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20 points for each problem.

1. Let A be a pxn matrix, and B be a ¢ xn matrix. Show that exactly one of the following
systems has a solution.

System 1 Az <0 Bx=0 for somez € R*
System 2 A'u+B'v =0  for some (u,v),u # 0,u > 0.

2. Show that every local minimum of a convex function over a convex set is also a global
minimum.

3. Solve the following problem.

I 1432243
Minimize —1——2—%1 eot6

subject to 271+ 129 < 12
—T1+ 229 < 4
Z1, T2 Z 0

4. Consider the following problem, in which X C R™ is a compact polyhedral set, A is an
n X m matrix, b € R™ and f is a convex function.

Minimize  f(z)
subject to Az =1b
zeX

a. Formulate the Lagrangian dual problem.
b. Show that the dual function is concave and piecewise linear.

c. Characterize the subgradients, the ascent directions, and the steepest ascent direc-
tion for the dual function.

5. Let f be convex and differentiable at z € .S. Show that z is an optimal solution to the
problem to minimize f(y) subject to y € S if and only if Vf(z)!(y — z) > 0 for each
yeSs.




