
Mate 6882 Homework 2 Due Wednesday, March 15

1. Consider the problem
min f(x, y)

where f(x, y) = 5x2 + 5y2 − xy − 11x+ 11y + 11.

(a) (1 point) Find a critical point (x∗, y∗) of f(x, y) and show that this point is a
global minimum.

(b) (1 point) What would be the rate of convergence of steepest descent for this
problem?

(c) (1 point) Starting at x = y = 0, how many steepest descent iterations would it
take (at most) to reduce the function value

E(x, y) =
1

2
(x− x∗, y − y∗)Q(x− x∗, y − y∗)T

to 10−11? Q is the Hessian matrix of f . (Please figure this out without doing the
iterations.)

2. (2 points) Consider the function f defined as

f(x) =
1

2
xTQx− bTx,

where Q is a symmetric and positive definite n× n matrix and x ∈ Rn. Let x0, x1, d
∈ Rn. Define

gi(α) = f(xi + αd), i = 0, 1

and denote their minima by α0, α1, respectively. If

ui = xi + αid, i = 0, 1

and
w = u1 − u0.

Show that w and d are Q-conjugate.

3. Consider the Rosenbrock problem

min (1− x)2 + 100(y − x2)2.

(a) (1 points) Write two programs to solve this problem: i) by using the steepest
descent method with a line search and ii) by using the conjugate gradient method
with a line search.

(b) (2 points) Apply the program to compute an approximation of a minimum (x∗, y∗)
starting with (x0, y0) = (−1.2, 1.5). Compute your approximation to obtain a
precision of six digits. What can you say about the convergence speed?

(c) (2 points) Now, solve the problem by using Newton’s method with different initial
iterates. Compute your approximation to obtain a precision of six digits. What
can you say about the convergence speed?


