
Math 484: Nonlinear Programming Mikhail Lavrov

Homework #2

Spring 2018 Due Friday, February 2

1. If A is the matrix 1 2 0
2 −1 0
0 0 4

 ,

for which values of x will A + xI be positive definite?

2. Let B be the matrix 1 2 3
4 5 6
7 8 9


(a) Find a 3× 3 symmetric matrix A such that xTAx = xTBx.

(b) Find the Hessian matrix of xTBx. (Because this is a quadratic function, the Hessian
matrix, usually a function of x, will be constant here.)

3. Let f(x, y) = ex + ey + e1−x−y.

(a) Prove that the function f is coercive.

(b) Find the global minimizer of f .

4. Show that the “diamond” set D = {(x, y) : |x| + |y| ≤ 1} is convex. (One way to do this,
though not the only way, is to verify that D satisfies Definition 2.1.1 in the textbook.)

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

Let S be the set of all points (x11, x12, x13, x22, x23, x33) ∈ R6 such that the matrixx11 x12 x13
x12 x22 x23
x13 x23 x33


is positive semidefinite. Is the set S convex? Justify your answer.

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.


