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Due on March 17, 2013 (Please do part 6 by March 10)

In this exercise we will solve linear least-squares problems using Givens rotations. This exercise also

introduces you to Matlab and its basic facilities. This exercise and the ones that will follow use Matlab.

You are free to use another programming and analysis environment (e.g., Octave, which is a free Matlab

clone, or Python), but you will have to find yourself the mapping between Matlab notation and facilities

and the ones in your environment.

1. Write a Matlab function [A,b,x] = rand_ls_consistent(m,n) that generates a random m-by-

n matrix A and a random vector x , and return them along with b = Ax . Use rand to generate A and

b. This function has 3 return values.

2. Write a similar function rand_ls_inconsistent, but generates a randomized vector b. You will

use these functions for testing.

3. A third function rand_ls_underdetermined should generate an inconsistent problem that has an

infinite number of minimizers. Explain in text how you generated it. Hint: the vector Ax is a linear

combination of the columns of A; the coefficients of the linear combination are the elements of x .

4. Implement a function [c,s] = givens(p) that takes a 2-dimensional vector p and computes a

rotation that rotates p to the x axis. Show (on a handwritten or typed page) the derivation of c and

s that you have used.

5. Implement a function x = givens_ls(A,b) that finds the minimizer x of min‖Ax − b‖2. The

function should use Givens rotations to transform A to an upper triangular form (and it should apply

the same transformation to b). Use an auxiliary function x = trinagular_ls(A,b) that solves

the same problem but assumes that A is upper triangular.

6. Given A, b, and a computed solution x , how do you check whether x is indeed a minimizer of

min‖Ax − b‖2? More generally, how do you determine the quality of an approximate minimizer? If

the problem is consistent, it’s easy: you check the norm of Ax− b, which should be zero. But how do

you evaluate a solution when the problem is not consistent? Hint: it helps to think of the problem

geometrically, with b being a point in space.

7. Explore the numerical behavior of the two solvers and compare them to Matlab’s built-in solver,

which you can invoke using the backslash operator, x=A\b. Your solution to this part should consist

of a verbal explanation of your evaluation strategy as well as computational results presented in

graphs and/or tables. In general, graphs are easier to understand than large tables of numbers. In

MATLAB, use plot, semilogx, semilogy, or loglog (the last three use logarithmic scale for one

or two of the axes). The ability of these functions to present several graphs on the same axes is

particularly useful for comparisons.
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