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Octave for Chapter 2

The templates in this section provide sample Octave code for solving systems of equations. You can access our
code through the link at the bottom of each template. Feel free to modify the code and experiment to learn more!

You can write your own code using Octave software or online Octave cells. To access Octave cells online, go to the
Sage Math Cell Webpage, select OCTAVE as the language, enter your code, and press EVALUATE.

To ”save” or share your online code, click on the Share button, select Permalink, then copy the address directly from
the browser window. You can store this link to access your work later or share this link with others. You will need to
get a new Permalink every time you modify the code.

Octave Tutorial

When solving systems by hand, you utilized Gauss-Jordan elimination to find rref. Having the reduced row echelon
form available made it easy to write out the solution(s) or determine that the system is inconsistent. We can find rref
and the rank of a matrix using Octave as follows.

Template 1. Consider the system

x − y = 0
2x − 2y + z + 2w = 4

y + w = 0
2z + w = 5

(1)

(You may remember this system from Augmented Matrix Notation and Elementary Row Operations.) We will solve
this system by finding the reduced row echelon form of the corresponding augmented matrix in Octave.

% Define the augmented matrix

% corresponding to the coefficient matrix A and vector b

A_b = [1 -1 0 0 0;

2 -2 1 2 4;

0 1 0 1 0;

0 0 2 1 5];

% Find rref of A_b

rref(A_b)

% Find the rank of A_b

rank(A_b)
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https://sagecell.sagemath.org/
https://ximera.osu.edu/linearalgebrav3/LinearAlgebraInteractiveIntro/SYS-0020/main


Link to code.

If you start with a matrix A and a separate vector b, you can create an augmented matrix without re-typing as follows:

% Define the coefficient matrix A

A = [1 -1 0 0;

2 -2 1 2;

0 1 0 1;

0 0 2 1];

% Define vector b

b = [0;4;0;5];

% Create an augmented matrix

A_b=[A b]

Link to code.

Template 2. We can access individual rows, columns, and entries of a matrix. Let

A =

2 −1 3 −1
1 0 2 1
1 −1 1 −2


% Define a matrix

A=[2 -1 3 -1; 1 0 2 1; 1 -1 1 -2]

% Third row of A

row_3=A(3,:)

% Second column of A

col_2=A(:,2)

% Second row third entry of A

a_23=A(2,3)

Link to code.

Example 1. Use Octave code to show one step of Gaussian elimination by subtracting half of the first row from the
second row of the given matrix A.

Explanation. % Define matrix A

A=[2 -1 3 -1; 1 0 2 1; 1 -1 1 -2]

% Replace the second row of A with second row minus half the first row.

A(2,:)=-1/2*A(1,:)+A(2,:)

Link to code.
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https://sagecell.sagemath.org/?z=eJxFjsEKwjAMhu-FvsN_Gehh0A49iYfB8CVEpOvSWWSt1Co-vumkmBCS_-cjSYOBnA-EfCOY17xQyDRhMTn5D2xMiZ6PGCYfZuS4UjaSc956JivXw4QJb7I5JoxS9NcRR5w1Wg1V8iAFSnRoO2huu-oo6F_9DYXC7C_VkaLByfMBfsYhOvB6KYrY8LSVgoUJ91V8ASwdNw8=&lang=octave&interacts=eJyLjgUAARUAuQ==
https://sagecell.sagemath.org/?z=eJxFjrEKAyEQRHvBf5jmyoNVkkqukOQvjiOoWROL80BMyOdHIZLtHjvMvAlXjikz6pMRDo4xhcS5Yne1pA-sFBYLVoVZgUBGCvTTmDUU9GBCf6s_UouorbEU09h4c6hHgZfC904yJ0PmPEKXwq4yXIZ7PfbmwPefRXO4-WW18NsXtMsrmQ==&lang=octave&interacts=eJyLjgUAARUAuQ==
https://sagecell.sagemath.org/?z=eJxVjEEKwjAURPeB3GE2BQsR7M-u0kXAG9SdSAhtigGbQIhYb-9v7cbNMDM8XoWLn0L0cJhdyWGBFKa7EY4NNMcZDU4gbIU_DrpLIUWF6yPkETm9kSYYKbhZ3ZmDVm39I3o_pDhiSM_XHHeKhyWmWkX_1Coqm9LHkj877iytTlK6_gIqSCuZ&lang=octave&interacts=eJyLjgUAARUAuQ==
https://sagecell.sagemath.org/?z=eJxNjMsKwjAURPeB_MNsCvVRNXGndHHBL3ArLkK9IYE2kSRSP99YN26Gw5lhGlzY-sCYTEn-DZKC-ptGp3CscYbCARoLVFdD3yGFFA2u_BzNwCiOkXmI4YEUZ0QLwuyL-5eTD68MZ0a7zK1PuXyLHeoZtXp7WvWd2us1tary5qc-770qUw==&lang=octave&interacts=eJyLjgUAARUAuQ==


Octave Exercises

Problem 1 Given the code below, write out the system of equations and the corresponding solution(s).

% Coefficient matrix A

A=[2 -4 1 1 3;

0 2 -1 4 -1;

2 -2 1 1 4];

% Column vector b

b=[-2; 1; 4];

% Augmented matrix A_b

A_b=[A b];

% Reduced row-echelon form

rref_A_b=rref(A_b)

Link to code.

Problem 2 Solve the following system using Octave.

x1 − x2 + 2x3 + x5 = −1
−x1 − x3 + x4 = 1
2x1 + 2x2 − x4 + 2x5 = 1
x1 + 2x4 − x5 = 0

(2)

Problem 3 Solve the following system using Octave.

3x1 + x2 + 4x3 − x4 + 2x5 = 10
x1 + 2x3 − x4 + x5 = 3

x2 + x3 + x4 + 3x5 = 2
2x1 − x2 − x3 + 3x5 = −2
4x1 + x2 − 5x3 + 2x4 + x5 = 1

(3)

Problem 4 Suppose the graph of function f of the form f (x) = ax3 + bx2 + cx + d passes through points (−2, 1),
(0, 4), (1,−2) and (4, 5). Set up a system of linear equations to find the coefficients a, b, c and d. Update the
coefficients in the GeoGebra interactive below to sketch the graph.

GeoGebra link: https://www.geogebra.org/m/xry6un6h

Problem 5 The following code generates a random 20 × 3 matrix A whose entries are integers −1, 0, and 1, and
a random 20 × 1 vector b whose components are integers −1, 0, and 1.

3

https://sagecell.sagemath.org/?z=eJxFjcEKwjAQRO-B_MNcCnoI2NpbySH4B16LFJtuNNA0sKTq57sVVBaGGeaxU-GUKYToIy0F6Vo4vuC0crZvYFrUcsdOqwMk1mhFJIlvPlV7kaRVJV_mNS14kC-ZMWo12t40Heruz7j1lmSFpt_OIKCI7R3GL3WmafXCcH4a8nea84KQOWnFTGHY8M3sxOzf0oYzHQ==&lang=octave&interacts=eJyLjgUAARUAuQ==
https://www.geogebra.org/m/xry6un6h


% A is a randomly generated 20 by 3 matrix whose entries are -1, 0, 1.

A=randi([-1,1],20,3);

% b is a randomly generated column vector whose entries are -1, 0, 1.

b=randi([-1,1],20,1);

% Augmented matrix A_b

A_b=[A b];

% Reduced row-echelon form

rref_A_b=rref(A_b)

% Rank of A_b

rank(A_b)

Link to code.

Run the code several times to generate several random combinations of A and b and find the rank and the reduced
row-echelon form of [A|b]. Are you getting the answers you were expecting? Answer the following questions based
on your theoretical knowledge.

What are the possibilities for the rank of such [A|b]?

Multiple Choice:

1. The rank can be any positive integer less than or equal to 20.

2. The rank can be any positive integer less than or equal to 3.

3. The rank is always equal to 4.

4. The rank can be any non-negative integer less than or equal to 4.

What are the possibilities for the number of solutions of such [A|b]?

Multiple Choice:

1. This system always has a unique solution.

2. This system may have no solutions, infinitely many solutions or a unique solution.

3. This system will always have infinitely many solutions.

4. This system will always be infeasible.

There is a good chance that your experiments have led you to believe that rank[A|b] = 4. Can you manually construct
[A|b], satisfying the condition of the problem, with a smaller rank? How many solutions does your system have? Why
do you think it is so rare to randomly generate a system [A|b] of rank less than 4?
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https://sagecell.sagemath.org/?z=eJx9jr0OgkAQhHsS3mEaEknAgJbG4l7BlhByB4sQubtkAX_e3kWxMtrtz8w3E0GhH6HB2jXeDg-cyRHriRrsMpgH9rB64v6OW-dHAjlZSBxMSPMEWYJ8GwbquAD6TSG3vEx2WbKPD2EQBhHMz4DaD7N1uFI9ef7PN1_8_MNX89mKS3hrUVUZKVSZY6FgylV1omauRcP-llLd0eAdWs82DJiprRb5MmxkiFeHdhf49o2T9Mvr9wQYpVrl&lang=octave&interacts=eJyLjgUAARUAuQ==


Further Considerations

Issues related to computational aspects of linear algebra are outside the scope of this text. However, we want the
reader to be aware of some potential problems that may arise.

Warning 1. The rref function utilizes a modified version of the Gauss-Jordan elimination algorithm (Reference Link).
For some matrices, implementing this algorithm directly leads to round-off errors and other problems that are outside
of the scope of this text. We illustrate what can happen in the next example.

Example 2. We will use a 12×12 Hilbert matrix to illustrate how the rref function can fail. You can learn more about
Hilbert matrices here.

% Use a 12 by 12 Hilbert matrix

A=hilb(12);

% Theoretical rank of A is 12, but the following computation shows a rank of 11

rank(A)

% rref of A should be the identity matrix, but the following result contains a row of zeros

rref(A)

Link to code.
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https://www.mathworks.com/help/matlab/ref/rref.html
https://en.wikipedia.org/wiki/Hilbert_matrix
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