
CS726, Fall 2013
Homework 3 (due Monday 9/30/13 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. Question 3.4 from the text. (Show that the result is true for f(x) =
1
2
xTAx for A symmetric positive definite, for any x and search direction
p.)

2. Consider a similar quadratic program test problem as in Homework
2, except that we use n = 100 and a slightly different distribution of
the random eigenvalues. (See code fragment below.) Choose A strongly
convex by setting µ = .01 and L = 1, and run the code in each case until
f(xk) ≤ ε for tolerance ε = 10−6. Implement the following methods.

• Steepest descent with αk ≡ 2/(µ+ L).

• Steepest descent with exact line search.

• Heavy-ball method.

• Conjugate gradient method from p.108 of the text.

(a) Tabulate the average number of iterations required, over 10 ran-
dom starts.

(b) Draw a plot of the convergence behavior on a typical run, plot-
ting iteration number against log10(f(xk)−f(x∗)). (Use the same
figure, with four different colors for the four algorithms.)

(c) Discuss your results, noting in particular whether the worst-case
convergence analysis that we covered in class is reflected in the
practical results.

(d) Can you design an algorithm that is a hybrid of steepest descent
(with α = 2/(µ + L)) and heavy-ball that converges faster than
either? Discuss.

3. Discuss happens to these codes and algorithms when we reset µ to 0
(making f weakly convex).
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Code fragment to generate random matrix and initial point:

mu=0.01; L=1; kappa=L/mu;

n=100;

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

D=rand(n,1); D=10.^D; Dmin=min(D); Dmax=max(D);

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

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

A = Q’*diag(D)*Q;

epsilon=1.e-6;

kmax=1000;

x0 = randn(n,1); % use a different x0 for each of the 10 trials

Hand-in Instructions:

• Hand in hard copies of your code and output.

• Additionally, make a version of your code for Question 2 only (the
strongly convex problem), that fits into a single matlab file named
firstorder.m, that does the 10 trial runs and averages the number of
iterates required for convergence, that does not make a plot, and that
prints nothing except four lines of output. Use these lines of code as
the last four lines of your Matlab file, to generate the required output:

fprintf(1,’ steepest descent - fixed steps : %7.1f\n’, av_sd);

fprintf(1,’ steepest descent - exact steps : %7.1f\n’, av_sde);

fprintf(1,’ heavy ball : %7.1f\n’, av_hb);

fprintf(1,’ conjugate gradient : %7.1f\n’, av_cg);

where av sd, av sde, av hb, av cg are the average numbers of iterates
(over the 10 random trials) for each of the four algorithms, computed
by your code.
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