
Worksheet - Matlab and Octave

Matlab is the industry standard application for numerical mathematics. It is a high level
language encompassing many powerful algorithms for the solution of numerical problems.
Particularly linear algebra and numerical simulations. It also has a powerful capability with
statistical problems though is not the industry standard for these (see R, S and SPSS).
Matlab is not free, and many of its algorithms are closed. However, it is the program used
in engineering for mathematics.

Octave is a free and open port of Matlab. The command structure is almost identical
and for the most part code and script that works in Matlab will also work in Octave and
vice versa. Where the commands begin to differ is in the graphics rendering, particularly
the rendering of 3d objects. Computational and low level graphics commands will work
seamlessly between the two. Octave is typically run as a terminal program, you will need to
install a separate GUI such as Q-Octave for it to behave the way the Matlab GUI does.

I use Octave almost exclusively because of the terminal command.

In my Linear Algebra and other courses of this type we will typically use Matlab/Octave
in the classroom to study the subject. It gives us the ability to work with large matrices
quickly and efficiently. The programing aspects of these softwares is similar to what C has
available, without the need for variable declarations, memory allocation, or compiling. It is
possible to compile Matlab scripts and functions which provides a significant speed boost.

Workflow: In reality, I will typically write a Matlab code to make sure that a particular
problem or solution method works, once it is working I will then convert it to a C++ code
using the Gnu Scientific Library packages, this typically speeds up the program significantly.
I will then use Matlab/Octave or gnuplot to render the graphs I need.
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Complete the following exercises:

1. Define a matrix using the command: A = [1 2; 3 4] What does the semicolon mean?

2. Define a vector using the command: x = [1 2]

3. The usual operations + - * / ^ perform matrix operations. Try them.

4. Sometimes we wish to perform component wise * and / operations. We precede the
symbol by a ”.” try it.

5. The help function can be found in the terminal by using help cos which give us a short
description of the cosine function in Matlab/Octave. doc cos gives more details.

6. Special matrices: Learn to use the eye and zeros commands.

7. We can refer to parts of a matrix. Define the matrix

(0.1) A =

1 2 3
4 5 6
7 8 9


• Find a way to reference the (2, 3) entry of this matrix.
• What does the command A(1:2, 2:3) do?
• What does the command A([1,3], [2, 1]) do?
• What doe the command A(1, :) do?
• How can you get the second column?

8. Compute the rank and determinant of this matrix.

9. Use Matlab to solve the linear system

3x+ 3y + 5z + 3w = 1

−3x− 2y + z − w = 3

−3x− 2y − 3w = 0

3x+ 4y − 5z − w = 0

10. Matlab/Octave is a fantastic way to explore and understand the various decompositions
of matrices you learned about in your linear algebra class. For example computer the
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reduced row echelon form of

M =


−8 19 −20 −2
−12 24 −20 0
−16 29 −20 2
−14 21 −23 2


11. Find the eigenvalues and eigenvectors of

B =

0.9 0.05 0.05
0.2 0.4 0.4
0.1 0.5 0.4


12. Find the LU decomposition of both M and B. That is matrices P (a permutation matrix),

L (a lower triangular matrix) and U (an upper triangular matrix) such that PM = LU
(resp. PB = LU).

13. Find the QR decomposition of both M and B. That is matrices P (a permutation matrix),
Q (an orthogonal matrix) and R (an upper triangular matrix) such that PM = QR (reap.
PB = QR).

14. Plotting Functions: In matlab plotting functions requires that we explicitly identify the
points on which we want to plot our function.
(a) Define the x-values where we wish to evaluate the function: x = [ 0 : 0.2 :

6.4]

(b) Define the y-values by evaluating the function: y = sin(x)

(c) Plot the points plot(x,y)

15. Plot a parametrized curve, r = (cos(t), sin(t)) by specifying discrete points t = [0 :

0.01 : 2*pi ] on which to evaluate t.

16. Graph a 4-petal rose, r = cos(8θ).

17. We can define our own function by using a script file, saved as a .m file with a function
header. Or for shorter functions we can define them in-line: f = @(x) x.^3 - 2*x Test
that it worked with f(3)

18. Plot f(x).
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Homework

A Markov matrix is a matrix whose rows sum to 1. They appear for instance in models
of mixing problems.

1. Generate a 2 × 2, 3 × 3 and 4 × 4 Markov matrix. You can choose numbers of generate
them using the random number generator.

2. For each matrix compute the eigenvalues and eigenvectors.

3. Now consider the following question. What happens to Anv as n becomes large? Choose
any v (except for one of the eigenvectors you found) for which this question makes sense
and use Matlab/Octave to develop a hypothesis for each of your three matrices.

HINT: It is related to the eigenvalues/eigenvectors.

4. Graph the function y = x3 − 3x and its tangent line at the origin on the same plot.


