
Math 484: Nonlinear Programming Mikhail Lavrov

Homework #3

Spring 2018 Due Wednesday, February 14

1. Give examples of sets with each of the following properties:

(a) A subset of R2 that is open and bounded, but not convex.

(b) A subset of R2 that is closed and convex, but not bounded.

(c) A subset of R2 that is bounded and convex, but neither open nor closed.

2. Show that the functions are convex on the indicated set.

(a) f(x) = |x3| on R.
(b) f(x1, x2, x3) = (x1 − x2)

4 + (x2 − x3)
4 on R3.

(c) f(x, y) = xxyy on {(x, y) ∈ R2 : x > 0, y > 0}.

3. Use the AM-GM inequality to solve this optimization problem:

minimize
x,y,z∈R

x2 + y2 + z

subject to xyz = 1,

x, y, z > 0.

(Note that z is not squared!)

4. Write down the dual of the geometric program

minimize
x,y,z∈R

xy2 + xyz +
4yz2

x

subject to x, y, z > 0.

5. (Only 4-credit students need to do this problem.)

This problem is a generalization of the result in your textbook about composition of convex functions.
Suppose that f1 : R → R, f2 : R → R, and g : R2 → R are convex. Additionally, suppose that g is
increasing in each coordinate: for all a1, a2, b1, b2 ∈ R, if a1 ≤ b1 and a2 ≤ b2, then

g(a1, a2) ≤ g(b1, b2).

Prove that h(x1, x2) = g(f1(x1), f2(x2)) is convex.

General instructions for writing up homework:

• If you’re taking the class for 4 credits (as opposed to the default of 3), write this on your assignment
so that it can be graded appropriately.

• When writing up solutions, if you use a result from your textbook, say the result you’re using (by name,
or theorem number, or whatever) and why it applies. E.g., “So f ′′(5) = 1. By the second derivative
test, since f ′′(5) > 0, the critical point x = 5 is a strict local minimizer.”

• You don’t need to show your work for routine computations, but if you get those wrong without showing
your work, you’ll miss the opportunity for partial credit.

• Write proofs in complete sentences.


