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Exercise 6.1. Let X ∈ {±1}n×n be a symmetric matrix whose entries are 1 or −1. Show that X is
positive semidefinite if and only if X = xxT for some x ∈ {±1}n.

Exercise 6.2. Let G = (V,E) be a graph and w ∈ RE
+ a nonnegative weight function on the edges

of G. Show:
sdp(G,w) ≤

∑
{i,j}∈E

wij .

What does this imply for bipartite graphs?

Exercise 6.3. (Hand-in)

(a) Let G = (V,E) be a graph with |V | = n and non-negative weigths w ∈ R|E|+ . Show:

mc(G,w) = max
∑
{i,j}∈E

wij
arccos(vTi vj)

π

v1, . . . , vn ∈ Rn

‖vi‖ = 1 for all i ∈ [n]

(b) Show: For unit-vectors v1, . . . , v7 we have:∑
1≤i<j≤7

arccos(vTi vj) ≤ 12π.

Exercise 6.4. (Hand-in)

(a) Use a computer to solve sdp(P,1) for the Peterson
graph P (see figure), then use your result to deter-
mine mc(P,1). Here 1 denotes the constant weight
function with wi = 1, for i ∈ V .

(b) Let Cn = (Vn, En) be the cycle graph with n verti-
ces, defined by

Vn = {1, . . . , n} and En = {{1, 2}, {2, 3}, . . . , {n−1, n}, {n, 1}}.

Compute sdp(Cn,1) for n = 2k + 1 and k ∈ {1, 2, 3, 4}.

Hand-in: Until Wednesday November 21, 12:00 (noon).
Exercises 6.3 and 6.4 to be submitted to the “Convex optimization” mailbox in room 3.01 (Studie-
rendenarbeitsraum) of the Mathematical Institute.


