What is Matlab ?

MATLAB is very popular in the academic sector
It provides built-in functions for manipulating vectors and matrices.
Other emerging tool (Phyton that is open-source)
There are lot of online resources for quick tutorials or references of
built-in functions :

« http://www.mathworks.com/help/matlab/functionlist.html
A Matlab script (e.g. Myscript.m) is a text file le containing lines of
commands

You run the script by typing “Myscriﬁt" at the MATLAB command
prompt, MATLAB then executes each line one at a time exactly as
written into the command line. Lines beginning with % are treated
by MATLAB as comments and are ignored.

A script can be written with any text editor, but MATLAB has a
built-in m-file editor.



Starting

Dos/Unix like directory navigation

Commands like:
cd
pwd
mkdir

For navigation it is easier to just
copy/paste the path from explorer
E.g.:

cd ‘c:\myscriptsV



Matlab GUI
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[E Learning MATLAB

+ Getting Started - introduction to MATLAB.

+ Using MATLAB - user guides for all of MATLAB.

+ Programming Tips - tips on many aspects of programming with MATLAB.
+ Exarnples - major examples in the MATLAB documentation.

+ Release Motes - summary of new features, bug fixes, upgrade issues, etc.

+ MATLAR Functions Listed by Categary - browse MATLAE functions by




Matlab is arrays

Manipulation of arrays is faster than regular manipulation
with for-loops

||a =[123456 79 10] % define an array ||

A\ MATLAB E]@W
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*a=[1234586 7385 10]




Accessing 1D arrays

>> a(l) >> a(l:3)
ans = ans =
- 0 0.3000 0.6000
0
'|>> a(l) = 100 " ||>> a(1:3) = [100 100 100] "
r“!:iulTL.lB g@ﬂ

File Edit Wew ‘Web ‘Window Help
O = W | ? | Current Directory: | C:MATLABwork

»» a(l:3) = [100 100 100]

Columns 1 through 11

100, 0000 100.0000  100.0000 0.52000 1.z000 1.5000 l.&000 Z.1000

Columns 12 through 21

3.3000 3.6000 3.9000 4, 2000 4, 5000 4.8000 5.1000 5.4000
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5.7000
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&.0000

3.0000
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Accessing 2D arrays

= 2D arrays can be accessed by columns or rows

> a =012 3; 4 5 6] >> a(l,:)
a =
ans =
1 2 3
4 5 6 1 2
>> a(2,2) >> a(:,1)
ans = ans =
5 1
4




Computation is by column

> a =012 3; 3 2 1]

=
N
w

>> mean (a)
ans =

2.0000 2.0000 2.0000

>> max(a)
ans =

3
>> sort(a)

ans =

=

NN

=




Concatenation is by column or

> a = [1 2 3]; Row next to row >> a = [1;2]; Column next to column
> b = [4 5 6]; > b = [3;4];
>> ¢ = [a b] >> ¢ = [a b]
c =
c =
1 3

1 2 3 4 5 2 4
> a = [1 2 3]; Row below row >> a = [1;2]; Column below column
> b = [4 5 6]; > b = [3;4];
>> ¢ = [a; b] >> ¢ = [a; b]
c = c =

1 2 3

4 5 6

= W N R




Initializing arrays

= (Cleate array of ones [ones]

>> a = ones(1,3) >> = ones(2,2)*5;
a = a =

1 1 1 5 5

5 5

>> a = ones(1l,3)*inf
a =

Inf Inf 1Inf

Create array of zeroes [zeros]

Good for initializing arrays

>> a =
a =

zeros (1,4)

wNn PR

zeros(3,1) + [1 2 3]’




Reshaping and resizing arrays

= Changing the array shape [reshape]
= (eg, for easier column-wise computation)

> a=[12 345 6]’'; % makeitinto acolumn
>> reshape(a,2,3)

ans =

1 3 5
2 4 6

Replicating an array [repmat]

> a = [1 2 3];
>> repmat(a,l,2)

ans = 1 2 3 1 2 3

>> repmat(a,2,1)
ans =
1 2
1 2

w

w




Useful functions to work with

arrays (I)

st element of array [end]

> a=[1 3 2 5];
>> a(end)

ans =

5

> a=[1 3 2 5];
>> a(end-1)

ans =

2

Length of array [1length]

>> length(a)
ans =

4

Dimensions of array [size]

>> [rows, columns] = size(a)
rows = 1

columns = 4

Length = 4
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Useful functions to work with
arrays (II)

= Find a specific element [£ind] **

> a=[1325105 2 3];
>> b = find(a==2)

b =

3 7

Sorting [sort] ***

> a=[1 3 2 5];
>> [s,i]=sort(a)
S=
1 2 3 5




Some operators must be handled
| with care:

Some operators must be handled with care:

A=[12;45]

B=A*A prints 9 12
24 33

B=A.*A prints 1 4
16 25

Element by element



Sub-matrixes

\ matrix can be indexed using another matrix, to
produce a subset of its elements:

a =[100 200 300 400 500 600 700] b=[356]
c = a(b):

To get a subsection of a matrix, we can produce the index matrix with the
colon operator:

a(2:5)
prints
ans = 200 300 400 500

*This works in 2-D as well, e.g. ¢(2:3, 1:2) produces a
2 X 2 submatrix.

*The rows and columns of the submatrix are renumbered.



Images can be treated as matrix

Loading an image:
a = imread(‘picture.jpg’);
imshow(a);
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i Plotting

- Commands covered: plot, xlabel, ylabel, title grid,
axis, stem, subplot

« Xlabel('time (sec)’); ylabel( step response’);
title('My Plot’);

Eg:To plot more than one graph on the screen, use
the command subplot(mnp) which partitions the
screen into an mxn grid where p determines the
position of the particular graph counting the upper
left corner as p=1. For example,

 subplot(211),semilogx(w,magdb);

 subplot(212),semilogx(w,phase);




Modifying plots

r Figure No. 1 E]@W

File Edit Wiew Insert Tools ‘Window Help [ Zoom out }
NEEHE NAA/, @O

—>[0 H O &
150 t 1 TT

o .
o [ Zoom in }

At © o
3 4o o OO
35l 4K o O
| B o‘% .
OED HEE O
i .
3 ©g o e B e o B Create line
| E [ ] I—|:| |
25+ O O = O .
© O
2 1 1 1 1
4 5 5 7 g [ Create Arrow }

[ Select Object } [ Add text }




Changing plots as visualization
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Add titles

Add labels on axis
Change tick labels
Add grids to axis
Change color of line

Change thickness/
Linestyle

etc



Example (I)
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Example (1I)

Figure No. 1
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Changing figure properties with

code (I)

= GUI's are easy, but sooner or later we realize that

coding is faster

|| >> a = cumsum(randn(365,1)); % random walk of 365 values ||

Figure Mo. 1
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Changing figure properties with

code (II)

= AXIS annotation to months

>> axis tight; % irrelevant but useful...
>> xx = [15:30:365];

>> set(gca, ‘xtick’ 6 xx) ~§“§=§‘

The result ...

Figure Mo. 1
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Changing properties of figures
with code (II})

= AXIS annotation to months

‘Feb’ ; ‘Mar’])

>> set(gca,’xticklabel’ ,[‘'Jan’; ... H

The result ...
r Figure No. 1 g@-\ ’ Figure No. 1 E]@W

Eile Edit Wew Insert Tools ‘Window  Help File Edit “iew Insert Tools | Window Help

DeEdE " AAs, 20 DEEE " A2, B0

Jan Feb Mar Apr Jun Jul Aug Sep Oct Moy Dec Jan < 19 45 75 105 135 165 195 225 255 2BS 315 345




Changing properties of figures
with code (IY)

= AXis labels and title

Other latex examples:

\alpha, \beta, e*{-\alpha} etc

">> title('‘My measurements (\epsilon/\pi)') "

r Figure Mo. '\ g@w
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>> ylabel ( ‘Imaginary Quantity’) ”
I* ?ﬁ
E
>> xlabel (‘Month of 2005’) || ., Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec Jan

fonth of 2005




How to save figures

= Matlab allows to save the figures (.fig) for later

processing
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How to export figures
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You can also achieve the same
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% extract to color eps
print -depsc myImage.eps; % from command-line
print (gcf,’ -depsc’ ,'myImage’) % using variable as name




Visualizing data — 2D bars

r Figure MNo. 1 g@w
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time = [100 120 80 70]; % our data

h = bar(time); % get handle

cmap = [1 0 0; 01 0; 001; .50 1]; %colors
colormap (cmap) ; % create colormap

cdata = [1 2 3 4]; % assign colors
set (h, 'CDataMapping', 'direct', 'CData',cdata) ;




_ Visualizing data — 3D bars

0
0.0198
0.0397
0.0595
0.0794
64< 0.0992
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—

data colormap

0
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0.7812

0
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0.0158
0.0237
0.0316
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0.4817
0.4896
0.4975

—

3

data = [ 10 8 7;, 9 6 5; 8 6 4; 6 5 4; 6 3 2; 3 2 1];
bar3([1 2 3 5 6 7], data);

c = colormap (gray); % get colors of colormap
c = ¢(20:55,:); % get some colors
colormap (c) ; % new colormap




Visualizing data — Surface
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The value at position
x-y of the array
indicates the height of
the surface

data = [1:10];
data = repmat(data,10,1); % create data

surface (data, 'FaceColor',[1 1 1], 'Edgecolor', [0 0 1]); % plot data

view(3); grid on; % change viewpoint and put axis lines
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How to create M files (1I)
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How to create M files (1II)

: ollowing script will create:

— An array with 10 random walk vectors

— Will save them under text files: 1.dat, ..., 10.dat
myScript.m Sample Script
a = cumsum(randn(100,10)); % 10 random walk data of length 100
for i=l:size(a,2), % number of columns
data = a(:,1i) ;
fname = [num2str (i) ‘.dat’]; % astring is a vector of characters!
save (fname, ’'data’,’-ASCII’); % save each column in a text file
end
Write this in the
A random walk time-series M editor...
10 T T T
ol rcﬁp.unm mE x|
Filg Edit  Wew ‘Web Window  Help
0} | - = ...and execute by typing the q
o name on the Matlab
-5 ‘ | | ‘ ‘ ’ ‘ ‘ ‘ =3 command line
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L4
< Start




Functions in M scripts

keyword output argument function name

input argument

function dataYN = zNo!:‘m(datg)
% ZNORM zNormalization of vector
% subtract mean and divide by std

if (nargin<1l), % check parameters

error ( ‘Not enough arguments’) ;
end
data = data - mean(data) ; % subtract mean
data = data/std(data); % divide by std
dataN = data;

J

J

Help Text
(help function_name)

>Function Body

|| function [a,b] = myFunc(data, x, y) % pass & return more arguments




_ Cell arrays in matlab

= Cells that hold other Matlab arrays

— Let’s read the files of a directory

>> £ = dir(‘*.dat’) % read file contents

for i=l:length(f),
a{i} = load(f(i) .name) ;
N = length(a{i}):;
plot3([1:N], a{i}(:,1), a{i}(:,2),

200N~

1004 —

0;
1000

‘r-’, ‘Linewidth’, 1.5);
grid on; /
pause; 6o, e
cla; 500, \\
end 400 \
3004 f&f’\ -

»

) cameraMouse

BEx)

. File Edit View Favortes Tc > ¥
- - » : »
@ Back » () .? i Links
: Address :qj C:\Documents and SE[\H Go
£) 1.dat ] 9.dat
£ 2.dat £} 10.dat
£] 3.dat £ 11.dat
£] 4.dat £ 12.dat
£ 5.dat ] 13.dat
£} 6.dat ) 14.dat
£ 7.dat £) 15.dat
£] 8.dat
S
Struct A s
ruc rra \)
L| name | &&
—] date |
— bytes |
] isdir |

1500



Reading and writing files

Loaél/Save are faster than C style I/O operations

But fscanf, fprintf can be useful for file formatting

or reading non-Matlab files

fprintf (fid,
end
fclose (£id) ;

fid = fopen('fischer.txt',

for i=1l:length (species),
'%6.4f %6.4f %6.4f %6.4f %s\n', meas(i,:), species{i}):;

'wt! );

Output file:

. fischer.txt - Notepad

=Jo/ed

File Edit Format YWiew Help

5.1000 53,5000 1.4000 0
4,5000 3,0000 1.4000 O
4, 7000 3,2000 1.3000 O
4,6000 3,1000 1.5000 O
3.0000 3,6000 1.4000 0
5.4000 3.9000 1.7000 O
4,6000 3.4000 1.4000 O
5.0000 3.4000 1,5000 O
4.4000 2,5000 1.4000 O
4,9000 3,1000 1.5000 O
5.4000 3.7000 1.5000 O
4, 8000 3.4000 1.6000 O

L2000
L2000
L2000
L2000
L2000
L4000
L3000
L2000
L2000
L1000
L2000
L2000

zeto=a
Zetosa
Zetosa
zeto=a
zetosa
setosa
Zetosa
setosa
setosa
Zetosa
setosa
Zetosa

Elements are accessed column-wise (again...)

x =0:.1:1; vy = [x; exp(x)];

fid = fopen('exp.txt','w');
fprintf (£fid, '$6.2f %12.8f\n',y);
fclose (£id) ;

1 S e e




Flow, control, loops

= if (else/elseif) , switch
= Check logical conditions
= While
= Execute statements infinite number of times

s for
= Execute statements a fixed number of times

= break, continue

= Feturn
= Return execution to the invoking function



clear all;

tic;
for i=1:50000
a(i) = sin(1i);
end
toc

clear all;

a = zeros(1,50000) ;

tic;
for i=1:50000
a(i) = sin(1i);
end
toc

clear all;
tic;

i = [1:50000];
a = sin(i);
toc;

elapsed_time =

5.0070

elapsed_time =

0.1400

elapsed_time =

0.0200

Advantages of vectorialization

Pre-allocate arrays that
store output results

No need for Matlab to
resize everytime

Functions are faster than
scripts

Compiled into pseudo-
code

Load/Save faster than
Matlab I/O functions

After v. 6.5 of Matlab there
Is for-loop vectorization
(interpreter)

Vectorizations help, but
not so obvious how to
achieve many times



Advanced Features — Making
Animations

= Create animation by changing the camera viewpoint

azimuth = [50:100 99:-1:50]; % azimuth range of values
for k = 1l:1length(azimuth),
plot3(l:length(a), a(:,1), a(:,2), 'r', 'Linewidth',k2);
grid on;
view (azimuth (k) ,30) ; % change new
M(k) = getframe; % save the frame
end

movie (M,20) ; % play movie 20 times




Matlab Toolboxes

There are many specialized toolboxes from Mathworks
Image Processing, Statistics, Bio-Informatics, etc

There are many equivalent free toolboxes too:

SVM toolbox
http://theoval.sys.uea.ac.uk/~gcc/svm/toolbox/

Wavelets
http://www.math.rutgers.edu/~ojanen/wavekit/

Speech Processing
http://www.ee.ic.ac.uk/hp/staff/dmb/voicebox/voicebox.html

Bayesian Networks
http://www.cs.ubc.ca/~murphyk/Software/BNT/bnt.html




Helpers

Ip [command] (on the command line)

€J. help fft

Menu: help -> matlab help

Excellent introduction on various topics

Matlab webinars

http://www.mathworks.com/company/events/archived webinars.htm|?fp

Google groups
comp.soft-sys.matlab
You can find *anything* here

Someone else had the same
problem before you!

| & 1Googte Graups : comp. softsys matiab - Microsoft itermet Explerer
i Fle Et  MYew Foortes Tools Neb

=0

g » »

i 0&» . x| :'1‘ s EIw3 Dieench &) Googe ] TWIG ] Techbargars ] ceastessec @) Yahoo!
| eZoom~- A 4 oox B R @ @idys o= 8) Fetp froups tera cooghe. comigrauic v | £ G

michalisDagmail.cem | My Groups | Help | Sgn ot &

Web Image: Gromps MNeex Frooge  Loca !!!!Ll.,
G003le e st

| Se chh

comp . soft-sys . matiab
L Star a new topic - Subscribe 1o this group - About thi group
Description: The MathWorks calculston and weualiz st io

My Grogps Soarcn this group |

My steerad \':(ngu

n package
My recent gromps

: View itles orly  Viewing with messages text

Racantly visited Please holp on standdone application
omp.soft gys, matlab Liu Wei 9

Active older teplcs

apphcatian for fo'ny

mp,,,, The peogram cort Ri4322 Fost Deployment Fie
dataly fig fle) and tw -cl.c ddlion do MCT Archive)
pile tham nt
fen | un the exe S
ge - 1 author
matlad.cmsh
GraphsmMatlab 5 new o =, 2416
08 Ancton budlder bangs
H H :! a shio e

o
related to araphs: 11How do we jom tho Y awsc o2 . Aun O vl

G_J ® et



Time series (1)

Definition: A sequence of measurements over time I

Medicine
Stock Market
Meteorology
Geology
Astronomy
Chemistry
Biometrics
Robotics

Altimetry (SSH,
SLA)

64.0
62.8
62.0
66.0
62.0
32.0
86.4
21.6
45.2
43.2
53.0
43.2
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~ Time series (II)

time




Normalization

= Intuitively, the notion of “shape” is
generally independent of
= Average level (mean)
= Magnitude (variance)

= Unless otherwise specified, we normalize
to zero mean and unit variance



Correlation and similarity

Yy = oaxy+ ¢, Fforl<t<N
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ﬁ Fourier transform

= One cycle every 20 time units (period)



i Example (I)

= Let’s write a script to generate a sine function
2048 points long.

= Generate exactly 64 full cycles over this interval.
» Plot the results and add labels to the axes.



Result

% Create a sine function 2048 points long...
%

figure(1)

nx=2048;

% 64 Full cycles

nc=2/2048;

%nc=64/2048;

x=0:nx-1;

%

% now make the function and plot it.
%

y=sin(x*pi*nc);
plot(x,y)

= Xxlabel('x")
= Yylabel('y")



Example interpolation

X = 0:.6:pi;

y = sin(x); 1
xi = 0:.1:pi; 09 0’
figure 07 "o
yi = interp1(x,y,xi,'cubic'); os- o' :
yj = interp1(x,y,xi,'linear);os- .
pIOt(X,y,'kO') 0.4+
hold on 03 ¢
plOt(Xi,Yi,'r:l) o2 ? :l:t::: interpolation
pIOt(Xi,Yj,'g .- ') 0.1-¢ Iinl:.ar ir:tefpll:ltion ®
® s 1 15 2 25 s s



Histograms

X =randn(1,1000);
[C, N] = hist(X, 50);
bar(N,C/sum(C))

(N = location of bins,

C = counts in each
location)

[C, N] = hist(X, 10);
bar(N,C/sum(C))

Probability function
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Vectorizing code

You might from time to time be tempted to create a matrix by defining
each element one-by-one in a for loop or something like that. That will
work but using

Consider two ways to create a 10,000 x 1 vector
[1, 4,9, 16,...,100004]

tic tic
a=zeros(1,10000); a=[1:10000].~2;
for i=1:10000 toc
a(i)=inz;
end
toc
Elapsed time is 0.000282 seconds. Elapsed time is 0.000063 seconds.

The code on the right is said to be vectorized. It's usually a good idea
to try to vectorize your code. Just don't go crazy with it.




Geo-referencing in matlab

tract and display a subset of full resolution data for the state of

% Massachusetts.

% Read the stateline polygon boundary and calculate boundary limits.
Massachusetts = shaperead('usastatehi’, 'UseGeoCoords', true, ...
'Selector',{@(name) strcmpi(hame,'Massachusetts’), 'Name'});
latlim = [min(Massachusetts.Lat(:)) max(Massachusetts.Lat(:))];
lonlim = [min(Massachusetts.Lon(:)) max(Massachusetts.Lon(:))];

% Read the gtopo30 data at full resolution. EI(; %t JFew s Toop 3%1" Yndon. B
[Z,refvec] = gtopo30("W100N90',1,latlim,lonlim) ‘ n

% Display the data grid and

% overlay the stateline boundary.
figure

usamap('Massachusetts');

geoshow(Z, refvec, 'DisplayType', 'surface')

geoshow([Massachusetts.Lat], ...
[Massachusetts.Lon],'Color’,'m’)
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