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Introduction

What is Matlab?

Matlab (stands for " Matrix laboratory”) is an environment which is
suited to work with arrays and matrices, integrating visualization
and computation. Visit the website http://www.mathworks.com.
Several toolboxes (i.e. sets of precompiled routines) are available,
specifically suited for different engineering fields: statistics, signal
processing, control, data acquisition, symbiology ...

Matlab can be used both from the command window and by
coding scripts. GUI's are available for specific tasks.

Files created in Matlab end in .m, data can be saved in files that
end in .mat (we will see how).
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Introduction

Where to get Matlab

» Matlab is available for download if you are registered Caltech
students

» go to the url http://software.caltech.edu/
» log in with your CIT (IMSS) email account and psw

> go to the "software” section and download the latest available
version of Matlab, R2006b (PC or MAC).

» For MAC users: you need X11
http://www.apple.com/downloads/macosx/apple/x11formacosx.html
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Introduction

Command window

800 MATLAB |
File Edit Debug Desktop Window Help
D 4 BB o o | B | 9| curencoirectory: /Applications/MATLAB704 ET=
Shortcuts [&] How to Add [#] what's New
x 7 Workspace E— ‘Command Window
AES %S| el > SMATLA B>

N Valoe Copyr@ght 1984-2005 T}?c Mathworks, Inc.
Version 7.0.4.352 (R14) Service Pack 2
January 29, 2005

X 7 Command History
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Variables GRS

Built-in variables

How to define variables

In Matlab, variables are arrays. You do not need to define their
format (int, real ...) or dimensions in advance, nor to declare them
at the beginning of your program. One is mostly interested in
defining:

» Vectors

» Polynomials

» Matrices
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Variables (TR

Built-in variables

How to define a vector

Typing: >>a=[1 2 3 4];or >>a=][1,2, 3, 4]; defines a
row vectora= (1 2 3 4).

Typing: >> a=[1; 2; 3; 4]; defines a column vector a =

A W N =

You can also use the transpose operation: a=[1; 2; 3; 4]’;
defines again a row vector.

Type >>t=[0:.1:1] or >>t=20:.1:1. Defines a row vector
t whose elements range from 0 to 1 and are spaced by .1.

To get rid of a, write >> clear a. (Clear all - clears all vars)
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Variables (TR

Built-in variables

Comma and semicolon

Comma: array row separator. Semicolon: column separator.
If you do not type a semicolon after defining each variable, you'll
have some hassle, especially if you defined big arrays ...

% Command Window

>> a=[1 2 3 4]

a =
1 2 3 4
>> [1 2 3 4]

ans =

Note: Matlab has a built in variable ans that stores the most
recent variable you defined.
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Variables (TR

Built-in variables

How to define a polynomial

Typing: p=[1 1 3];

defines a row vector p = (1 1 3), which the environment can
also interpret as a second order polynomial p(s) = s? + s + 3.
Typing: p=[1 0 3 1]

will define a third order polynomial p(s) = s + 3s + 1.

Matlab offers several functions to solve operations with
polynomials.
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Variables (TR

Built-in variables

How to define a matrix

A matrix is a stack of row vectors. Just type
A=[1 2 3;1 2 3]and you will generate a 2 x 3 matrix:

123
A‘[123]

To access the (7, ) element of A, just type A(/,j). For instance
>> A(2,3) will return >> ans = 3. Elements of a matrix can also
be reassigned, e.g. >> A(2,3) = 100; will transform A into:

12 3
A‘L 2 100}
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Variables (TR

Built-in variables

How to define a matrix

1 2
» Transpose: type A=A A= |2 2
3 3

> >> eye(3): 3 x 3 identity matrix. >> eye(4,5): 4 x 4
identity plus a column of zeros;
> >> zeros(3,2): 3 x 2 matrix padded with zeros;
> >> ones(3,2): 3 x 2 matrix of ones;
» >> rand(n, m) and >> randn(n, m): uniformly and normally
distributed n X m matrices;
» >> diag([1,2]): diagonal matrix: A= [é g}
Type >> help gallery for a list of matrices that can be defined by
specifying their relevant parameters.
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Variables (TR

Built-in variables

How to manage matrices

> [n, m] = size(A) returns the row and cols. number of A. Use
size(A, 2) to access the cols. number.

> [ Y, ] = max(A) returns: Y max el. in each row of A; I,
indices of the corresponding element. max(max(A)) returns
the max el. of A. For vectors, max(v) returns max el.

» [ Y, /] = min(A), see above.
» Y = sort(M) sorts the cols of M in ascending order. See
>> help sort or >> doc sort for more info.

» find(M == 1) returns the linear indices of els. = 1.
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Variables GRS

Built-in variables

Built-in variables

There are seven built-in variables (which can be overwritten):

» ans, which we have seen already.
> eps is the floating point machine accuracy.

> / and j represent the imaginary unit. You can define complex
variables ( array, polynomial coefficients, matrices), e.g.
>>x =543 is a complex number.

> Inf is "infinity". 1/0, 22090 and exp(1000) all produce Inf;
log(0) produces —Inf.

> piis .

» NalN is "Not a Number”; this is generated when operations
have undefined numerical results, such as 0/0 or Inf /Inf.
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Operations and functions

Operations and functions

A complete categorical list of operations and functions available in
Matlab cal be found through the Help Contents.

A wide number of elementary mathematical functions is offered
(exp, sin, log ...), together with linear algebra, polynomial tools,
specialized math and other categories.

Individual toolboxes will offer dedicated routines (e.g. function
minimization routines, Optimization Toolbox; controllability,
observability checks, Control Toolbox...).
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Operations and functions

Elementary operations

Two types of arithmetic operations:

» matrix arithmetic operations: rules of linear algebra

» array arithmetic operations: carried out element by element.
The period character (.) distinguishes the array operations from
the matrix operations. Examples:

» A, B matrices of the same size; A+ B, A— B, Ax B are the
sum, subtraction and matrix multiplication as classically
defined. A. x B is an element-by-element product (A and B
must have the same size, unless one is a scalar).

» AP is the matrix power. Equivalent to A x A x ... x A for
p-times. A.P is the array power: equivalent to A(/, /)P
elementwise. If p is a matrix, must be of the same size of A.
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Operations
Linear algebra
Polynomials
Functions

Elementary vector operations table (from Matlab help)

Matrix Operations Array Op Matrix Op Array Op
x 1 ¥ 4 x 1 Y 4
2 5 2 5
3 6 3 6
x' 123 ¥ 456 |2\x 1/2 2./x 2
1 1
Xy s s -3 3/2 2/3
7 -3
9 -3 x/y 00 1/6 |x./y 1/4
00 1/3 2/5
®+ 2 3 x-2 -1 00 1/2 1/2
4 ]
3 1 x/2 1/2 x./2 1/2
1 1
X *y Error .ty |4 i/2 372
10
18 x"y Error Xy 1
32
x' =y 32 Error T29
Xy 226 Error ynp Error  |x.°2 |1
8 10 12 1
12 15 18 3
2 2 X2 2 2°x Error 2.%x 2
4 4 B
6 6 B
x\y 16/7 Ay |4 T T PR T ———
5/2
2 (xbi*y).' |1 4 4i 2 # 5i 3 + 6i

Matlab Tutor
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Elementary matrix operations table (from Matlab help)

Operator | Description

» >> A/ B slash or right y Addition

division; is equivalent to = Sbiraction
- o Multiplication
* .

B InV(A) F Right division

» >> A\ B backslash or A |Leftdvisien
left division; equivalent to ’ ki
3 - Unary minus
InV(A) * B : Colon operator
NOTE: if Ais n x m, - Power
n# mand Bismx1, i Tranapose

. i Complex conjugate transpose

A \ B WI“ ComPUt_e the - Matrix multiplication
least squares or minimum / Matrix right division
norm Solution )_< Of A Matrix left division
AX _ B “ Matrix power
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Relational operators (Table from Matlab Help)

Operator | Description

AR B operates elementwise. < Less than
<= Less than or equal to
Returr.1$ array whe.re elements . rr——
are 1 if R true, 0 if false. A
z= Greater than or equal to
and B not need to have same
. " Equal to
size.
e Mot equal to
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Logic operators (Table from Matlab Help)

Again operate elementwise for
matrices.

Inputs | and or not | xor
. A |B |A&B|A | B|~A |xor(A,B)
To compare expressions:
o o |0 0 1 |o
expl && exp2 o (1 |o 1 1 |2
expl || exp2 1 |o |0 1 o0 |1
where expl and exp2 give ol il . bl

scalar logical results.
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Linear algebra

Given a square matrix

determinant: >> det(M) gives >> ans = 0;

rank: >> rank(M), gives in fact >> ans = 2;

null space: >> null(M) is [0.4082 0.8165 — 0.4082]";
trace: >> trace(M) gives >> ans = 15;

vV v. v v Y

norm: >> norm(M, p) gives the p-norm. Ex. >> norm(M,1)
gives >> ans = 18, while >> norm(M, 2) gives
>> ans = 16.8481. Check >> help norm for more info ...
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Linear algebra

...continued

> inverse: >> inv(M)... oops we obviously get a Warning:
Matrix is close to singular or badly scaled. Results may be
inaccurate. RCOND = 2.202823e-18. But if the matrix is
invertible, this won't happen!

> eigenvalues and eigenvectors: >> [v, e] = eig(M) gives

—0.2320 —0.7858  0.4082 16.1168 0 0
v = | —-0.5253 —0.0868 —0.8165|,e = 0 —1.1168 0
—0.8187  0.6123 0.4082 0 0 —0.0000

» singular value decomposition: >> [U, S, V] = svd(M)...
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Basic polynomial operations

Define a polynomial p=[1 1 1 1 1],andg=[1 0 2],
ie. p(s)=s*+s3+s2+s+1,and g(s) =52 +2.
> roots of p: >> roots(p), gives s12 = 0.3090 £ 0.9511/ and
s3.4 = —0.8090 + 0.5878i.
» convolution of p and g: >> conv(p, q) gives
>>ans=1 1 3 3 3 2 2. Also deconv exists.
> derivative of p: >> polyder(p) is 45>+ 3s2 4 2s+ 1. Can also
do polyder(p, q), will find the derivative of the convolution.
» characteristic polynomial: given our previous matrix M,
>> poly(M) returns
>> ans = 1.0000 —15.0000 —18.0000 — 0.0000.
Obviously one root is zero.
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Useful mathematical functions

Define an array t =[0:.1: 10]. You can evaluate:
» trigonometric functions:
cos(t), sin(t), tan(t), sec(t), tanh(t)...
» exponential and logarithm: exp(t), log(t), log2(t), logl0(t)...
Other useful stuff:
» complex numbers: real(s), imag(s), abs(s), angle(s)...

» rounding and remainders: floor(s), ceil(s), mod(sl,s2),
rem(sl,s2)...

» discrete math: perm(s), factors(s), factorial(s)...
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Graphics

Simple graphics

My first plot

Want to draw your sin(t)? os
>>t=1[0:.1:10]; .
>> plot(t, sin(t))
>> xlabel('Time')

>> ylabel('sin(t)") L
>> tlt/e(/My ﬁrst p|0t/) 04
For more info: >> help plot. b

time
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Graphics

Surfaces

Example: >> x =[-2:.1:2];
>>y=[-2:.1:2] _ )
>> [X, Y] = meshgrid(x,y); et &@,\
>>7Z=X"2+Y/ 2 TR e e
>> mesh(X,Y,Z)

>> xlabel('X")

>> ylabel('Y')

>> zlabel('Z")

>> title('"My first surface’)

Try also >> surf(X,Y,Z)! For
more info, type >> help mesh or
>> help surf.
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Scripts and data management
Functions

Programming

Create a script

o668 Editor - /Users/elisa/ Documents

File Edit Text Cell Tools Debug

X?"*|DE’:Q| 4By B v Save As: myscript.m
. Z[BBEl - [+ |+l = E .
Go to File — New i 1o a1l _. ) (s
H 2 9 Newwork | Cbs 110
M fl|e.' g_ FE B ol B 2} Macintosh np| |7 €DS 110/10
This will launch the 5 000 -1 myscrip
) 6 1000 BF Desktop
Matlab ed|t0r. ol 0100 1; ® elisa
8 8% Applications ||
9 - M=[0 1 0 0 =
i 10 2100 fiss Movies
Then you can write 1 G0 & Music
some code and debug. = 00 =2 L1y [ Q8 ncwures
o . INVITED_ELL ..
14 - M=T*M*T'; o
15 3
16 - find(Mj==M); ———
L SWNERSES NSy
18
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Scripts and data management
Functions

Programming

Control flow

» for: .
or > if—else:
fe = .
or  var = expr i exprl T
stat
end stat
else if expr2 T
_ stat
» while: else
stat
hil T
while ezgt end
d
end en
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Scripts and data management
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Programming

Example

6606 Editor - /Users/elisa/Documents/Elisa/PhD/2006 FALL TERM/t
File Edit Text Cell Tools Debug Desktop Window Help
s E|tmBo o [S[6 5| RR|B BB BB st Bse ¢

G B IB| -[10 |+ | +[11 | x |k
Note: comments are preceded by % S R

al=.5; a2=.4; b=.2; % PARAMETERS OF THE PROBLEM
y(2)=0; % INITIAL CONDITIONS

= for t=3:Nsim

if t>10 && <50
u(t)=1; % INPUT

Try to play with the parameters of o i T
= end
the main equatION! 3— y(t)=b*u(t-1)/(a0+al*y(t-1)+a2+y(t-2)); & MAIN EQUATION

16 = end

:
Figures can be split in more windows.
;
8
%

8- p=[a2 al ad];

Tip: use the smart indent formatting o e

figure(1)

M 22 lot(l:it,
command (Edit — Select All, Text %= %l .,
24 - ylabel('y')
25 title('Plot of £ 5
— Smart Indent)! 5 ‘ e
By figure(2)
28 - plot(real(v), nnag(v), E2A)
29 - xlabel ('Real axi
30 - ylabel('Imaginary ax s')
3T title('Roots of p')
32
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Where are my data?

00 MATLAB
File Edit Debug Desktop Window Help
D] % B @ o |8 | 2| curentdrectory. /Applications /MATLAB704
Shortcuts [ Howto Add [f] What's New
x 7 Workspace =
L LA HICEaE
M <A1k doubler
. By s
All your data are stored in the &
=20
H-

Matlab workspace.

Also your commands are stored in
the command history, which can be =
scrolled up/down. )

zlabel('Z')
title('My first surfd
help surf

figure(2) 0
surf (X,Y,2) %
surf(X,Y,z)

4 start

Elisa Franco Matlab Tutorial, CDS110-101




Data management

Scripts and data management
Functions

Programming

Save the data you
produce:

> to a text file

> in .mat format;
more convenient if
need to utilize them
again in Matlab.
Use
>> load mydata

File Edit Text Cell Tools Debug Desktop Window Help

xa [+ DB H|i B o~ |S 65

@ﬁ"@@@@@lsmu Base &

G| BB IB| - 10 + |11 | x|Fa
1- clear all
2 Nsim=100; % LENGTH OF SIMULATION
S a0=.2; al=.5; a2=.4; b=.2; % PARAMETERS OF THE PROBLEM
it y(1)=0; y(2)=0; § INITIAL CONDITIONS
5
6 - diary('y data.out') % OR diary('y data.txt')
g diary on
8 - for t=3:Nsim
9
il if t>10 && t<50
k= u(t)=1; % INPUT
12 - else
13- u(t)=0;
14 - end
15
16 - y(t)=b*u(t-1)/(a0+al*y(t-1)+a2*y(t-2)); % MATN EQUATION
17 y(t) ¢ THIS IS DISPLAYED AND THEREFORE SAVED IN y data.txt
18
19 - end
20
k= diary off
22
i save mydata $ THIS WILL SAVE ALL THE WORKSPACE AS mydata.mat!
24
R v=[a0 al a2 b];
261 save parameters v % SAVES IN THE FILE parameters.mat THE VALUE OF v
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Functions

If you need to repeat similar operations,
consider defining a function. Example:
discretized equations for an oscillator.
Important: you need to save the file with
the function name!

File Edit Text Cell Tools Debug Desktop Window Help
x| D@ H| BB oS AF|B8|AMRI
| BB iE| -[10 [+ | +[n1 | x|

function y=oscillator(u,x,delta)

y(l)=x(l)+delta*(=-x(2)+7*(1+x(1))*u);

= y(2)=x(2)+delta*(x(1)+7*(1-10*x(2))*u);

R N
1

File Edit Text Cell Tools Debug Desktop Window

xes|DEHE|inBo |3 58
| BB B| =10 [+ ] /11 x|«
1- clear al

2

3 - Nsim=500;

4 - delta=.1; % DISCRETIZATION TIME
5= y(=,l)=[1;1];

6

7 - for t=1l:Nsim

g« u(t)=0; % ZERO INPUT:

9 $¥TRY TO CHANGE THIS!
10 - y(:,t+l)=oscillator(u(t),...
11 v(:,t),delta);

12 - end

13

14 - plot(y(l,:),¥(2,:),'r")

15 - xlabel('yl')

16 - vylabel('y2')

17 - title('Discretized oscillator')
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What is Simulink?

Simulink

Simulink is a software
package for modeling,
simulating, and
analyzing dynamic
systems. It supports
linear and nonlinear
systems, in continuous
or discrete time, or a
hybrid of the two. Type
>> simulink in the
comm. win. or click on
icon.

File Edit Debug Desktop Window Help

D 4 BB o oo | 8 | 2| currentDirectory: /Applications/MATLAB704

Shortcuts [#] Howto Add 2] Wh

X a X 7
ErlE | @ | Library: simulink
Name & | File Edit View #orsst Help
\h’ ‘.
ff‘\
Sources Ginks Com\nuous Dlscrete Dlscont\nult\es Signal Sl ral
FRouting Attributes
= ®
1 M
+x y=f{u} I lisc
Math Logic and Bit Lookup User-Defined todel Forts & Hodel-Vide
Operations Operations Tables Functions “erification  Subsystems Utilities

Blocksets & commanky Adcitional Math Simulink Block Library &.2
Toclboxes | >|usad hlncks}’ ‘ & Discrete | ‘ B | EDTE‘ynE‘hI( éawaen(znns
i Mathivforks, Inc
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Simulink

Create an example

) X Library: simulink/Sources € Xl Library: simulink
File Edt View Fgmai Help File Edil View Foma Help

Model & Subsystem Inputs

File — N.ew Model. Save the © B bwet G ;‘:\l" .
foo.md! file. e cmtr /
You can now define a model [} [ [}

Constant Stgral Fue Sl BT

Miode!
rafions  Operafions  Tobles  Funclions  Verification

A ddiional Hat]
& Dicrete

Maih  Logcand 61 Lok User-Deined

Generalor  Generstar

with inputs, dynamics, i, KD .//

controller, sensors and M// e

actuators “armal Help = File Edit View Simulation Fomat Tools Help
. . Model & Subsystem b 3

For now, just play with blocks. o B, ] (=] mn g

Double click to set parameters. N =

This example just produces a . S —

eopt ﬂna\ " xv Gh Display

sin wave plot.

Simulation Control

Stop Smulation
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Simulink

Run a simulation

X example ) X Scope

8B PR ABR|BA %

© File Edt View Simulston Fomat Tools Help

To run a simulation,
need to set the
simulation parameters.
Duration, ODE solver,
step size: depend on the
problem.

Scopes are needed to
plot the variables of
interest.

example/C:

1>

e

vaiaran i s s (o |

s

-
iy
i
oK ganaat e 1

Elisa Franco Matlab Tutorial, CDS110-101



Simulink

Conclusions

This was a short introduction to the main features of Matlab.
Please always refer to the full product documentation! For other
online tutorials, Google will pop out many of them!

» http://www.math.ufl.edu/help/matlab-tutorial /
» http://www.math.utah.edu/lab/ms/matlab/matlab.html
» control tutorial: http://www.engin.umich.edu/group/ctm/

> ...
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