
Math 484: Nonlinear Programming Mikhail Lavrov

Homework #9

Fall 2017 Due Friday, December 1

1. Use the penalty function method with the Courant–Beltrami penalty term to minimize

f(x, y) = x2 + y2

subject to the constraint x + y ≥ 1.

2. Consider the (kind of stupid) minimization problem “Minimize f(x) = e−x subject to x ≤ 1.”

Using the penalty method with the absolute value penalty term g+(x):

(a) Write down the objective function Fk(x).

(b) Show that Fk(x) has no critical points: F ′k(x) is never 0.

(c) Sketch the graph of Fk(x) for some reasonable value of k like 10 or so, and explain why we did
not find the global minimizer by taking the derivative.

3. Starting at (x0, y0) = (1, 0), apply Newton’s method for solving the system of equations x2+y2−4 = 0
and x2 − y = 0 and compute its next iteration (x1, y1).

4. Starting at x0 = 1, apply Newton’s method for minimizing the function f(x) = x4 and compute its
first two terms x1 and x2.

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

Suppose we are using Newton’s method to solve the equation x2 − 1 = 0, starting from the initial
guess x0 = 3.

Find a closed-form expression for the kth iteration xk of Newton’s method.

Think about the decay rate of the error |xk − 1| in terms of k.

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.


