MATH 225 Linear Algebra and Differential Equations

Fall 2007 MATLAB Homework 3
Duedate: Friday, December 7, 17:30

This homework will help you to gain more information row-column subspaces and rank of
a matrix. Moreover, we will cover orthogonality, iwh is a fundamental subject in linear
algebra. We will also continue to explore numerisales confronted in real-life problems,
such as noise in a matrix.

1. For this problem, we need a matrix with some spdeatures. Let's prepare thi
matrix with the following commands:

m=4; n=6; r=2;
[U,S,V]=svd(10*rand(m,n));
for i=r+1:m

S(i,i)=0;
end
A=U*S*V";

You will soon learn more about SVD decompositionaofatrix. Now let's analyze the
resultingA matrix. Remember that your answers and commentisetdollowing questions

should rely on your Matlab computations, unlesgestatherwise.

(a) Are the rows of matribA independent? Find a basis for the row subspage of

(b) Are the columns of matriA independent? Find a basis for the column subsplage

(c) Find the null space d&k. Show numerically that this space is orthogondahtorow space

of A. That is, use a computational step to show tlus fa

(d) Find a subspace that is orthogonal to the colunmsace ofA. Again verify your result

with a computational step.

(e) Let's add a small noise to our matrix using the o@nd

noisyA=A+1e-6*rand(m,n).

Note that you cannot see the difference betweeseth®trices if you display them in Matlab.
But what is the rank of this noisy matrix? What wiaes rank of matriA? Repeat fom=10,
n=15,r=3 . Comment on the results.

Hints: Use theref andnull commandstank can also be helpful.



2. Lets denote the columns of anx n A matrix with a,, a,,...,a, . That is
A=la, a, .. anl.

In many applications we want to find an orthogoset {ql‘q27 ...,q”} that spans the same

column space oA. In this question, we will learn how to constraath a basis.
(a) Let’s start with first two vectors, anda, . Let’s construct two other vectors as
a ay, — (qlTaz )%

¢, = and ¢, = .
1 a’1| i |a2 - (qlT% )q1|

Showanalytically that
N aLg
(i) Span{%:%} :Spar{au%}'
(b) Generalize this idea to vectors and write a Matlab functiamrthogonalizeA that

takes a matriA and returns another matrgx whose column space is an orthogonal set that
spans the same column spacéotJse your routine to find an orthogonal columnis&sr

1 1 1 0

1 -1 -1 3
A=ly 9 3 4

-3 3 -2 2

Hint: You can notice that, when constructing we actually subtract from, the portion of
a, that lies in the span af,, and then werormalize it. Similarly, to obtaing,, we should
subtract theportions that lie in the span of,,q, from a,, and then normalize the resulting
vector. And so forth for the others. Use tleem function to find the length of a vector.



