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1. Let G be simple undirected graph. Consider the following linear program:

min > Tow
e={v,w}€E(G)
s.t. S Tpw > [1ISP+3IS]] forv e V(G),S CV(G)\ {v}
weSs
Tuw < Tuw + Tow for u,v,w € V(G)
Ty > 0 for v € V(G)
Tpw = 0 for v € V(G)

(a) Show that this is a relaxation of the following problem: Find distances x,, for the nodes

of GG such that > ZTyw 18 minimized under the condition that there is an ordering
e={v,w}€E(G)
{Ul, ce 7U|V(G)|} = V(G) with Lyv; = |Z —j| for i,j S {1, ey |V(G)|}

(b) Prove that there is a polynomial-time separation oracle for the polyhedron of the feasible
solutions of the LP. (243 points)

2. A semidefinite program is an optimization problem

min C'x X
Az*Xsz \V/’L:].,,m
X*>0
X E Ran
where C, Ay, ..., A, are matrices, Ax X := Zlgi,jgn a;jz;; and X = 0 means that X is symmetric

and positiv semidefinite.

(a) Show that the set {X € R™*" | X = 0} is a closed cone.

(b) Construct a polynomial-time separation oracle for this set. (You may assume that you can
compute basic arithmetic operations on real numbers, including square roots, exactly and in
constant time.) (3+3 points)

3. Let A be an algorithm that finds, given a feasiable and bounded LP max{c'z € R" | Az < b}
(with c € Q", A € Q™™ and b € Q™) in polynomial running time an optimum solution. Show
that there is a polynomial algorithm that always finds an optimum solution that is a vertex of
P ={x € R" | Az < b}, provided that P is pointed. (4 points)

4. Let K C R" be a convex set with rB™ C K C RB" for some numbers 0 < r < %. Assume that
you are given an oracle with polynomial running time that computes an optimum solution in A
for any linear objective function. Show that there is a separation oracle with polynomial running
time for K* :={y e R" | y'z <1 for all x € K}. (5 points)

Due date: Thursday, June 2, 2022, before the lecture in the lecture hall.



