
CS726, Fall 2013
Homework 2 (due Monday 9/23/13 at start of class).
Please submit your answers in the order listed below.

All Exercise numbers refer to the course text, Numerical Optimization
(second edition, 2006).

1. Suppose that f : IRn → IR is a smooth convex function, and sup-
pose that the set of minimizers S defined by S := {x∗ : f(x∗) ≤
f(x) for all x ∈ IRn} is nonempty. Show that S is a closed and convex
set.

2. Give an example of a sequence {xk} of positive real numbers, that
decreases to zero Q-superlinearly but not Q-quadratically.

3. Complete the details of the proof of Lemma 2.2 in the course notes.

4. Write a Matlab code to apply steepest descent to the convex quadratic
function f(x) = (1/2)xTAx, where A is generated by the Matlab code
fragment below to have eigenvalues in a prescribed range [µ, L], with
0 ≤ µ ≤ L. (x∗ = 0 is evidently a global solution.) In all cases, start
from the point x0 generated by the code below.

(a) Make A strongly convex by setting µ = .1 and L = 1, and run the
code until f(xk) ≤ ε for tolerance ε = 10−6. Choose a constant
steplength according to the rule αk ≡ 1/L. Run your code multi-
ple times (with different random choice of A and x0) to get a feel
for “typical” performance. For some typical runs, draw plots of
log(f(xk)− f(x∗)) vs k. Verify that you are seeing linear conver-
gence of the sequence {f(xk)} to f(x∗) — faster than the sublinear
rate promised by the theory. Explain why this happens (using a
result proved in class). Come up with a reasonable scheme for
estimating the linear rate constant r, and report typical observed
values of this constant.

(b) Repeat your experiment of part (a) but with µ = 0 and L = 1.
Do you observe linear convergence in this case, or only sublinear?
Dicuss your results.
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Code fragment:

mu=.1; L=1;

n=10;

A = randn(n,n); [Q,R]=qr(A);

D=rand(n,1); Dmin=min(D); Dmax=max(D);

D=(D-Dmin)/(Dmax-Dmin);

D = mu + D*(L-mu);

A = Q’*diag(D)*Q;

x0 = randn(n,1);
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