Matlab Notes

Available in pdf format at http://zoo.cs.yale.edu/classes/cs475/resource/MatlabNotes.pdf

Zoo Accounts

Matlab is installed on all Zoo computers running Linux. The machines are located on the
third floor of AKW but you must register to use them. Visit http://zoo.cs.yale.edu/cgi-bin/
accounts.pl to do so and make sure to select CS475 in the process. Also, visit http:/
zoo.cs.yale.edu for more information about the resources available at the Zoo.

To start Matlab open a terminal and change to the directory where you want to work. |
suggest that you create a separate directory for each project (typing in the terminal
mkdir dirname will create the directory dirname , then cd dirname  will go to the
directory). Now enter matlab to start the program.

Matlab at Home

Matlab is available to the Yale community as a free download. Visit http://www.yale.edu/
its/software/ and click on the “Software Library” button. Note that there is no Linux
version in this library, there are only Windows and Mac versions.

Matlab Basics

To define a matrix
>>M=[1234;5678;9101112;13 14 15 16]
M =

1234

5678

9101112

1314 1516

To get the first column, we type M(:,1). To get the jth column, type M(:,j).
>> M(:,1)

ans =

1

5

9

13

To get the second row, we type M(2,:). To get the it row, type M(i,:).
>> M(2,7)

ans =

5678

Similarly, we can specify ranges for both rows and columns.
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>> M(2:3,3:4)
ans =

78

1112

To obtain a discrete representation of a function in two variables we use meshgrid .
[X,Y]=meshgrid(-2:0.1:2, -1:0.1:1); % the args. are ranges with 0.1 step

Z = sqrt(X."2 + Y.12); % the discretization of the function

mesh(X,Y,2) % this displays the matrix Z

Matrix and Vector Operations

In the following A, B and C are matrices and x is a number. Note that a column vector is
an n-by-1 matrix and that a row vector is a 1-by-n matrix.

C =AO — Cis the transpose of A, i.e. C(i,)) = A(j,i)

C=x*A = C(i,)) = x*A(i,))

C=A+B = C(i,) = A(,j) + B(i,)

C=A*B — matrix multiplication

C=A*B = C(i,)) = A(i,)) * B(i,)) , contrast with matrix multiplication
C=A./B = C(i,j) = A(i,)) / B(i,))

C=A"2=A*A ,ingeneral A*x is the result of multiplying A with itself x times. Only
makes sense for a square matrix A but x can be a real number.

C=A"2 = C(i,)) = A®WL)D*A(,) , and C=A."x = C(i,)) =
A(1,))™X , i.e. each element of Ais raised to the power x. A can have any dimension.

Useful Matlab functions for CS475

This is a short list of built-in functions with reminders of what they do. Use the Help
system to get more details. To suppress output to the console after executing a function
-- such as opening a large image -- make sure to put a semicolon after the command.

« help <function-name> : this prints information about the function. It displays the
first comment of the .m file. Try ‘help help’ to get information about the help system.

. doc <function-name> : brings up the main Help window showing the entry for
<function-name> . For built-in functions this provides more information than help .



. edit <function-name> : opens the editor with the function or script. E.g., edit
demo will open demo.m.

. plot(v)  : plots the vector v as a function in one variable. The x axis is the element
location and the y axis is the element value.

. title('text")/xlabel/ylabel/zlabel : title and labels of plots.

. imagesc(M) : displays the values of the matrix M in color code scaled to include the
min and the max values.

« im=imread('Paolina.tiff") : read in an image file.

« im=im2double(im) : converts the matrix im into a matrix of double precision
numbers. Many matrix operations require double precision matrices.

- imshow(im) : displays the image im.

« min(v) /max(v) :returns the min/max value of the vector v.

. figure(n)  : switches (or opens) the window corresponding to Figure n where n is an
integer.

. axis

- mesh(M) /surf(M) :displays a 3-D plot of the matrix Mwhere two coordinates are

given by the dimensions of M-- e.g., i andj -- and the third coordinate is the value of
M-- e.g., M(i,))

. contour(M) :displays level-sets of the matrix M

« [vx, vy] = gradient(M) : returns the gradient with components vx and vy of the
function represented by the matrix M These are the discrete approximations of the
derivatives in along the x axis and along they axis respectively.

. quiver(vx, vy) : displays vectors. vx and vy are both matrices of the same size,
say, n-by-m, which define a vector field at each of the n-by-m locations. For example,
the vector at position (i,)) has components vx(i,)) and vy(i,j)

- norm(v) :computes the norm of the vector v, i.e. sqrt( sum_i v(i)*2 )
. conv2 : 2-D convolution.

- A=sqrt(M) : applies the square root function on each of the entries in the matrix M
and returns the result in the matrix A. Most mathematical functions behave like this,
e.g. sin , cos, tan , exp, log , etc.

« [X,Y]=meshgrid(xrange, yrange) : useful for creating matrix representations of
functions f(x,y) with known analytic form. For example, f(x,y) = sqrt(x"2+y/2).



Tutorials and Introductions to Matlab

A video describing in more detail how the desktop works.
http://www.mathworks.com/support/2007a/matlab/7.4/demos/desktop.html

In the Help window inside Matlab there are a number of demos accessible through the
Demos tab. Check out the following ones:

- Basic Matrix Calculations

- 2-D Plots

+ 3-D Plots

- Line Plotting

- Axes Properties

Use help to find out more about ranges: help colon

http://www.mathworks.com/access/helpdesk/help/pdf doc/matlab/getstart.pdf

Read Chapters 1 and 2 for an introduction to the interface and basic operations with
vectors and matrices. Read the section “Scripts and Functions” of Chapter 4 (page
4-20).

There are more Matlab resources listed at http://zo0.cs.yale.edu/classes/cs475/
resource.htmil.
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Exercises

1. Image manipulation: image as a matrix.

- Create a new directory and download the image Paolina.tiff from http://
zoo.cs.yale.edu/classes/cs475/image/Paolina.tiff. Open the image with imread
and convert it to a matrix with double precision numbers. Display the image with
imshow in Figure 1 and with imagesc in Figure 2.

- Plot the image level sets in Figure 2. You may need to adjust the axes by typing
axisij . This is the image coordinate axis in which the y axis decreases from top
to bottom, opposite to the default direction axis xy

- Compute the image gradient magnitudes at each image location as the matrix
gmag. The magnitude of a vector v is given by the formula below. Display gmagin

[v| = (/v + v2
color code.

- Display the gradient vector field for the image in Figure 2. Display the unit length
vector field of gradient directions in Figure 3.
- Compute the image g as defined below where fdenotes the original image

g(x,y) = flx,y) +! |! f(z,y)|, for ! =1,10,100

modified by adding a factor of its gradient magnitude. Display the results in Figure
4.
- Comment briefly on each of the figures that you obtained.

2. A.coli.
- Download acoli_path.m and acoli_hist.m and put them in your working directory.
Use help acoli_path to find out how to invoke it. Find out how to use

acoli_hist and display the histogram (use axis xy ) with 10, 20 and 100 bins
along each axis.

- Food detector. Is it possible to choose parameters for A. coli so that the food
function can be obtained from the observed behavior? Assume that the food
function does not change with time. What is the best combination of parameters?
Why is it the best? Obtain the two different food functions using your method and
compare them to the ones returned by acoli_hist
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