
Matriisilaskennan sovellukset, syksy 2012 Harjoitus 3 (26.–30.11.2012)
Applications of matrix computations, fall 2012 Exercise 3 (26.–30.11.2012)

Samuli Siltanen

Note that this exercise has several pages!

1. Consider the following system of equations:

−x + y = 1,

x + y = 1,

y = 0.

(a) Plot the lines corresponding to the three equations. Can you see geomet-
rically the answer to the question is there a solution?

(b) Write the equations in the form Ax = b. Solve using the könökeppi tool:
x0 = A \ b. Plot the point x0 in the same picture with the three lines.
This is the least squares solution.

2. In this exercise you will draw a cube in 3D and distort it with a matrix.

(a) Construct a matrix C of size 3×8 containing the coordinates of the corner
points of the unit cube. The points are (x, y, z) with x, y and z taking
values zero or one. The first row of C contains the x-coordinates, the
second row the y coordinates and the third row the z coordinates.

(b) Draw the 12 edges of the cube in a 3D plot. Example: a line in 3D
connecting the origin and the point (1, 2, 3) can be drawn with the fol-
lowing command: plot3([0;1], [0;2], [0;3]). You can either do the
plot with a single and extremely clever plot3 command, or you can have
a plot3 command line for each individual edge. In the latter case, re-
member to add the command hold on after the first line. Finally, use
the axis equal command to enforce the correct proportions. Rotate the
completed image with the mouse to admire your work.

(c) Construct any 3× 3 matrix A. If you don’t feel creative, you can take a
random matrix A=randn(3,3). Transform the corner points of your cube
with the command C2=A*C and repeat (b) with C2 in place of C.



3. In this exercise you apply Principal Component Analysis (PCA) to a three-
dimensional dataset.

(a) Download the data file datapoints.mat and the routine PCA3D plot.m

from the course webpage and save it to your Matlab working directory.
Run PCA3D plot.m to plot the points. Rotate the plot with the mouse
to appreciate the 3D structure of the dataset.

(b) Modify PCA2.m for transforming the 3D data along the principal axes.
Plot the result as a 3D plot.

(c) Modify PCA4.m for discarding the least important dimension from the 3D
data. Plot the result as a 2D plot.

4. In this exercise you generalize Simpson’s rule to a general interval. Download
the file Bart1.m from the course website. Modify it so that you can evaluate
integrals of the form ∫ b

a

f(x)dx,

where a < b. Hint: make sure that integrating the constant function f(x) ≡ 1
results in b− a. Evaluate the following integrals analytically and numerically:∫ 3

−1

x5dx,

∫ 1

−1

√
1− x2dx.

Hint: note that the latter is the area of half the unit disc.



5. Download the routine im2by2.m from the course website. The idea of that
file is to take an image with an even number 2n of rows and an even number
2m of columns, and then downsample the image to the size n ×m. Here by
“image” we mean a matrix with real-valued elements representing gray levels
of image pixels. “Downsampling” means here creating a n ×m image whose
pixel values are averages of 2× 2 subimages of the original 2n× 2m image.

(a) Write a new routine called im3by3.m by modifying the file im2by2.m. The
idea of the new file is to take an image with 3n rows and 3m columns,
and then downsample the image to the size n × m by averaging pixel
values in 3× 3 subimages.

(b) Write a Matlab routine that upsamples any n×m image into size 3n×3m
by repeating the same pixel value 9 times in a 3× 3 subimage.

(c) Take some original image im (any matrix) with 3n rows and 3m columns.
Downsample it with the result of (a) and call the result im2. Apply the
code from (b) to im2 and call the result im3. Plot im and im3 side by
side with the command imagesc([im,im3]).

6. In this exercise you can try the application of Principal Component Analysis
(PCA) to finding average images and principal deviations from the average.

(a) Construction of the data. You can choose one of the following options

(i) Take a collection of your own photos. Read them into Matlab using
the imread command, crop them into the same size and pick out
only one color component (for example the red channel).

(ii) Construct any matrix A of size 64×64. Create a set of new matrices by
repeating the command B = A+0.01*max(max(A))*randn(size(A)).

(b) Modify the file PCA faces.m for computing the PCA of the image set
constructed in (a).


