
Final Exam

CS 525, Semester II, 2009-2010

Sunday May 9, 2010
2 hours (starting 12:25)

All questions carry equal credit. No calculators allowed. Be sure to quote any results
you use accurately and justify steps clearly.

1. Let z(t) be the solution of

minx1,x2 ‖x1 + x2 − t‖1

subject to 3x1 + 5x2 ≥ −1 + 5t
x1, x2 ≥ 0

Find x(t) = (x1(t), x2(t)) and z(t) for all values of t. What properties does z(t) have
(as a function of t).

2. Write down a quadratic program that will enable you to solve the following problem:

minx1 x2
1 − 3x1 + max{0, 2x1 − 10, 2− x1}

subject to x1 ≥ 0

Use Lemke’s method to solve the resulting problem. State a theorem that guarantees
the optimality of your solution. Can you determine if and why the solution is unique?

3. Consider the problem

min x1 + 2x2

subject to x1 + 3x2 ≥ −1
x1 + x2 ≥ 1

0 ≤ x1 ≤ 2, 0 ≤ x2

An optimal solution is (1, 0).

(a) Write down an optimal tableau (without doing any pivots). Explain the meaning
of any new variables you add.

(b) Write down the dual problem and determine its solution from the tableau formed
in (a). Is the solution of the dual problem unique?

(c) Now change the objective function to x1 +0.5x2. Show how to modify the tableau
generated in (a) for this updated objective function, and then carry out any
necessary pivots to generate an optimal solution for the modified problem.
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4. Show that precisely one of (I) and (II) has a solution:

(I) 0 6= Bx ≥ 0

(II) BT y = 0, y > 0

You may want to do this via the following steps:

(a) Show that both systems cannot have a solution.

(b) Suppose (I) has no solution. Construct a linear program that under this assump-
tion will be solvable. (Hint: it may be useful to form an equalent to (I) by
introducing additional variables w with w = Bx, 0 6= w ≥ 0.)

(c) Construct the dual of the linear program you formed in (b).

(d) Quote and use appropriate theory to generate a system that has solution, and
then show this implies (II) has a solution.
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