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Note that this exercise has several pages!

1. QR factorization. Define the following matrices in Matlab:

A =

[

1 2
3 4

]

, B =

[

1 0 1 0
1 1 1 1

]

, C =









1 0
2 1
3 0
4 1









.

(a) Compute the QR factorizations of A,B and C. In case of A, write [Q,R]
= qr(A) and check that the matrix product Q*R equals A. Repeat for B
and C.

(b) Check numerically that the three matrices Q in (a) are orthonormal.
What is the special property of R?

(c) Explain briefly one application of the QR factorization. You can find it
from the literature (Wikipedia is fine as well).

2. LU factorization.

(a) Compute the LU factorizations of the above matrices A,B and C. In
case of A, write [L,U] = lu(A) and check that the matrix product L*U
equals A. Repeat for B and C.

(b) Check numerically that the three matrices U in (a) are upper triangular.
What is the special property of L? (Hint: write help lu) in Matlab.

(c) Explain briefly one application of the LU factorization. You can find it
from the literature (Wikipedia is fine as well).

3. Cholesky decomposition, or the “square root of a matrix.” Define the following
matrices in Matlab:

D =





1 0 0
0 2 0
0 0 3



 , E =





1 0.1 0
0.1 2 0
0 0 3



 .

(a) Compute the Cholesky factorizations of D and E. In case of D, write R =

chol(D) and check that the matrix product (R.’)*R equals D. Repeat
for E.

(b) Try to compute the Cholesky decompositions of A and B above. What
happens? Which assumptions are violated?

(c) Explain briefly one application of the Cholesky decomposition. You can
find it from the literature (Wikipedia is fine as well).



4. Consider the following function of two real variables: x2

1
+ x2

2
. Here x =

[x1 x2]
T
∈ R

2. Create evaluation points for a two-dimensional plot using the
commands

t = linspace(-1,1,128);

[x1,x2] = meshgrid(t);

(a) Define the function x2

1
+x2

2
in the whole square defined by the matrices x1

and x2. Call the matrix with the function values fun. Plot the function
using the command mesh(x1,x2,fun).

(b) Define an index matrix for the complement of the (closed) unit disc:

ind=(sqrt(x1.^2+x2.^2)>1;

Set the function to zero outside the unit disc by writing

fun(ind)=0;

and plot as in (a).

(c) Matlab has a special object called Not-a-Number, written NaN. Set the
function to NaN outside the unit disc by writing

fun(ind)=NaN;

and plot as in (a). What happens?

5. Download the routines gaussint.m and Gauss 2D.m from the course home-
page. Evaluate the integral

∫

|x|<1

(x2

1
+ x2

2
) dx1dx2

in polar coordinates

(a) analytically by hand, and

(b) numerically by modifying the file Gauss 2D.m.

Make sure you get the same result!



6. Download the file radiosity2.m from the course homepage. It draws a cube-
shaped space with gray floor, roof and side walls, and with a randomly colored
n× n mosaic back wall, here 6× 6:

(a) Modify the file radiosity2.m so that the colors in the back wall are
picked from a matrix of pre-chosen colors. Try out the method by creating
a smooth gradation of gray levels from white to black. Make sure that
the method works for a general n × n mosaic. Call the resulting file
radiosity3.m. Here are the expected results at resolutions 6 × 6 and
8× 8:

(b) Modify the file radiosity2.m so that all the walls are randomly colored
as n× n mosaics. Call the resulting file radiosity4.m. Here is a picture
of the 6 × 6; some patches are not shown correctly here for unknown
reasons. But you get the idea.

(c) Combine the files radiosity3.m and radiosity4.m so that the colors
in all the five visible sides are picked from a matrix of pre-chosen colors.
Try out the method by creating a smooth gradation of gray levels from
white to black. Make sure that the method works for a general n × n

mosaic. Call the resulting file radiosity5.m.


