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Instruction:

1. There are 100 points in total.

2. This is a written, open-book exam (only unannotated lecture slides are allowed). Please turn

o↵ all electronic media and store them under your desk.

3. Be neat. Poor presentation will be penalized.

4. No questions will be answered during the exam. If in doubt, state your assumption(s)

and continue.

5. Do not leave during the examination period without permission.

6. Do not stand up until all the exams have been picked up.

Do well!
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Question 1 (20 points)

Show that for p > 1, the function

f(x, t) =
|x1|p + · · ·+ |xn|p

tp�1
=

kxkpp
tp�1

is convex on {(x, t) | t > 0}. (Note that the function maps from Rn [ R++ to R+.)

Question 2 (20 points)

Let f(x, z) be convex in (x, z) and define g(x) = infzf(x, z). Express the conjugate g⇤ in terms of

f ⇤
. As an application, express the conjugate of g(x) = infz{h(z) | Az+ b = x}, where h is convex,

in terms of h⇤
, A, and b.

Question 3 (20 points)

Let A 2 Rm⇥n
and b 2 Rm

be given. Formulate the following problems as LPs.

1. Minimize kAx� bk1 subject to kxk1  1.

2. Minimize kxk1 subject to kAx� bk1  1.

3. Minimize kAx� bk1 + kxk1.

Question 4 (20 points)

Derive a dual problem for

minimizex

NX

i=1

kAix+ bik2 + (1/2)kx� x0k22,

where Ai 2 Rmi⇥n
, bi 2 Rmi , and x0 2 Rn

. (Hint: First introduce new variables yi 2 Rmi and

equality constraints yi = Aix+ bi.)

Question 5 (20 points)

Formulate the following problem as a convex minimization problem. Find the rectangle

R = {x 2 Rn | u � x � l}

of maximum volume, enclosed in a polyhedron P = {x | Ax � b}. The variables are u and l.
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