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MATLab Overview ”

MATLab (MATrix LABoratory) Is a high-performance
language for technical computing. Typical uses include:

« Math and computation,

 Algorithm development

 Data acquisition,

« Modeling, simulation, and prototyping

« Data analysis, exploration, and visualization
« Scientific and engineering graphics
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MATLab Overview

P

A high-level matrix/array language with
control flow statements,

functions,

data structures,

Input/output,

and object-oriented programming features.
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MATLab Overview

Toolboxes

= Signal Processing
= Communications

B bhn Do M s tardes et
OFEEE 5 BRIE 2 @k 8

il ] L]

= Filter Design

= Wavelet Analysis

d:sn = Statistics
g | = | = Optimization
Feon = Image Processing
= |{ "] = Others...
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Start to run MATLab......

. Starting MATLab and M ATI AB | R2008a

a screen similar to the
right one appears,
followed by the
desktop interface.

Capycight 1804 - 2000, The Madvoss Ine
Pastected by V.5 patents. San vasn 1 aiies &3 comvpalants

o\ The MathWorks
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Desktop and Interfaces (Default)

Menus change, Enter MATLAB View or change the Move or resize the
depending on the statements at the current directory. Command Window.

tool you are using. prompt. \ \ \
Command \

. ) MATLAB 7.5.0.5R2007b)
Window File Edt Debug Desktop Window Help

Shortcuts [2] How to Add  [#] What's New

C()mmand Current Qifectory wOa x Worlp
Hlstory Contents in o | & -
Current All Files 7 ITYDC
Pirectory ) mydemos File Folder af
) profile_results File Folder =
L) sea_temp File Folder
Current ) temp File Folder
- ‘ .r v
Dlrectory ‘ll’ﬁnﬁf7 m M-fila -’rJ
Command History W o8 X
B-3-- 7/17/07 2:52 PM --\&]
Workspace  command cle
Hisroty \\ »a= rand(S)
\ -format long
Feopenvar a
~-b={50.44, 0.1234567} =¥
| | »

AStartl lovn 4
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Desktop and Interfaces

« Rearrange the
desktop, for example
one layout like the
left one. It gives
more space for each
window.

(5
File Edit Debug Desktop Window Help
D D“| Y B v o |‘ o f I 2 Ill:\MATLABFiles\mymfiles v _J £

Command Window v 0 2 X Command History | Workspace | CurrentDirectory |

>> magic (S)

ans =
17 24 1 8 15
23 S 7 14 16
4 6 13 20 22
10 12 19 21 3
11 18 25 2 9

>>

4 Start

uOttawa
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Command Window

Prompt >> appears and Matlab
command can be entered.

Press <ENTER> to execute the
Matlab command and next
prompt >> appears.

If a command is terminated with
a semicolon (; ), no results will
be displayed.

Otherwise results will be
displayed before next prompt
appears.

uOttawa

EeRAE

Desktop B M

-‘L Command Window

File  Edit
0 Mew to MATLAB? Watch this Video, see D¢ X

Debug

=x 8=3

OVR

- S K p—— — T
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Command History &

« Command History Command History w02 x
store the commands | ~HMAXITER3=2000; %
d . I ----- LLPHA=0.01;
entered previously.  mETe0.5;
* Provide an easy | st
* ----- TOL=0.000001;
way to repeat a ----- NTTOL=0.000001;
command later on. L Peisl
; ? ..... i=D;
% ----- ¥x=onesz(n,1);
< >
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Current Directory

==

‘Current Directory + 0O 2

Show all the folders @ = @ | & -
and files in the _PllFiles 4 Type
- matlahf File Folder
current directory = S
sedumi File Folder
sets File Folder
structures File Folder
) Contents.m bd-file
2] COPYING tut Text Docum
) cve_setup.m bd-file
= ovx_usrguide. pdf Adabe Acrol
) cve_version.m bd-file
=] GPL. txt Text Docum
) Metwork Rate Optimization.m bd-file o
] README txt Text Docum
£ | 1l
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Workspace

« The Workspace browser J ET @ gn S | B | B - | stack bose

shows the name ofeach |, T G
Variable, its Value, and ML a0 N0 a0
the Min and Max MTTOL 1.0000e-05 100... 1.00..
calculations ToL 1.0000e-05 100 0D

. The MATLAB | ’ co
workspace consists of
the set of variables
(named arrays) built up
duringa MATLAB
session
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Matlab Symbols

>> Command prompt

... Continue statement in next line

« , Separate statements and data, e.g.,
A =[5.92, 8.13, 3.53]

* 0 Start comment which ends at the end of line, e.g.,
% The purpose of this routine is to compute
% the value of ...

« ; Suppress output or used as row separator in a matrix

« : Specify a range and generates a sequence of numbers that you can
use in creating or indexing into arrays. For example, N = 6:17.

ELG3125 Signal and System Analysis Fall 2011

[ u Ottawa School of Electrical Engineering and Computer Science

— (EECS)



MATLab Variables &

Variable name

 CASE SENSITIVE. e.g., x and X are two
different variables

 up to 63 characters (as of MATLAB 6.5 and
newer)

« must start with a letter and can be followed by

letters, digits, or underscores. e.g.,x3 2, but 2_x3
IS not correct.
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MATLab Variables &

e Variables are stored in Matlab in the form of
matrices

which are generally of size MxN.

» Elements of matrix can be real or complex
numbers.

e A scalaris a 1x1 matrix.
e A row vector is a 1xN matrix.
e A column vector Is a Mx1 matrix.
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MATLab Variables

Special variables

ans Default variable name for results
pi Valueofn
eps Smallest incremental number

Inf Infinity
NaN Not a number e.g. 0/0
| and | | = J =square root of -1

realmin  The smallest usable positive real number
realmax The largest usable positive real number
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Scalars examples

» Real numbers
« Complex numbers

4 Conmarsvnson I |t

File  Edit Debug Desktop Window Help o
o Mew to MATLAE? Watch this Video, see Demaos, or read Getting StaX
=x a=3
a =
3
== b=1+21
b= -
1.0000 + 2Z.00001
> c=1+27
o o=
1.0000 + 2Z.00001
i i E|

uOttawa

OVR

ELG3125 Signal and System Analysis Fall 2011
School of Electrical Engineering and Computer Science
(EECS)

r

N\



J Command Window

VECtorS examples File Edit Debug Deskiop ‘Window Help

== =x=[1 2 3]

 Row vector
x=[12 3]

e Column vector
x=[1;2;3]

e ELG3125 Signal and System Analysis Fall 2011
m u Ottawa School of Electrical Engineering and Computer Science
(EECS)



Matrix example

) Command Window
File Edit Debug Desktop Window Help

Xx=[123;456;789]

>> x=[12 3;4 5 6;7 8 9]

« Matrix iIs input row by
row.

* Row elements are
separated by space or
comma

 Different rows are
separated by semicolon.
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Zero matrix

o >> x=zeros(3)

o X =
0O 0 O
0O 0 O
0O 0 O

.

« >>x=zeros(2,3)

OX:

0 0 O
0 0 O

ELG3125 Signal and System Analysis Fall 2011
School of Electrical Engineering and Computer Science
(EECS)



One Matrix

o >>Xx=0nes(3)

X =
1 1 1
1 1 1
1o dits \1

.

>> x=0nes(4,3)

X =

e SN SN
e N
e N
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Identity Matrix (Unit Matrix) &

>> x=eye(3) >> y=eye(5)
X = Y=
1 0 0 O O
1 0 O O 1 0 0 O
0O 1 0 O 0 1 0 O
o o\l 0 0 0 1 O
O 0 0 O 1
o Ot L7128 S System pnaiye o 2011

(EECS)



Matrix Operation

>> A=[10 20 30;11 21 31]

>> a2=A(:,2)
A= a2 =
10 20 30
11 21 31 gcl)
>>a=A(1.2) >> A1=A(1:2,1:2)
°T Al =
20 10 20
>>al=A(1,)) 12l
al =
10 20 30
o Dt (ELe3125 Sinatand System praiyse Fol 2011
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Arithmetic Operator &

Matrix Operation: A=[10 20 30;11 21 31]
+ Addition B=[11;11;11]

- Subtr-act_lon_ o> A*B

* Multiplication

/ Right division ans =

\ Left division

A Power 60 60

, . 63 63

Conjugate transpose
u Ottawa Schifiﬁf?eigizzl Eggi(r?g;?n:; Qr?glézi;pgigrzsoclielnce
EECS



Arithmetic Operator &

Element-by-element operations.  A—r10 20 30:11 21 31]

. * Multiplication C[111;111]
./ Right division
\ Left division >> AFC
. N Power
. ans =
. > Transpose (unconjugated)
10 20 30
11 21 31
K Ottawa (L3428 St v Sysom Anaiis ranaons
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Relational operators

o ==equal

« ~=not equal

« <Jess than

« <= less than or equal

« > greater than

« >=greater than or equal
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Flow control

If-elseif-else statements
switch-case statements
for loops

while loops
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Basic Math Functions &

o abs(x) absolute value

* exp(x) exponential

* sin(x),cos(x) sine, cosine

* log(x),log10(x) natural logarithm, common logarithm

o sqrt(x) square root

* sign(x) signum

« round(x),fix(x) round towards nearest integer,
round towards zero

« floor(x),ceil(x) round towards negative infinity,
round towards plus infinity

 size(x),length(x) size of array,

length of vector
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Two types of M-Files ”

M-files are used to execute a series of commands.
 Script: Running with No Input Arguments;
 Function: Running with Input Arguments;

v'Both have a .m extension.
v Created in Editor Window.
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Creating a New Script M-File

~

N

- - MATLAE 7.8.0 (
* CIICk the NeW M-flle File Edit View Graphics Debug Parallel Desktop ‘Window  Help

button On the MATLAB S| #2292 e o B0 Current Directory:| ClUsers\PublictDocumentsla

Shortcuts [#] How to Add (2] What's Mew

deSktop tOOIbar; Current Directory = 0 & X | Command Window
. @ % | « matlabfiles » bragg v i oNewtn MATLAET Watch this Videa, see Den
 or SeIeCt Flle > NeW > [ Name « Date Modified
- ans =
- ) dtd.m 21/04/05 1:50 PM
M Flle from the ) dtdt.m 21/04/05 2:01 PM 1 1 o

MATLAB deSktOp_ :ﬂ :Etcdmm 02/06/11 9:42 PM

15/04/05 1:44 PM

=> zlze(a)

| Readmetut 21704405 2214 PM
|=| testasv 02/06/11 10:12 PM ans =
) test.m 02/06/11 10:15 PM
ﬂ tmmcalc.m 15/04/05 122 PM 1 3
*> lengthia)
ans =
CAIL IVI& L&D LERH | B ) 3 J
= a=[ar 2 3 4]
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Open an Existing M-File

. The * after the filename indicates the file has Set the right-hand text limit (red ling)
FI |e>Open not been saved since it was last modified. using Preferences -> Display.
& D:Amymfiles\collatz.m* M| =] B3
File Edt Text Go Cell Tools Debug Desktop Window Help | Rl
Toolbar for oa d‘ e A Iél“ " ff—‘.lElv@@ 8 | e > 2|0 =]
call —"_%7\1,|-|1.0 S m xl%‘ag%%|0v
foatures. 1 function sequence=collatzin) -~
2 % Collatz problem. Generate a sequence of integers resolving to 1
3 % For any positive integer, n:
Set 4 % Divide n by 2 if n is even
brgakpoimsin__s_ % Multiply n by 3 and add 1 if n is odd
the alley. () % Repeat for the result
7 % Continue until the result is 1
8
9 — sequence = n;
Colors iU — next _walue = n;
highlight 11 - while next value > 1 i
syntax 12 if rem(next walue,Z)==0
alements. 13 = next _wvalue = next walue/Z;
14 - else _'_I

| collatz [in s | co 12 [0vR)

Status bar information includes cursor ling and column numbers.
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Example of a Script M-File &

a=pi/3; %60 degrees
X=sin(a);

b=pi/4; %90 degrees
y=cos(b);

C=X*y

0.6124
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Example of a function M-File

ERS - tin... E[E))

File Edit Text Go Cell Tools Debug Desktop » ’5‘|?' X ebug » g(a X
NEdd R0 |2 -Aeasil- - 70O » v
D3 B | - % .5 | @ :
: 1.0 + = |11 L

g 53 | | | o8t o2t | @, Dx’%?f%%!ov
1 function [ ocutput ] = Untitled3{ input | ' []
2 $UNTITLED3 Summary of this function goes here e (&)
3 % Detailed explanation goes here
4
5 rees
b end
T
2

< Untitled? = | Untitled3* =

Untitled3 Ln 1 Caol 40 OVR Col 1 | OVR

e ELG3125 Signal and System Analysis Fall 2011
m u Ottawa School of Electrical Engineering and Computer Science

(EECS)



MATLab Graphing &

« plot Plot in linear coordinates as a continuous function
« stem Plot in linear coordinates as discrete samples
 loglog Logarithmic x and y axes

» semilogx Linear y and logarithmic x axes

» semilogy Linear x and logarithmic y axes

 xlabel Label x-axis

* ylabel Label y-axis

« title Put a title on the plot
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MATLab Graphing (cont.) &

« grid Add a grid to the plot

» text Allow placing text at specified coordinates of the plot
» axis Control axis scaling and appearance

« figure Create a figure for plotting

 hold Hold current graph

* subplot Divide figure window and select figure position
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Plot

X = 0:pi/10:6*pi;
y = €os(X);
plot(x,y)
xlabel("x(radium)")
ylabel('Sine of x')

title('Plot of the Sine
Function’)

Sine of x

Plot of the Sine Function

0.6 -

0.4

0.2

-0.2 -

0.4+

-0.6 |-

-0.8~

r r r r r r r r r
0 2 4 6 8 10 12 14 16 18
x(radium)

uOttawa
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Usage of hold

x=0:p1/100:2*pi,
y1=sin(x);
y2=sin(X+pi/2);
plot(x,y1,’b’);
hold on;
plot(x,y2,’g’),grid

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

uOttawa
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Usage of subplot

x=0:pi/10:2*pi; 0:
y1=sin(x); .
y2=sin(x+pi/3);
subplot(2,1,1); 1 : : : : : : :
plot(x,y1),grid;
subplot(2,1,2); I
0.5
plot(x,y2),grid; 0
-0.5
0 1 2 3 4 5 6 7
o et (LEL57125 Sanalend system ety rol 2011
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Stem

yln] = e™

e N=0:10;

e y=exp(-n);

e stem(n,y),grid;

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
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How to get help?

»» help plot
FLOT Linear plot.

PLOT(X,¥) plots wvector ¥ wersus wvector X. If X or ¥ 1z a mwatrix, \
then the wvector is plotted wersus the rows or columns of the matrix,
whichever line up. If ¥ i3 a scalar and ¥ is a wvector, disconnected
[ hEI p line objects are created and plotted as discrete points vertically at
Z.

D- I h I t t PLOT(¥) lots th 1 £ thei index.
ISp ay e p eX I£f T i= inzp?ex,EPE;TTg?siz equ::;?:it tsl;L;2[§Zal[YJ,imag[Y]].
In Command Window.

In all other uses of PLOT, the iwaginary part is ilgnored.

Various line types, plot svichols and colors mway be chtained with
PLOT(X,Y,3) where 3 iz a character string made from one element

e g frow any or all the following 3 columns:
v A
2] blue E point 22 solid
>> he I I t g green o circle : dotted
p p O r red X x—mark it dashdot
I cyan + plus = dashed
m magenta * star [none) no line
il vellaw = Square
k hlack d dizsteond
w white it triangle [down)
& triangle [(up)
< triangle [lefrt)
= triangle [(right])
bl pPEnLagr &
h hexagram
For examwple, PLOT(X,¥,'"s+:') plots a cyan dotted line with a plus
at each data point; PLOTI(X,¥,'bd') plots blue diawond at each data
A e L A M A A T8 B2 I
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Exercise

v Set up matrix A of 4x5,matrix B of 5x3;
do multiplication C=A*B with comma and without comma behind.

v Set up two matrices of 4x3,

do multiplication, addition, subtraction with element-by-element
operaton;

v' Plot x=sin(x)+cos(x+pi/3)
specify the range of x with colon.
the plot needs x label, y label, title, green color, grid.
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Enjoy signals......
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