
MS&E 310 Homework #3
Linear Programming 2009

HOMEWORK ASSIGNMENT 3: DUE NOVEMBER 16

Reading: Chapter 5 of (L&Y), Linear and Nonlinear Programming

1. Given an undirected graph G = (N , E), two special nodes s, t ∈ N and cost
weights ce for all e ∈ E , we would like to find a minimum weight set of edges that
intersects every path from s to t. Let K be the set of all such paths. One way of
formulating this problem is as follows

minimize
∑

e∈E
cexe

subject to
∑

e∈K

xe ≥ 1, ∀K ⊂ K,

0 ≤ xe ≤ 1, ∀ e ∈ E .

a) Show that every corner point of the above linear programming problem has 0 or
1 as its entries, so that an optimal basic feasible solution of the problem corresponds
to a most economical cut from s to t.

b) This LP problem has explentially many constraints. Prove that the associated
separation problem, if the Ellipsoid method is used, can be solved as an LP with
polynomially many variables and constraints.

2. b) of 5.9.7 of (L&Y).

3. 5.9.11 of (L&Y).

4. 5.9.13 of (L&Y). (Hint: this quantity of v is homogeneous degree 0).

5. 5.9.14 of (L&Y).

6. Consider the LP problem

minimize x1 + x2

subject to x1 + x2 + x3 = 1,

(x1, x2, x3) ≥ 0.

a) What is the analytic center of the feasible region?



b) Find the central path point x(µ) = (x1(µ), x2(µ), x3(µ)).

c) Show that as µ decreases to 0, x(µ) converges to the unique optimal solution.

d) Let the objective function be just minimizing x1. Then, find the central path
point x(µ) again. Which point does the central path converge to now?

e) Draw x part of the primal-dual potential function level sets:

ψ6(x, s) ≤ 0 and ψ6(x, s) ≤ −10,

and
ψ12(x, s) ≤ 0 and ψ12(x, s) ≤ −10;

respectively in the primal feasible region (on a plane) for the above two different
objective functions.

The last question can be done by forming a team of 1-3 persons and sampling
interior points in the primal and dual feasible regions.

Hint: To plot the x part of the level set of potential function, say ψ6(x, s) ≤ 0,
in primal feasible region Fp, you plot

{x ∈ Fp : min
s∈Fd

ψ6(x, s) ≤ 0}

where Fd represents the dual feasible region. This can be approximately done by
sampling as follows.

You randomly generate N interior feasible points of the primal xp and the dual
(yq, sq), respectively. For each primal point xp, you find if it is true that

min
q=1,...,N

ψ6(x
p, sq) ≤ 0}.

Then, you plot those xp who give an ”yes” answer.
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