i=1 λi = 1
}

is the convex hull of a set Y ⊆ Kn. (4 Points)

Exercise 2.2: (Three equivalent characterizations of vertices)
Let A ∈ Km×n, b ∈ Km, and P = P (A, b) := {x ∈ Kn : Ax ≤ b}. An element x ∈ P
is called an extreme point if there are no two elements y, z ∈ P different from x
(x 6∈ {y, z}) such that x is a convex combination of y and z, i.e. there is no λ ∈ [0, 1]
with x = λy + (1− λ)z. Let x? ∈ P . Show

1. If x? is a vertex of P , then x? is also an extreme point of P . (2 Punkte)

2. If there is a subsystem A′x ≤ b′ of Ax ≤ b for which A′x? = b′ with rank(A′) =
n, then x? is a vertex of P . (3 Punkte)

3. Let x? be an extreme point of P , then there is a subsystem A′x ≤ b′ of Ax ≤ b
for which A′x? = b′ and rank(A′) = n hold. (3 Points)

Exercise 2.3: Prove that any set X ⊆ Kn with |X| > n + 1 can be decomposed
into subsets X1 and X2 such that conv(X1) ∩ conv(X2) 6= ∅. (4 Points)

Exercise 2.4: Let X ⊆ Kn and y ∈ conv(X). Prove that one can find x1, . . . , xn+1 ∈
X with y ∈ conv({x1, . . . , xn+1}).

(4 Points)
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