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INTRODUCTION

This document is an introduction to MATLAB, scientific computing software. Its objective is to prepare the
student for practical work in Automatic Control, Mechanics and Numerical Analysis in which this tool is inten-
sively used for the application and simulation of the theoretical principles presented in class. In addition, this
manual offers the opportunity for the student to train in widely used professional software.

Cleve Moler, then a professor of computer science at the University of New Mexico, created MATLAB in the
1970s to help his students. It was engineer Jack little who identified the commercial potential of MATLAB in
1983. C. Moler, J. little, and Steve Bangart created MathWorks in 1984 and rewrote MATLAB in C.
MATLAB allows interactive work either in command mode or in programming mode; While still having the pos-
sibility of making graphic visualizations. Considered one of the best programming languages (C or FORTRAN),

MATLAB has the particularities following with respect to these languages:
¢ Easy-to-learn programming.
¢ Seamless handling of integer, real, and complex values.
¢ Support for a wide range of numbers with high precision.
4 A comprehensive mathematical library.
¢ The graphical tool which includes graphical interface functions and utilities,
¢ The possibility of linking with other classic programming languages (C or FORTRAN).

The best way to learn how to use this software is to use it yourself, by experimenting, making mistakes and
trying to understand the error messages that will be returned to you. These messages are in English! This
document is intended to help you for some first steps with MATLAB.

MATLAB is a powerful tool widely used in various industries and fields for numerical computations, data
analysis, modeling, and simulation. Some real applications of MATLAB include:

1. Engineering: MATLAB is extensively used in engineering for tasks such as signal processing, image processing,

control system design, and computational fluid dynamics.
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2. Finance: In finance, MATLAB is employed for risk management, portfolio optimization, financial modeling,
and trading strategy development.

3. Biomedical Research: MATLAB is vital in biomedical research for tasks like medical image analysis, bioin-
formatics, and physiological modeling.

4. Aerospace: MATLAB is utilized in the aerospace industry for aircraft design, trajectory analysis, and satellite
communication systems.

5. Education: MATLAB is commonly used in educational institutions for teaching mathematical concepts,

numerical methods, and scientific computing.
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Chapter 1

Getting Started

1.1 MATLAB environment

MATLABMATLARB stands for MATrix LABoratory, a platform designed for matrix manipulation. MATLAB
is a scientific computing language based on the type of matrix variable (i.e. the type of basic data at the
MATLAB level is the matrix), for numerical calculation and graphic visualization in 2D or 3D. It has a specific
syntax with its specialized functions. It contains libraries specialized tools (toolbox) which meet specific needs:

digital analysis, signal processing, image processing, automation, etc.

1.1.1 The MATLAB software structure

workspace or
command window
{>>):prompt

/- >

Drawing figures
File type: (*.fig)

The script editor
File type:(*.m)

The guide to
programming GUls
File type:(*.fig.*.m)

SIMULINK for real-time
simulation
File type: (*.mdl)
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Current directory

Opening a new .m file Opening simulink
% ’
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1.1.2 Mode of operation
There are two operating modes:

e Interactive mode: MATLAB executes instructions as they are given by the user. I.e. directly from the
keyboard from the command window.

e Executive mode: MATLAB executes an M file (program in MATLAB language) line by line. i.e. in
the form of sequences of expressions or scripts recorded in text files called m-files and executed from the

command window.
1.2 Interface MATLAB

The MATLAB user interface may vary slightly depending on the MATLAB version and type of machine used.

It typically consists of three main windows: The upper left window therefore displays Workspace. Below is the

current directory and the Command History.
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Contents of the

working directory input box workspace

i =0 7 ]
JE9 Select daa to plot

lame

Command History

Figure 1.1: Interface MATLAB

Finally, on the right, there is the Command Window. To ”close” an interface window, simply click on the
button representing an arrow in the upper right corner of each window.
The interface also has menu bars.

The commands available in the menus are:

% Edit Clear Command Window Clear instructions or results can be seen in the Command Window.

% Edit Clear Command History Cancel previously recorded commands.

% Edit Clear Command Workspace Erases stored variables from memory.

% View Controls the visual aspects of different windows.

The status bar also contains buttons that allow you to easily add, modify or remove acknowledgment requests
and comments.

The Current Directory can be determined by this bar without having to go through the window of the same
name.

By clicking slipping the horizontal and vertical bars separating the different windows of interface, it is possible

to extend or to make look smaller these windows.

1.2.1 Command Window

One of the most important windows of MATLAB, Command Window treats given instructions. It is after

invitation (’prompt ’) >> that it is necessary to enter asked instructions. Results will be displayed from the
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return of line. You can avoid retaking an instruction by hitting the up arrow (”), which will display the previous

Sow Con e 0 ©- | -

B B S geen > @ B2 W B BBPS & ® (@8
[ New  New Open &3 Findfiles | Import = Swe  Clean T | Fwoites  Clr | Smuink | Lyout SetPath Add-Ons Prefeences | Help
Script Live Script - Data  Warkspace Data [ ClearWorkspace ~ = Commands + - = ~  [B] Leam MATLAS

e

QB T3/ > maTLAB Orive
Fies

vame + ¥ S

5 nevtsgpartesm
B 1a62png

& a2png

 Larpng » b3
@ iy
B L2png
& Lipng i -3

- Workspace »
Name. £ ¥alue iShe. Class
=R 7 1 doudle
mEe 3 1« doudle

il

Figure 1.2: Interface Command Window

instruction. Continue to weigh until the desired instruction.
It is easy to observe on the image the instructions given as well as the answers obtained:

Display Instructions

HOME Search (Clrl+Shift-Space) aQ 9 - | v Hiza v

% B PO gl B @I G BE S & & |@5mm

. Open Variable + 5 Request Support

Mew  Mew  Mew Open (30 Findfiles | Import  Save  Clean Favorites Clear Simulink ~ Layout SetPath Add-Ons Preferences | Help
Script Live Seript - Data ‘Warkspace Data G ClearWarkspace  ~ - Commands ~ - = v [Bl Learn MATLAB
FILE “WARIABLE CODE SIMULINE EMYIRONMENT RESOURCES

A 031 5> MATLAB Drive

- Files
Hame ~ & 55555 =
urtitledrs.prg
ans =
untitlednd.png
untitledn3.png 14
Y titlecn2,
i S U > x1=2%a+6
urttitled 1n.prg
[Z urtitledm xl =
D trapeze.m 20
[Z) simpson.m .
- Warkspace 1| 2tass
iiName iiValue iiSize iiClass A
=N 7 131 double
[H an: -7 1s1 double 12
me -3 151 double I
==Ll 20 151 double
ans =
-21
i

1.2.2 Boutton Start

The Start button is a tool to quickly open certain MATLAB functions. For more information, see its topic in

MATLAB Help.

1.2.3 Workspace

The Workspace window allows you to view stored variables. It contains their name, dimensions and the type

of variable. Since Matlab is based on matrices, all the variables are made up of several dimensions: a scalar
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is a 1 1 matrix and a vector is a 1 n or n 1 matrix, etc. It is possible to delete some variables as well as to

edit them. To clear them all, use the Clear Workspace command in the Edit menu. By double-clicking on a

Woarkspace
$Name i Value iSize HiClass
[ = 7 11 double
|£ aks 14 1x1 double
[ b -3 131 double

Figure 1.3: Interface Workspace

variable, the Array Editor window appears. This window contains the values of the variables and allows you to
modify them. In the following example, the initial variable is a 1 1 matrix. By adding values in the adjacent

boxes, the matrix was transformed to 5 3 dimensions.

1.2.4 Current Directory

The Current Directory is the common directory where files are recorded. It is hard recommended to create a
directory other than that provides by Matlab to manage better files contained indoors. Although you will learn
it in the course of educational software program, some general principles in comparison with Current Directory
are necessary:

To compile an M-file, it must be saved in the Current Directory. If an M-file calls a function other than a
Matlab function (i.e. a function created by the user), the M-file calling the function and the M-file defining the

function must be in the same current directory.
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'E' Files
Hame = Size Date Modified Type &
Eﬁ,ﬁ ] coef lagrange.m 1KB 1441142023 10615 Function
2 coef_newtan.m 1kB 14/11/2023 10:20 Function
H; coelagrange.m 1K 14/11/2023 10:06 Function (i)
o dicho.m 2 KB 14/11/2023 09:54 Function
dichoto.tm 1KB 141172023 10017 Script
| dichotormie.m 2KB 0171142024 12:23 Function
dichotomiel.m 2KB 141172023 09:45 Function
euler.m TKB 07/11/2023 19:23 Script
ex2.m 1kKB 21/11/2023 10:49 Script
exd.m 2KB 21/11/2023 1044 Script
exd.m 2 KB 21/11/2023 10:36 Script
Zl explim 1kB 15/11/2024 1006 Script
D inter_newton.m 1KB 15/11/2024 10:06 Function
L1.png 12 KB 1451172023 18:22 PRG File
L2.png 10 KB 14/11/2023 18:22 PMG File
@ L1 fig SO KB 1451172023 1048 Figure
LAl.png 11 KB 141172023 10:52 BMG File
-
,_|

Figure 1.4: Interface Current Directory

1.2.5 Command History

Command History inscribes orders as they are appelles in Command Window. It keeps these orders in memory,

as well as the date and the opening time of each of the sessions of Matlab.

ommand Histaory :
|Search Q|
Trapeze Z
a

¥-- 12/11/2024 13:14 --%
rangkutta

%-- 14/11/2@024 16:53 --%
a=7

b=-3

%-- 1af11/2@024 17:17 --%
a=7

H1=2%3+5
2*3+5
a*h
%-- 1471172824 17:38 --%
a=7
=-3
2*a

%-- 14/11/2024 17:53 --%

Figure 1.5: Interface Command History
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Editor/Debugger

To process M-files, you must use the Matlab editor/debugger. This window is not part of the basic Matlab

interface and opens when you open an M-file or when you create a new M-file.

> &

wn St

Figure 1.6: Interface Editor/Debugger

On the bar of buttons, a button is essential: the button RUN compiles program, i.e. carry out the orders of

program. He can also be carried out with F5.

The M-files

In order to avoid having to retype a series of commands, it is possible to create a MATLAB program, known
as an M-file (M-file), the name coming from the ending .m of these files. Using the MATLAB editor, create a
text file that contains a series of MATLAB commands. To create an M-file, go to the File New M-File menu
or click the blank button. Recording is normally done in the current directory. Once the file has been saved
(under the filename.m for example), it is necessary to call it in MATLAB using the command:

>>filename

The commands stored there will then be executed and the results displayed in the Command Window. If you
need to make a change to your series of commands, just edit the line of the M-file in question and run the M-file
by entering the file name in MATLAB again. Other ways to run the M-file is to click the Run button, or go
to the Debug Run menu in the Editor/Debugger, or press F5. M-files save you from having to retype a series
of repeated commands and allow you to preserve your instructions, commands and calculations thanks to the

recording. This is the recommended procdure for your labs.
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The ”;” and the ”--.”

The semicolon at the end of a line tells MATLAB not to return the result of the operation to the screen. A
common practice is to put ; at the end of all the lines and remove some of them when something goes wrong in
our program, in order to see what happens.

In the editor/debugger as in the command window, the use of ... is useful to continue on the line below the

current instruction.

»» B = pi * 302

28.2743

»» B = pi * 3025
3> A=1+2+3+4+5+E6+F+E+T

W
as

> A=1l+2+3+4+5 ...
AR AR #09:

A=

45

1.2.6 Simulink

Simulink: This is the MATLAB graphics extension for working with block diagrams. SIMULINK is a tool for
modeling, analysis and simulation of a wide variety of of physical and mathematical systems, including those
with non-linear elements and those that use time continuous and discreet.

As an extension of MATLAB, SIMULINK adds many system-specific functions dynamic while retaining Matlab
functionalities.

After starting MATLAB, there are three ways to start Simulink. You can click on the icon Simulink E in

the MATLAB toolbar or specify an existing Simulink file.

click on this icon to launch
Simulink

J MATLAB Command Window

Eile Edit window Help

sE R T

5 HE

=l v

Figure 1.7: Icon to launch simulink
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SIMULINK functions are grouped by type. The following window containing the libraries of simulink, appears

as well as a working window.

& Librawy: simulink Simulink libraries

File  Edit VMiew Smulsicn Foma  Tool:

nf Py
i‘j‘i %Jﬁ_ _|ILL"" / 'f\ﬁ In1 Ot e
4 i) \ Working window
Sources Sinks Dizcr=te Linear Hanline ar Conn actions

Blopis ek & Simulink Block Library 2.2 S
Toolboxes CopyTi ght[=) 1@90-1298 by The Matiwions, Inc

[=100] =]
Fle Edt Yew Simulshon Format Tooks
R EEREEEERR
Heady odeds o

Figure 1.8: Simulink libraries and Working window

Building a model in the working window:

Method of placing a component we select a Simulink library, then double-click to open it (for example, the
"Linear’ library) on select a component (Sum example): we maintain pressing the left button the mouse is
dragged the item in the window work, release the button. Exercise: build the environment described in the

following figure, indicate above each element, the original library.

= Libwary: simudink/Li... =1 B2

Fie Edt Wiow Simulabon
Fomal  "ocls

P

Gain sum
Tl
w1
Intepeator Trarstar Fon
“zastBul | D
W= GDu et}
SlaleGpass  Zme:Pols

B E unlitled M=l 3
Dervitive pg) Proguet F= Edil Ves Siulbon Fomal Tods
’E| . D 2Rlel &me <l v]=|
Watiz Sliter
Bain [T n

+ F

Jurn

Heady | [adeds o

Figure 1.9: Building a model in the working window
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lE: untitled Hi=]1E i

Fie Edit View Simulation Fomat Tools
D| S|&[&] &= 2= »]=]
Sources Linear Connechions Sinks
A
ﬁU} )D} ) M [ {1
Sine Wave Gain o Seope
Chip Signal
Ready | | | odeds | .~
Figure 1.10: Building a model in the working window

Making connections

Method :

We select with the mouse, the symbol ; located on a component We keep the button pressed and pull the link

to a symbol j You can release the button to change the direction.

We check that the connection is correct by makes the arrow accentuated.

= untitlied [_TO[ %]
_EﬂE Edit View Simulaton Formal Tgols
D s 8| 0[] 20 »]=]
Sources Linear Connections Sinks
{\U DD I_.F hal _I'.‘I:|
Sine Wave Gain ) Mus Scope
Chirp Signal
Ready | | [oded5 o

Figure 1.11: Making connections:Method 1
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Component configuration:

Method :
Double-click on the 'Mux’ component, window settings window opens, We type the desired values: here the

value 2 to indicate 2 inputs, We close this window with Close, the new values are taken into account account.

Elock Farameters: buy

—Mux
Combine ccalar or vector signals into larger veclors.
— Parameters
MNumber of inputs:
2
Al Reverl Help | £ Eiose” ]

Figure 1.12: Making connections:Method 2

Designation of components

Each component has a default name example Gain, we can modify this name.
Method :
Click on the name

We type a new name

Signal return and recovery:

In order not to overload the drawing, we can use 2 components located in the connections library which enable

wireless transition. These 2 components are called GOTO and FROM

Personalization from the working window:

It is possible to resize each component we select it, we enter a handle, we stretch or we decrease. In the Window

Format menu we have other commands (you must first select a component).

e Font: allows you to choose the type of characters.

e Flip name: place the name above /below

e Hide name: to hide name
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14
¥ untitied _ [Of =]
Fl= Edt Yiew Simulaton Fomat Took
INEEEEEEEEERE
Soures Line ar Connections Sirks
™ _ll;;‘m_ b - <5in.::hiru>,...|:|
i rL/" zin t2in, ehimp
Sine Wave Zain r W gLl
M'm =E G ata
Chirp Signal
4] Signause
From To Wohspace :I
Headv | | |UE|E>45 &

Figure 1.13: Signal return and recovery

[2® untitled M= E3
File Edit View Simulation Format Tools
Dl sl@&] 1= [e] o] » s
Sources Linear
Conne ctions Sinks
I\
\V P P P N T
signal %
sinusoidal Amplification Scope
ol
/“WI = [sagnaux]
Chirp
I VErs
[sigmaus] slgnaux
. de wers matlab
Aeady | |oded5 7

Figure 1.14: Customizing the working window

e Flip block: to flip the block

Rotate block: to turn it 90°

e Foreground color: to select one color for text

Background color: select a color for the block

You can also personalize the links or connections:
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File Edit View Simulation EEJEE Tools
| | I | - Font...
‘ El ﬁ n Q x Ii Flip Name
Sources Limaz HH" Name
Flip Block Chil+F nle
™ o5 Aotate Block Cii+R
A/ i Show Drop Shadow —/
signal i ]
sinusoidal Amplifica | SUOWIECTASSGE Scope
Foreground Color »
/W‘h i Background Color > [signau
A Screen Color (3
Chirp
T L] Sample Time Colors b
lsignawd >> Wide Wector Lines
e " Line Widths
| | (oded5 /

Figure 1.15: The Format menu

e Wide Vector Lines allows you to size the thickness of the links depending on the number of signals,

e Line Width allows you to obtain an indication of the number of signals on links Ctrl D allows you to

update all this in case of modification.

¥ untathed [_ (O] x|
Eie Edt View Simulstion Fomat Toos

Dl zl@la| ¢|blaf o) v«

Eources Linea

Connaslices Sinks

wgnal
sinusnid sl Amplification L Soope

Aeady [ | odeds -

Modifications :

Editing Components

We can :

v/ Add a component at any time,

v/ Delete a component by selecting it and key Delete,
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v/ Modify the position of a component by selecting it and holding the left mouse button pressed and moved.

v/ Duplicate a component: select it, press the Ctrl key and drag the component.

You can go back from any operation using the Undo icon

Fie Edt Yiew Simdston Formaf Tgols

File Edt View Simuation Formal Tools

Dl slals| s[=e] gl 2= | ) simi@) sl o)

Sources Linear
Connsctions Sources Linear Conne i B10M/Pouse Simuaton

signal
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= - ]
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e Ready [ [ {odedS
Ready [ [odeds 7| \
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progress

Figure 1.16: Simulation workflow

Editing links:

Using the handles located on the link (once selected these appear), pressing the right mouse button adds a

new start, shift and left mouse button adds new ones direction change handles. The simulation uses a certain

(% untitled |- [O] %]
File Edt View Simulation Fomal Tools
| D| B(@IS| b[[e] 2] ]«

Souices Linear

Connections Sinis

New beginning

sinusoidal Amplificaion

New handle

= To Worspase =l
Rleady [ il |oded5 4

number of parameters: simulation menu — parameters start time (0 by default) stop time (set 20s) We will
study the other parameters later. Close which validates the modifications.

Launching the simulation

Simulation menu — start Or ctrl T Or icon > A ringtone indicates the end of the simulation. Exercise run the

simulation after opening the scope You can zoom in /out With the first 3 icons Adjust the axes with 4° Save
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-
¢ Simulabion paramelers unbitbed HE E

E&II Wuhml."ﬂl Eliumnﬁ:ll

Simudation lime
Slat bme: | 00 Stop bime: | 20.0
Salver options
Type [Vansblestep ¥|  [odedS (Dosmand-Pince) =
M step size: |euln Huhtivutuhml‘I&}
Imitind step sioe | 2ulo Mulﬂhmheﬂ
Dutput cptions
|Riefine output 4| Rlefine facier: [ 1
ppy | Feon | Hep | Close

data with 5° Adjust the scope with the 6° Print with latest

Time cftzet: 0

Link between simulink and MATLAB

For various operations, it is interesting to have the signals in the MATLAB or retrieve signals defined in

MATLAB.
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Sending signals to the MATLAB workspace

The To Workspace blocks from the Sinks library allow signals to be directed to the work environment. matlab

in the example treated so far this is carried out with the block named ”signals” on which arrives the tag of.

Recovery of signals from MATLAB

The From Workspace block of the Source library allows you to define signals in the Matlab environment and

use them in the Simulink environment.



Chapter 2

Numbers in Matlab

2.1 Use of Matlab in the manner of a scientific calculator

v

MATLAB uses conventional decimal notation, with an optional decimal point ’.” and the '+’ or sign for
signed numbers. Scientific notation uses the letter ’e’ to specify the scaling factor as a power of 10. Complex

numbers uses the characters i and j (interchangeably) to designate the imaginary part. The following table

gives a summary:

2.1.1 Variables and constants

Variable Meaning

ans the most recent answer
pi number pi

eps € ~ 21016

exp(1) e=2.7183...

inf plus infinity

-inf minus infinity

NaN Not-a-Number

2.1.2 Display controls

MATLAB always uses real numbers (double precision) to do calculations, which allows calculation precision of

up to 16 significant digits.

the type Examples

Integer 5 —83

Real in decimal notation 0.0205 3.1415926

Real in scientific notation 1.60210e — 20 6.02252¢23 (1.60210 x 10?%¢t6.02252 x 1023)
Complex 5437 —3.14159j
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But the following points should be noted:

» The result of a calculation operation is by default displayed with four digits after the comma.

» To display more numbers use the format long command (14 digits after the comma).

» To return to the default display, use the format short command.

» To display only 02 digits after the decimal point, use the format bank command.

» To display numbers as a ration, use the format rat command.

» The vpa function can be used to force the calculation to present more than significant decimals by

specifying the number of decimals desired.

>> 8/3

ans =

2.6667

>> format long
>>8/3

ans =
2.66666666666667
>> format bank
>>8/3

ans =

2.67

>> format short
>>8/3

ans =

2.6667

>>7.2x%3.1
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ans =
22.3200

>> format rat

>>72%3.1

ans =

558/25

>> 2.6667

ans =

26667/10000

>> sqrt(2)

ans =

1.4142

>> vpa(sqrt(2),50)

ans =

1.4142135623730950488016887242096980785696718753769

MATLAB offers many commands for user interaction. We Let’s content ourselves with a small set for the

moment, and we will expose the others as we go along. the progress of the course.

» who: Shows the name of the variables used

» whos: Shows information about the variables used

» clear x y: Remove x and y variables

» clear, clear all: Remove all variables

» clc: Clears the controls screen

» exit, quit: Close the MATLAB environment
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2.1.3 Mathematical operators

Operation Meaning
+ addition
- substraction
* multiplication
/ division
A power

2.1.4 The precedence of operations in an expression

Operation Priority (1=max, 4=min)
Parentheses (and) 4
The power and the transpose * and ’ 3
Multiplication and division * and / 2
Addition and subtraction + and - 1

For example 5+ 2% 3 =11 and 2% 3"2 =18
Exercise : Create a variable n and give it the value 2, then write the following expressions:

o3n3 — 2n2 + 4n
e1-1—71,
*«——
1—+v2n
o |asin(2 % n)|
In(n)
® o3

Solution : >>n = 2;
>>3%n3 —2xn?+4xn;

>> exp(1+n)/(1 — sqrt(2 % n));
>> abs(asin(2 xn));

>> log(n)/(2+n?) — 1;
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2.1.5 Mathematics functions

Among the frequently used functions, the following can be noted:

The function Meaning
sin(x) sinus (in radians)
cos(x) cosinus (in radians)
tan(x) tangent (in radians)
asin(x) sinus reverse (in radians)
acos(x) cosinus reverse (in radians)
atan(x) tangent reverse (in radians)
sqri(x) square root
abs(x) absolute value
exp(x) exponential
log(x) Natural logarithm
log10(x) decimal logarithm
round(x) rounding a number to the nearest integer
floor(x) rounding a number to the smallest integer
ceil(x rounding a number to the largest integer
ged(x,y) the GCD of x and y
lem(x,y) the PCCM of x and y
isprime(x) Test if the number x is prime or not (the result is of logical type)
factor(x) the divisors of x except 1 and itself

sign: will display the sign of a value.

y = sign(x)

0: if the corresponding element is equal to zero.

1: if the corresponding element is greater than zero.

-1: if the corresponding element is less than zero.

>> =4
>>m = —6;
>>n=0;
>> sign(l)
ans =1

>> sign(m)
ans = —1
>> sign(n)

ans =0
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2.1.6 Calculation on complex numbers

In MATLAB, i and j represent the basic imaginary unit. You can use them to create complex numbers such as
6i+9. You can also determine the real and imaginary parts of complex numbers and compute other common

values such as phase and angle.

Functions:
The function Meaning

i pure imagination
j pure imagination

conj(X) conjugate of the complex number X

real(X) real part

imag(X) imaginary part

abs(X) module

angle(X) argument (in radians)
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Vectors and Matrices

3.1 Vectors

MATLAB was originally designed to enable mathematicians, scientists and engineers to easily use the mech-
anisms of linear algebra. By Therefore, the use of vectors and matrices is very intuitive and convenient in

MATLAB.
Definition 3.1.1: Vector j

vector is an ordered list of elements. If the elements are arranged horizontally we say that the vector is
a line vector, on the other hand if the elements are arranged vertically we say that it is a column vector.

To create a line vector, simply write the list of its components in square brackets [and] and separate them with

spaces or commas as follows:

Example 3.1.1. >> K =[5,2,13, —6] % Creation of a line vector K
K =

5 2 13 —6

>>L=[4 —2 1] % Creation of a line vector L

L =

4 -2 1

To create a column vector it is possible to use one of the following methods:

e write the components of the vector in square brackets [ and | and separate them by semicolons (;) as
follows:

>> L= [4;-2;1] % Creating a column vector L
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e Write the vector vertically:
>>L =]
4

-2

e Calculate the transpose of a line vector:

If the components of a vector X are ordered with consecutive values, we can denote it using the following

notation:

X = first-element : last-element ‘ (Brackets are optional in this case)

>>M=1:8
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1 2 3 45 6 7 8

>> M =11:8§]

M =

1 23 45 6 7 8

If the components of a vector step (increment/decrement) different from 1, we can specify the step with the

notation:

‘ X = first element: step: last element ‘ (Brackets are optional)

>>N=1[0:2:10]

N =

0 2 4 6 8 10

>> N =[-4:2:0]

N =

-4 -2 0 2 4 6

>>N=0:02:1

N =

0 0.2000 0.4000 0.6000 0.8000 1.0000
We can write more complex expressions like:

>>FE=[1:2:5-2:2:1]

>> R =1T,4,5,6]
R:

1 2 3 4 5 6
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3.1.1 Referencing and accessing elements of a vector

Access to the elements of a vector is done using the following general syntax:

name vector(positions)

Vv Parentheses (and ) are used for consultation. The square brackets | and | are used only during creation.

¥ positions: can be a simple number, or a list of number (a vector of positions)

>>1=[5-1,13,-6,7] % creation of the vector I which contains 5 elements
I =

5 —1 13 -6 7

>> 1(3) % 37 position

ans =

13

>>1(2:4) % from second position to fourth

ans =

-1 13 -6

>>T(4:-2:1) % from the 4*" position to the 1% with step = -2
ans =

-6 -1

>> I(3: end) % from the 3"¢ position to the last

ans =

13 -6 7

>> I([1,3,4]) the 1%, the 3"% and the 4*" position only

ans =

>>I(1)=8 % give the value 8 to the first element
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>> I(6) = —3 % add a sixth element with value -3
I =
8§ -1 13 -6 7 =3

>>1(9)=5 % add a ninth element with value 5

§ -1 13 -6 7 =3 0 0 5

>>1(2) =] ] % Delete the second element

8§ 13 -6 7 -3 0 0 5

>>I1(3:5)=] | % Delete from 37 to 5" element
I =
8 13 0 0 5

3.1.2 Element-by-element operations for vectors

With two vectors ?and ?, it is possible to perform element-by-element calculations in using the following
operations:
% Addition of vectors (+)
>>p=[-2,6,1];
>>s=[3,-1,4]; >>p+2

ans =

>>p+s

ans =

% Subtraction of vectors (—)
>>p—2
ans =

-4 4 -1
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>>p—3s
ans =

-5 7 =3

Element-by-element multiplication (.x)
>>px2

ans =

-4 12 2

>>p.ox 2

ans =

-4 12 2

>>p.kxS

ans =

-6 -6 4

Division element by element (./)
>>p/2

ans =

—1.0000 3.0000 0.5000
>>p./2

ans = —1.0000 3.0000 0.5000
>>p./s

ans =

—0.6667 —6.0000 0.2500

Element-by-element power(.A)
>>p./\2
ans =

4 36 1
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>>pls
ans =

—8.0000 0.1667 1.0000

3.1.3 The linspace function

The creation of a vector whose components are ordered by regular interval and with a well

determined number of elements can be achieved with the function:

‘hnspace (beginning, end, number of elements) ‘

The increment step is automatically calculated by MATLAB according to the formula:

end — beginning

step = number of elements — 1
>> G = linspace(1,10,4) % a vector of four elements from 1 to 10
G =
1 4 7 10
>> z = linspace(13,40,4) % a vector of four elements from 13 to 40
7=

13 22 31 40

The size of a vector (the number of its components) can be obtained with the length function
as follows:

>> length(G) % the size of the vector

ans =

3.2 The matrices

A matrix is a rectangular array of (two-dimensional) elements. Vectors are matrices with a single row or a

single column (one-dimensional). To insert a matrix, you must respect the following rules:
e Elements must be enclosed in square brackets [and]

e Spaces or commas are used to separate elements in the same line
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e A semicolon (or the enter key) is used to separate lines

To illustrate this, considering the following matrix:

1 2 3 4
5 6 7 8
9 10 11 12

Cette matrice pout tre crite en MATLAB avec une des syntaxes suivantes :
>>D=11,2,3,4;5,6,7,8;9,10,11,12];

>D=[1 2 3 45 6 7 &9 10 11 12

>>D=11,2,3,4

5,6,7,8

9,10,11,12];

>> D = [[1;5;9],[2;6;10], [3; 7; 1], [4; 8; 12]];

The number of elements in each row (number of columns) must be the same in all rows of the matrix, otherwise
an error will be reported by MATLAB. For example :

>>Q=1[1 2;4 5 6]

Error using vertcat

CAT arguments dimensions are not consistent.

A matrix can be generated by vectors as shown in the following examples:

>>h=1:4 % creation of a vector h

h =

1 2 3 4

>> f=5:5:20 % creation of a vector f

f =

5 10 15 20

>>e=4:4:16 % creation of a vector e

e =

4 8 12 16

>> R =[h; f;€] % R is formed by the line vectors h, f and e

R =
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1 2 3 4

5 10 15 20

4 8 12 16
>>M=1[n f' €] % M is formed by the column vectors h, f and e
M =

1 5 4

2 10 8

3 15 12

4 20 16
>>Q = [h; h) % Q is formed by the same line vector h 2 times
Q =

1 2 3 4

1 2 3 4

3.2.1 Referencing and accessing elements of a matrix

Access to the elements of a matrix is done using the following general syntax: Access to the elements of a matrix

is done using the following general syntax:

‘ matrix name (row positions, column positions) ‘

e Positions: maybe a simple number, or a list of number (a vector of positions)
e Parentheses (and ) are used for reference). The square brackets [ and | are used only during creation.

It is useful to note the following possibilities:
> Access to an element of row i and column j is done by: W(i,j)
> Access to the entire line number i is done by: W(i,:)

» Access to the entire column number j is done by: W(:,j)

>>W =11,2,3,4;5,6,7,8;9,10,11,12] % creation of matrix W
W =

1 2 3 4

5 6 7 8

9 10 11 12
>> W(2,3) % the element on the 2"¢ row to the 3" column
ans =
7
>>W(1,:) % all elements of the 1% line

ans =
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1 2 3 4
>>W(:,2) % all elements of the 2"¢ column
ans =
2
6
10
>>W(2:3,:) % all elements of the 2"¢ and 3"? line
ans =
5 6 7 8
9 10 11 12
>>W(1:2,3:4) % The upper right submatrix of size 2 x 2
ans =
3 4
7 8
>> W([L,3],[2,4]) % the sub-matrix: rows (1,3) and columns (2,4)
ans =
2 4
10 12
>>W(:,3) =] % Remove third column
W =
1 2 4
5 6 8
9 10 12
>>W(2,:) =] %Delete second line
W =
1 2 4
9 10 12
>> W = [W,[0;0]] % Add a new column with W (:,4) = [0;0]
W =
1 2 4 0
9 10 12 0
>>W =[4;]1,1,1,1]] % Add a new line with W (3,:) = [1,1,1, 1]
W =
1 2 4 0
9 10 12 O
1 1 1 1
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The dimensions of a matrix can be acquired using the function size. However, with a matrix W of dimension
m X n the result of this function is a vector of two components, one for m and the other for n.

>> 4 = size(W)

1=

3 4

Here, the variable d contains the dimensions of the matrix A in the form of a vector. To obtain the dimensions
separately we can use the syntax:

>> s1 = size(W, 1) % s1 contains the number of lines (m)

sl =

>> 52 = size(W, 2) %s2 contains the number of column (n)

s2 =

3.2.2 Automatic generation of matrices

In MATLAB, there are functions that allow you to automatically generate particular matrices. In the following

table we present the most used ones:

The function Meaning
zeros(n) Generates an n X n matrix with all elements = 0
zeros(m,n) Generates an m x n matrix with all elements = 0
ones(n) Generates an n X n matrix with all elements = 1
ones(m,n) Generates a matrix m x n with all elements = 1
eye(n) Generates a dimension identity matrix n x n
magic(n) Generates a magic dimension matrix n x n
rand(m,n) Generates a matrix of dimension m x n of random values

3.2.3 Basic operations on matrices

The operation Meaning

+ Addition of vectors

- Subtraction of vectors
Element-by-element multiplication
Division element by element
Reverse division element by element

A Element-by-element power
* Matrix multiplication
/ Matrix division (A/B) = (Ax B~1)

The element-by-element operations on matrices are the same as those for vectors (the only condition necessary
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to do an element-by-element operation is that the two matrices have the same dimensions). On the other hand,
the multiplication or division of matrices requires some constraints (consult a course on algebra matrix for more
details).

>> H = ones(2,3)

H =
1 11
1 11

>> G = zeros(3,2)

G =
0 0

0 0

0 0
>>G=G+3
G =

3 3

3 3

3 3
>>HxG
ans =

9 9

9 9

>>G=[G,]3 3 3], orG:3)=[3 3 3

3 3 3
3 3 3
3 3 3

>>G=G(1:2), orG3,:)=]]
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G:

>>H. xG

ans —

3.2.4 Useful functions for processing matrices

Here are some of the most used functions regarding matrices:
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The function The usefulness
det Calculating the determinant of a matrix
inv Calculate the inverse of a matrix
rank Calculate the rank of a matrix
trace Calculate the trace of a matrix
eig Calculate eigenvalues
dot Calculate the dot product of 2 vectors
norm Calculate the norm of a vector
Cross Calculate the cross product of 2 vectors
diag Returns the diagonal of a matrix
diag(V) Creates a matrix having the vector V in the diagonal and 0 elsewhere
tril Returns the lower triangular part
triu Returns the upper triangular part
sum Sum of elements
prod Produces elements
mean Average value
fliplr Flip from left to right
flipud Flipping from top to bottom
rot90 Rotation at 90°
diff Approximation of the derivative
[U,D]=eig(A) eigenvectors and eigenvalues of A
eig(A) eigenvalues of A
expm(A) exponential of A
reshape(A,u,v) creates a matrix of size [u,v], from A

>> P =11,2;3,4];
>> det(P)

ans =

-2

>> inv(P)

ans =

—2.0000 1.0000

1.5000 — 0.5000
>> rank(P)

ans =

>> trace(P)

ans =

>> eig(P)
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ans =
—0.3723

5.3723

>> s =[-1,5,3];
>>p=[2,-2,1];
>> dot(s,p)

ans =

-9

>> norm(s)

ans =

3

>> cross(s,p)
ans =

-1 -7 8
>> diag(P)

ans =

>>r =[-5,1,3];
>> diag(r)
ans =

-5 0 0

>> K =[1,2,3:4,5,6;7,8,9]

K =
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>> tril(K)

ans —

>> tril (K, —1)

ans —

>> tril (K, —2)

ans =

>> triu(K)

ans =

>> triu(K, —1)

ans =
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>> triu(K, 1)

ans =

S>T=[125478528|;
>> sum(T)

ans =

10 11 21

>> prod(T)

ans =

20 28 320

>> mean(T)

ans =

3.3333 3.6667 7.0000
>> fliplr(T)

ans =

>> flipud(T)

ans —

>> rot90(T)

ans —
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Chapter 4

Programming elements

So far we have seen how to use MATLAB to execute commands or to evaluate expressions by writing them in
the line command (After the >> prompt), therefore the commands used are generally written in the form of
a single instruction (possibly on a single line). However, there are problems for which the description of their
solutions requires multiple instructions, which requires the use of multiple lines. For example, finding the roots
of a second degree equation (with taking into account all possible cases).

A collection of well-structured instructions aimed at solving a problem data is called a program. In this part of

the course, we will present the mechanisms for writing and executing programs in MATLAB.

4.1 Character strings

Character strings are defined between simple 'quotes’: ¢ = "This is a text’ will define the variable c as a character
string that can be used to display the message between quotes. available(c) will display the string ¢ on the
screen.

Entering a string

>>ch="Introduction a matlab’
ch=
Introduction a matlab

The length of a string

>>length(ch)

ans—



44 Programming elements

21

The dimensions of a string

>>size(ch)
ans=

1 21

Comparison between 2 strings

>>stremp(’Matlab’,’Simulink’)
ans=

0

>>stremp(’Matlab’, Matlab’)

ans—

Comparing 2 strings over a defined number of characters

>>strncmp('Matlab’ ’Math’,3)

ans=

The capital letter of a string

>>chl="matlab’;
>>upper(chl)
ans=

MATLAB

The lowercase of a string

>>ch2="CONSTANTINE’;

>>lower(ch2)
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ans—

constantine

The ASCII code of a string

>>code=abs(ch2)
code=

67 79 78 83 84 65 78 84 73 78 69

Converting an ASCII code to characters

>>setstr(code)
code=

CONSTANTINE

Concatenating strings

e Horizontal concatenation
>>chl="matlab’;
>>ch2="2024’
>>strecat(chl,ch2)

ans=

matlab 2024

e Vertical concatenation
>>ch3="math work’;
>>strvcat(chl,ch2,ch3)
ans=

matlab

2024

math work
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Searching for a substring in another string

>>H="university IBN KHALDOUN’
>>findstr(H,'N”)
ans=

13 21

>>findstr(H,'m’)
ans=

[]

Type checking a variable
>>]="fmi tiaret’.

>>isstr(l)

ans=—

>>m="2024
>>isstr(m)

ans=

Decimal to hexadecimal

>>d=12
>>f=dec2hex(d)

f=

Hexadecimal to decimal

>>h="10’

>>p=hex2dec(h)



4.2 Generality 47

p:

16

Decimal to Binary

>>f=10
>>bin=dec2bin(f)
bin=

1010
>>bin=dec2bin(f,8)
bin=

00001010

Binary to decimal

>>b=00001111
>>j=bin2dec(b)

j=15

4.2 Generality

4.2.1 Variables, assignment

The assignment instruction name+—value code: name=value. If there is no variable named name, this statement
creates a variable called name and assigns value to it. Otherwise, its value will be modified (replaced) with the
new value. When a variable is created, its name appears in the workspace an icon which indicates the nature
of its content, and the description of its memory size.

Valid variable names start with a letter and are one word. MATLAB is case sensitive. There are five types of

variables in MATLAB: integers, real numbers, complexes, character strings and the logical type.
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4.2.2 Comments

Comments are explanatory sentences ignored by MATLAB and intended for the user in order to help him
understand the commented part of the code. In MATLAB a comment starts with the % symbol and occupies
the rest of the line. By example :

>> A=B+C; % A is the value of B+C

4.2.3 Writing long expressions

If the writing of a long expression cannot be enclosed in a single line, it is possible to divide it into several lines
by putting at the end of each line at least three points.

>> (sin(pi/3)"2/cos(pi/3)"2) — (1 — 2% (54 sqrt(z)"5/(—2 x 23 — 2" 2)"1 + 3 x x));

This expression can be rewritten as follows:

>> (sin(pi/3)"2/cos(pi/3)"2) -+ -

>> (1 —2%(5+ sqri(x) 5.+

>> /(2% 23— 2"2)M" + 3% 1));

4.2.4 Inputs/Outputs

Reading data into a program (Inputs)

To read a value given by the user, it is possible to use the input command, which has the following syntax:
variable = input (An indicative sentence)

evariable:The value deposited by the user will be put in this variable

eAn indicative sentence:A sentence helping the user to know what to enter

When MATLAB executes such an instruction, the indicative phrase will be displayed at the user while waiting
for the latter to enter a value.

>>m=input ("Enter an integer: )<=

Enter an integer:5<

>>m=input ("Enter an integer: ’);<—
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Enter an integer:5+—

>>n= input ("Enter a row vector: ')«
Enter a row vector:[1:2:8,3:1:0]«

n=

1 35 7 3 2 10
4.2.5 Writing data into a program (Outputs)

We have already seen that MATLAB can display the value of a variable by only typing the name of the latter.
>>m =b;

>>m % Ask Matlab to display the value of m

With this method, MATLAB writes the name of the variable (A) then the sign (=) followed by the desired
value. However, there are cases where we want to display only the value of the variable (without the name and
without the = sign).

To do this, we can use the disp function, which has the following syntax: disp (object) The value of the
object can be a number, a vector, a matrix, a string of characters or an expression.

Note that with an empty vector or matrix, disp displays nothing.

>> disp(m) %Show the value of A without 'm ="’

5

>> disp(m); %The semicolon has no effect

5

>>n %Display vector n using the classic method

1 35 73 210
>> disp(n) %Show vector n without n ="’
135 73 2 10

>>J=3:1:0 %Creating an empty J vector
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J =
Empty matrix: 1-by-0
>> disp(C) %disp displays nothing if the vector is empty

>>

4.3 Logical expressions

4.3.1 Logical operations

The comparison operation Meaning
== egality
= inequality
> greater than
< less than
>= greater than or equal to
<= less than or equal to
The logical operation Meaning
& the and logical
| the logical or
~ logical negation

In MATLAB a logical variable can take the values 1 (true) or 0 (false) with a small rule which admits that:

& Any value equal to 0 will be considered false (= 0 = False)

& Any value other than 0 will be considered true (# 0 =True).

The following table summarizes how logical operations work:

P Q P&Q | PIQ | ~@Q

1 (true ) | 1 (true) 1 1 0
1 (true ) | O (false ) 0 1 0
0 (false) | 1 (true) 0 1 1
0 (false) | 0 (false) 0 0 1

>> P =10;

>>Q = 20;

>>P<Q %displays 1 (true)

ans =

1

>> P <=10 %displays 1 (true)

ans =
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>> P == %displays0O(false)

ans =

0

>> (0 < P)&(Q < 30) %displays 1 (true)

ans =

>> (P > 10)[(Q > 100) %displays 0 (false)

ans =

>> (P >10) %displays 1 (true)

ans =

>> 10&1 % 10 is considered true therefore 1&1 =1

ans =

>> 10&0 %180 =1
ans =

0

>> 7 =11,5,8]

>> D = [7,-5,5]
>>Z>D

ans —

>>7Z <D

ans =

>>7Z=D
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ans =
0 0 0
>>7Z =D
ans =
1 11

4.3.2 Comparison of matrices

Comparing vectors and matrices differs somewhat from scalars, hence the usefulness of the two functions ’ise-

qual’ and ’isempty’ (which allow you to give an answer concise for comparison).

B isequal: tests if two (or more) matrices are equal (having the same elements everywhere). It returns 1 if

this is the case, and 0 otherwise.

B isempty: tests if a matrix is empty (contains no elements).

It returns 1 if this is the case, and 0 otherwise.

To better understand the impact of these functions, let’s follow the following example:

>>T=152;—-1,3 % Create matrix T
T =

5 2

-1 3

>>Y =[5,1;0, 3] % Create matrix Y
Y =

5 1

0 3

>> T==Y % Test if T=Y? (1 or 0 depending on position)
ans =

1 0

0 1

>> isequal(T,Y) % Test if indeed T and Y are equal (the same)
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ans =
0

>>1=[]; % Create the empty matrix I

>> isempty(I) % Test if I is empty (shows true = 1)

ans —

>> isempty(T) % Test if T is empty (displays false = 0)

ans =

4.4 Flux Control Structures

Flow control structures are instructions for defining and controlling manipulate the order of execution of tasks
in a program. They offer the possibility of carry out different processing depending on the state of the program
data, or perform repetitive loops for a given process.

MATLAB has eight flow control structures, namely:

¢ if

¢ switch

¢ for

¢ while

¢ continue

¢ break

¢ try - catch

¢ return
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The if statement

The if statement is the simplest and most widely used control flow structure. She allows you to guide the

execution of the program according to the logical value

if (condition) if (condition)
instruction 1 instruction set 1
instruction 2 or else

instruction set 2

instruction N end

If the condition evaluates to true, the statements between the if and the end will be executed, otherwise they
will not be (or if an else exists the instructions between the else and the end will be executed). If it is necessary
to check several conditions instead of just one, we can use elseif clauses for each new condition, and at the end

we can put a else in the case where no condition has evaluated to true. So here is the general syntax:

if (expression 1)
Instruction Set 1
else if (expression 2)
Instruction Set 2
else if (expression n)
Instruction set n
else
Set of instructions if all expressions were false

end

the following program defines you according to your age:

>> age = input(’Enter your age : ’);
if (age < 2)

disp("You are a baby’)
elseif (age < 13)

disp("You are a child’)
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elseif (age < 18)
disp ("You are a teenager’)
elseif (age < 60)
disp ("You are an adult’)
else
disp ("You are an old man’)

end

Enter your age : 2
You are a baby
Enter your age : 10
you are a child
Enter your age : 19
You are a teenager
Enter your age : 59.5
you are an adult
Enter your age : 80

You are an old man

As you can see, writing a MATLAB program directly after the command prompt (the ;j prompt) is a bit
unpleasant and annoying.

A more convenient method is to write the program in a separate file, and to call this program (if necessary) by
typing the file name in the command prompt. This approach is defined in MATLAB by M-Files, which are files
that can contain the data, programs (scripts) or functions that we develop.

To create an M-Files simply type the edit command, or simply go to the menu: File — New — M-Files (or
click on the icon O ).

All you have to do is write your program in this window, then save it with a name (for example: first Program.m).
It is reported that The extension of M-Files files is always .m.

Now if we want to run our program, just go to the guest usual command (;;) then type the name of our file
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(without the .m) like this:

>> first Programme <

And the program execution will start immediately.

To return to the editing window (after closing it) simply enter the command:

>> edit first Program

Let’s create a program that finds the roots of a quadratic equation designated by: ax? 4+ bx + ¢ = 0.

Here is the M-File which contains the program, it is saved with the name: Equation2deg.m

% Resolution program the equation a * 22 +b*x +c =0
a = input ("Enter the value of a : ’); % read a
b = input ("Enter the value of b : ’); % read b
¢ = input ("Enter the value of ¢ : ’); % read ¢
delta = b% — 4 % a * ¢; % Calculate delta
if delta < 0
disp(’No solution’) % No solution
elseif delta==
disp("Dual solution : ’) % Dual solution
X =b/(2xa)
else
disp("Two distinct solutions: ') % Two solutions
X1 = (—b+ sqrt(delta))/(2 x a)
X2 = (—b— sqrt(delta))/(2 * a)

end

If we want to run the program, we just have to type the name of the program:
>>Equation2deg

Entrez la valeur de a : -2

Entrez la valeur de b : 1 <

Entrez la valeur de ¢ : 3 «
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Deux solutions :

X1 =

1

X2 =

1.5000

Thus, the program will be executed following the instructions written in its M-File. If a statement is ended with
a semicolon, then the value of the variable concerned will not be displayed, however if it ends with a comma or
a line break, then the results will be displayed.

Note: There is the predefined solve function in MATLAB to find the roots of an equation (and much more).
If we want to apply it to our example, it just write:

>> solve(’—2* 22 + 2 + 3 = 0",%))

ans =

-1

3/2

The switch statement

The switch statement executes groups of statements based on the value of a variable or of an expression. Each
group is associated with a case clause which defines whether this group must be executed or not depending on
the equality of the value of this box with the evaluation result of the switch expression. If all the boxes have
not been accepted, it is possible to add a otherwise clause which will be executed only if no case is executed.

So the general form of this instruction is:

switch (expression) case value 1
Instruction group 1
case value 2

Instruction group 2

case value n
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Instruction group n
otherwise
Group of instructions if all boxes failed
end
Example :

x = input ("Enter a number : ’) ;

switch(x)
case 0
disp(’x =0")
case 10
disp(’x = 10 ")
case 100

disp(’x = 100 ")

otherwise

disp(’x is not 0 or 10 or 100 ’)

end

The execution will give:
Enter a number: 50 +

x is not 0 or 10 or 100

In this example of Switch Statement in Matlab, based on the grade obtained, we classify the distinction.

Enter grade = "A’;
switch(enter grade)

case 'A’

fprintf(’Excellent performance \n’ );

case 'B’

fprintf("Well done performance \n’ );

case 'C’
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fprintf("Very Good performance\n’ );

case 'D’

fprintf("You passed.. Congratulations \n’ );

case 'F’

fprintf(’Better luck next time\n’ );

otherwise fprintf(’Invalid grade. Please enter correct value \n’ );

end

Iterative loop for

The for statement repeats the execution of a group of statements a specified number of times. It has the

following general form:

for variable = expression vector

statement

statement

end

Example 1:

k = input("Enter a number of your choice: ’);

a=zeros(k,k) % Preallocate matrix
form = 1:k
for n = 1:k

a(mmn) = 1/(m+n -1);

end

end
Enter a number of your choice:

3
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1.0000 0.5000

a=
1.0000  0.5000

0.5000 0.3333

a =
1.0000 0.5000
0.5000 0.3333

0.3333  0.2500

Example 2

fori = 1:mn
x = [x, i"2]

end

0.3333

0.3333

0.2500

0.3333

0.2500

0.2000
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Example 3:

m =4

n=3

fori = 1:m

for j = 1mn

H(1,j) = 1/(+)-1) ;
end

end

1.0000 0.5000 0.3333
0.5000 0.3333 0.2500
0.3333 0.2500 0.2000

0.2500 0.2000 0.1667

4.4.1 Conditional loop while

This mechanism makes it possible to repeat a series of instructions as long as a condition is verified. Its syntax

is:

‘While condition

Instructions

end

Example 1:
a=1;

while (a=0)
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a = input ("Enter a number (0 to finish ’);

end

This program asks the user to enter a number. If this number is not equal to 0 then the loop repeats, otherwise
(if the given value is 0) then the program stops. Enter a number (0 to finish )

2

Enter a number (0 to finish )

0

>> Example 2:

eps = 1;

while (14+eps) > 1

eps = eps/2;
end

eps

eps =
1.1102e-16
Example 3:

Find the first number whose factorial uses more than 100 digits:
n=1;

while prod(1m) < 1el00

n=n+4 1;

end

70

4.4.2 Continue and break outputs during instruction

In loop structures, a block of instructions is executed a certain number of times, and this number of times can

even be infinite in the case of while loops.
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Two instructions allow you to interrupt the execution of a block of instructions in a loop.

Continue: Interrupts execution of the currently executing block of instructions, and moves to the next iteration
of the for or while loop.

Break: interrupts the execution of the block of instructions currently being executed, and completely exits the
for or while loop, ignoring subsequent iterations

Example 1 (continue): the MATLAB program which allows you to display numbers divisible by 7 between
7 and 50. The continue instruction allows if a number not divisible by 7 to ignore its display with the disp
instruction and move on to next number.

for n = 1:50

if mod(n,7)

continue

end

disp(['Divisible by 7: * num2str(n)])

end

The execution gives:

Divisible by 7: 7

Divisible by 7: 14

Divisible by 7: 21

Divisible by 7: 28

Divisible by 7: 35

Divisible by 7: 42

Divisible by 7: 49

Example 2 (break):

c=input(’give a number ’)

n=0;

while n<=c

x=input(’enter a number ’);
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if x==0

break

end

disp(['the number entered is’ num2str(x)])
n=n+1;

end

The execution gives:
give a number 5

c =95

enter a number 3

the number entered is 3
enter a number 4

the number entered is 4
enter a number 0

>>

4.4.3 The functions

There is a conceptual difference between functions in computer science or mathematics:
1—In computing, a function is a routine (a subroutine) which accepts arguments (parameters) and which returns
a result.

2—In mathematics a function f is a relation which assigns to each value x at plus a single value f(x).

Creating a function in an M-Files

MATLAB contains a large number of predefined functions like sin, cos, sqrt, sum, etc. And it is possible to
create our own functions by writing their source codes in M-Files files (with the same function name) respecting

the syntax following:
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% the body of the function

rl = --- % the value returned for rl
r2 =--- % the value returned for r2

...

rm = --- % the value returned for rn

end % the end is optional

function [rq, 79, -+, rp]=name function (arg:, args, --

) argn)

Or: rq---ry, are the returned values, and argl - - - arg, are the arguments.
function r = tpracine(number)

r = number/2;

precision = 6;

for i = 1:precision

r = (r + number ./ 1) / 2;

end[80] >> x = tpracine(10)

3.1623

>> x = tpracine(101)

10.0499

>> x = tpracine([15 52 166 3])

3.8730 7.2111 12.8841 1.7321
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Chapter 5

Polynomials

5.1 Handling Polynomial Functions in MATLAB

5.1.1 Representation of polynomials

Let be the following polynomial: P(z) = a,x™ + 12" 4+ - asx? + a1z’ 4+ ag where n is the degree of the
polynomial and a;(i = 1,2,3,---n) are the coefficients of the polynomial. This polynomial can be written
as:P(z) = ((-+- (- (an2™ + ap_1)2" L+ ap_o)x -+ a1)zt + ap).

After factorization, we have:

P(z) =an(x —r1)(x —ra)(x —r3) - - (x — ryp) where ro, 71,72 -7, are the roots of the polynomial.

Example: The polynomial P(z) = 223+ 1022 — 62+ 20 , that is represented in MATLAB by:P = [2 10 —6 20];

5.1.2 Arithmetic of polynomials

MATLAB defines functions for elementary or advanced processing of polynomials: root polynomial, evaluation

and differentiation, curve approximation, etc.

The roots function

Calculate the roots of a polynomial. By convention, MATLAB saves roots in a vector column.
To find these r;, roots, one must perform the function roots.

>> r=roots(P);

and the result given is:

>> clc; clear all
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>> P =1[210—6 20];

>>r=roots(P)

-5.8122 +0.00001
0.4061 + 1.2472i
0.4061 - 1.2472i

The three roots of this polynomial are given as a column vector.

Determining the coefficients of a polynomial from its roots

Contrary to to the root function, poly returns the coefficients of a polynomial from its roots.
Example 1:

>>poly(r)

ans =

1.0000 5.0000 -3.0000 10.0000

Example 1:

clc; clear all

a=[3-5]

poly(a)

a=

3-5

ans =

1 2-15 (that is to say: x2 + 2z — 15).

clc; clear all

a = [ 14i 2-i 5]

poly(a)

a = 1.0000e+000 +1.0000e4-000i 2.0000e+000 -1.0000e+000i 5.0000e+000
ans =

1.0000e+-000 -8.0000e+4-000 1.8000e+-001
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+1.0000e+4-000i -1.5000e+-001 -5.0000e+-000i
Verification

ans =

1.0000e4-000 -8.0000e4-000 1.8000e+4-001 +1.0000e+000i -1.5000e+001 -5.0000e+000i
p=

1.0000e4-000 -8.0000e+000  1.8000e+4-001
+1.0000e4-000i -1.5000e4-001 -5.0000e+4-000i
ans =

5.0000e+000 +8.8818e-016i

2.0000e+-000 -1.0000e+-000i

1.0000e+000  +1.0000e+000i

Example 3:

clc; clear all

P=[2-4 -8 4-14 16]

r=roots(P)

poly(r)

format long e

roots(P)

P=

2-4-8 4-14 16

3.1942
-1.9745
-0.0496 + 1.2000i
-0.0496 - 1.2000i
0.8794

ans —
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1.0000 -2.0000 -4.0000 2.0000 -7.0000 8.0000
>>format long e

>> roots(P)

ans =

3.194190220624354e4-000

-1.974500417245445e4-000

-4.955755139294071e-002 +1.199959128943957e+0001
-4.955755139294071e-002 -1.199959128943957e+000i
8.794252994069751e-001

Example 4:

Complex coefficient polynomial: (1 —i)z? + (2 —5i)z +8 =10
clc; clear all

P=[1i 25i 8§

r=roots(P)

format short e

P =

1.0000e+000 -1.0000e+-000i 2.0000e+000 -5.0000e+000i 8.0000e+-000

r =
-3.3768e+4-000 +2.7863e+-0001
-1.2324e-001 -1.2863e+000i
Example 5:

cle; clear all A=[4 6;1 3]
p=poly(A)

A:
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1-76

Thus, the characteristic polynomial of the matrix A is: P(x) = 22 — Tz + 6 . The roots of this polynomial are
the eigenvalues of the matrix A. these roots can be obtained by the function eig :

>> Valprop=eig(A)

Valprop =

6

Evaluation of a Polynomial

To evaluate the polynomial p(x) at a given point, we must use the polyval function. We evaluate this polynomial
for x=1, for example:

clc; clear all

P=[2-7 10]

polyval(P,1)

P=

2-710

ans =

It is possible to evaluate a polynomial for a matrix X via the MATLAB polyvalm function. The matrix X
must be square.

Exemple :

>>p=[10 —2 —5].

>>X =024 5-10 3715

>>Y = polyvalm(p,X)

Y =

377 179 439111 81 136 490 253 639
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Multiplication of polynomials

The conv function gives the product of convolution of two polynomials.
Example 1:

A(z) = —22% + 522 — 3z + 1 B(z) = 2* — 322 — 5z — 8
The Convolution product A(x). B(x) is given by:

A=[-2 5-3 1]

B=[1-3-5-8];

h=conv(A,B)

h =

-2 11 -8 1-28 19 -8

Example 2:

(Bx-2)(2x-1)=7

pl=[3-2];

p2=[2-1];

conv( pl, p2)

ans =

6-7 2

In other words : (3z — 2)(2z — 1) = 62% — Tz + 2.
Polynomial Division
The deconv function gives the convolution ratio of two polynomials. The following example shows the use of

this function. Let the same previous functions A (x) and B(x):

The division of A(x) by B(x):

cle
A=[3-2 3 5;
B=[2-12]

[q, r]=deconv(A,B)

q:
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1.5000 -0.2500

0 0-0.2500 5.5000

5.1.3 Advanced treatment
The polyder function:

This function calculates the derivative of polynomials or their multiplication or even their division, depending
on the syntax used.

Example: >>p=[10-2-5];

>> g = polyder(p)

qgq=3 0—-2
>>a=[135];b=1[246];

¢ = polyder(a,b)

¢ =830 56 38

>> [q,d] = polyder(a,b)
q=-2-8-2

d=4 16 40 48 36

The Polyfit function:

Calculate the coefficients of the polynomial that best approximates the data in a mark.

p = polyfit(x,y,n),such that x and y are the vectors of the coordinates of x and y and n and the degree of
polynomial result. >> 2 =[12345];y=[5.5 43.1 128 290.7 498.4];

p = polyfit(x,y,3)

p=

-0.1917 31.5821 -60.3262 35.3400

The Polyint function:

This function performs the integral of the polynomial given in parameters, analytically. She returns it repre-

sentation of the integral of the polynomial P as input and taking into account the integration constant if we
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point it out to him
>> polyint(p, k).l

The instruction >>polyint(p) assume that the integration constant k is 0.



Chapter 6

Graphics in Matlab

6.1 Graphs and data visualization in MATLAB

Based on the principle that a picture is worth a thousand words, MATLAB offers a powerful visualization
system that allows presentation and graphical display data in a way that is both efficient and easy. In this part

of the course, we will present the basic principles essential for draw curves in MATLAB.
6.1.1 The plot function

The plot function can be used with vectors or matrices. it draws lines by connecting points of coordinates

defined in its arguments, and it to several shapes:

If it contains two vectors of the same size as arguments:

It considers the values of the first vector like the elements of the X axis (the abscissa), and the values of the
second vector as the elements of the Y axis (the ordinates).

Example :

>> A =[2, 5, 3,-2,0]

A=

25 3 -2 0

>> B =[4,0, 3, 14]

B =

40314
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>> plot(A,B)

If it contains a single vector like argument :

she considers the values of the vector like the elements of the Y axis (the ordinates), and their positions relative

we will define the X axis (the abscissa).

Example :
>>V=V=]21,6,8-3,0,5]
V =

21 6 -8 -3 0 5

>> plot(V)

If it contains a single matrix as an argument:

it considers the values of each column as the elements of the Y axis, and their relative positions (the row number)

as the values of the X axis. So, it will give several curves (one for each column).

Example :
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>>M=1[0-21;203;-33-2;114]

M =

>> plot(M)

If it contains two matrices as arguments:

it considers the values of each column of the first matrix as the elements of the X axis, and the values of each

column of the second matrix as the values of the Y axis.

Example :

>>K=[111;222;333:444]

4 4 4
>>M=1[0-21;203;-33-2;114]

M:
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-3 3 -2
1 1 4

>> plot(K,M)

It is obvious that the more the number of coordinates increases, the more precise the curve becomes. For
example, to draw the curve of the function y = sin(z)on[0, 27| we can write:

The first figure

>>x=0:pi/3:2x%pi;

>>y = sin(x);

>> plot(x,y)

The second figure

>>x=0:pi/12: 2% pi;

>> y = sin(x);

>> plot(x,y)

pas=pil3

05

05
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pas=pill2

1

05

-05¢F

6.1.2 Change the appearance of a curve

It is possible to manipulate the appearance of a curve by modifying the color of the curve, the shape of the
coordinate points and the type of line connecting the points. To do this, we add a new argument (which we

can call a marker) of type string character to the plot function like this:

plot (x, y, 'marker’)

The content of the marker is a combination of a set of special characters collected in the following tables:

Table of usual colors:

Short name long name its effect

yellow curve in yellow

magenta curve in bright purplish red
cyan curve in between green and blue
red curve in red

green curve in green

blue curve in blue

white curve in white

black curve in black

=l g oo = o | B <

Marker table:

the character its effect

a point.

a circle o

the symbol x
the + symbol
star *

a square W

a diamond ¢
lower triangle ¥
upper triangle A
left triangle «
right triangle »
pentagram x
hexagram

DB |VIAN| > <|x|w|*x|+|X]|0
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Curve Style

Commants

System commands

the character its effect
— online full
: dotted - -----
—. dash dot —. — . —.
- dashed — — — — —

Strings

—Sample

&

¥ create 8 file for output

ltouch tesctFile.kExt

Text

Keywo rds—

for i=1:10
Iprintf(Lfid,'%$6.2f \n, 1i):

end |

fid = fopen('tescFile.txt', 'w']

Unterminated strings

The default colors are listed here:

* Keywords Flow control functions, such as for and if, as well as the continuation ellipsis (...), are colored

blue.

% Comments All lines beginning with a %, designating the lines as comments in MATLAB, are colored

green. Similarly, the block comment symbols, % and %, as well as the code in between, appear in green.

Text following the continuation ellipsis on a line is also green because it is a comment.

% Strings Type a string and it is colored maroon. When you complete the string with the closing quotation

mark (), it becomes purple. Note that for functions you enter using command syntax instead of function

syntax, the arguments are highlighted as strings. This is to alert you that in command notation, variables

are passed as literal strings rather than as their values. For more information, see MATLAB Command

Syntax in the MATLAB Programming documentation.

% Unterminated strings A single quote without a matching single quote, and whatever follows the quote,

are colored maroon. This might alert you to a possible error.

% System commands Commands such as the ! (shell escape) are colored gold.
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% Errors Error text, including any hyperlinks, is colored red.

List of properties:

LineWidth: specify the width (at points) of the line.

MarkerEdgeColor: specifies the marker color or edge color for filled guides (circle, square, triangles,

etc.).

MarkerFaceColor: specify the color of the face of the filled marks.

MarkerSize: specifies the size of the marker in point units.

Example :

Let’s try to draw the function y = sin(x) for z = [0...27] with step = 7 /6.

>>x=0:pi/6:2x*pi;

>>y = sin(x);

By changing the marker we obtain different results, and here are some examples:
plot(x, y, 'r:*")

plot(x, vy, 'black-.~") plot(x, vy, 'pb-")

1

s

3 & i
\
05| %  # 05 :r& & 05
: '\
04 * + EL’.’L & & s
) ;

05 " + 05 & A 05

1 Pl 1 x4 1

0 2 4 B 0 2 4 B 0 2 4 B

6.1.3 Annotating a figure

In a figure, it is preferable to put a textual description helping the user to understand the meaning of the axes

and know the purpose or interest of the visualization concerned.

It is also very interesting to be able to report locations or points significant in a figure by a comment indicating

their importance.
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v/ To give a title to a figure containing a curve we use the function title like this:

>> title(figure title’)

v/ To give a title for the vertical y axis, we use the function ylabel like this:

>> ylabel("This is the axis of ordered Y’)

v/ To give a title for the horizontal x-axis, we use the function xlabel like this:

>> xlabel("This is the axis of abscissa X’)

v/ To write text (a message) on the graphics window at a specified position by the x and y coordinates, we
use the text function like this:

>> text(x, y, "This point is important’)

v/ To put text on a position chosen manually by the mouse, we let’s use the gtext function, which has the
following syntax:

>> gtext("This point is chosen manually’)

v/ To set a grid, use the grid (or grid on) command. For remove it reuse the same grid (or grid off)

command.

Example :

Let’s draw the function: y = —222 + 22 — 2z + 4 for x varies from —4 to 4, with a step = 0.5.
>> x = 4:0.5:4;

>>y=2%234+22 -2xx+4;

>> plot(x,y)

>> grid

>> title('Draw a curve’)

>> xlabel(’the abscissa axis’)
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>> ylabel(’the axis of ordered’)

Draw a curve
200 . :

150

100

50

the axis of ordered

-100

-150 ' : :
-4 -2 0 2 4

the abscissa axis

6.1.4 Draw multiple curves in the same figure

By default in MATLAB, each new drawing with the plot command erases the previous. To force a new curve

to coexist with previous curves, There are at least three methods:

The hold command

The hold (or hold on) command activates the preserve old curves mode, which allows the display of several
curves in the same figure. To cancel its effect he just rewrite hold (or hold off).

For example to draw the curve of the two functions cos(x) and sin(x) in the same figure, we can write:

>> x=0:pi/12:2%pi;

>> yl=cos(x);

>> y2=sin(x);

>> plot(x,yl,’b-0")

>> hold on



84 Graphics in Matlab

>> plot(x,y2,’r-s")

Using plot with multiple arguments

We can use plot with several pairs (x,y) or triples (x,y, marker) as arguments. For example to draw the same
previous functions we write:

>> x=0:pi/12:2%pi;

>> yl=cos(x);

>> y2=sin(x);

>> plot(x,y1,’b:+’,x,y2,’k:0")
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Use matrices as argument to plot function

In this case we obtain several curves automatically for each column (or sometimes the rows) of the matrix. This
case has already been presented before.

After being able to put several curves in the same figure, it is possible to distinguish by putting a legend
indicating the names of these curves. To do this, we use the legend function, as illustrated in the following
example which draws the curves of the two functions sin(x) and cos(x):

>> x=0:pi/12:2%pi;

>> yl=sin(x);

>> y2=cos(x);

>> plot(x,y1,’b—",x,y2,’-1")

>> legend(’the sine’,’the cosine’)

1

the sine
the cosine

0.5

It is possible to move the legend (which is located by default in the upper right corner) by using the mouse

with drag and drop.
6.1.5 Manipulating the axes of a figure

MATLAB calculates the limits (minimum and maximum) of the X and Y axes by default and automatically
choose the appropriate partitioning. But it is possible to control the appearance of the axes via the axis

command.
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To define the limits of the axes it is possible to use this command with the following syntax:

axis ( [ xmin xmax ymin ymax ] ) Or axis ( [ xmin,xmax,ymin,ymax | )

& xmin and xmax define the minimum and maximum for the x-axis.

& ymin and ymax define the minimum and maximum for the y axis.

To return to the default display mode, we write the command: axis auto
Example :

fa) =2 —2

>> x = -2:0.5:2;

>>y=uz3-2;

>> plot(x,y)

foae e T 1
10 :| :
| L4 |
I I

15 Ly |
I L k
: 2 i
o0 {1 ;
: 17 0 I
1 1 1
1 =5 I 1
I | k
I L1 =2 !
I I

I_"ID i i II i |
L2 10 1 250 B B T tE 2

>> axis auto »» axis([e,2,-3,5])

Among the other options of the axis command, we present the following;:

» To make the size of both axes the same (the size not the partitioning, we use the axis square command.

It is so named because it gives the appearance of axes like a square.

» To make the partitioning of the two axes identical we use the command axis equal.

» To return to the default display and cancel the changes we use the auto axis command.
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on command.
Exercise

87

» To make the axes invisible we use the axis off command. To make them visible again we use the axis

e Draw the graph of the function 222 * sin(—2z) + = in [—pi pi]
function y=foc(x)

y='2xx"2x%sin(—2*zx)+x

.
b
end

ans —

2x "2 % sin(—2xx) +

>> fplot('2 x &2 x sin(—2 x x) + 2/, [—-pi pi])

15

10

/
. / i
. f
/
/
A0F f’f =
\ /
o
_.15 L ' L L L L L
3 2 -1 0 1 2
e N=100;

x = rand(1,N);

y = rand(1,N);
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plot(x,y,’bd’)

09 o
S
08l
07F o
06}
05} o
0.4} 0
03}°
0.2k

0.1F

e X =-10:0.5:10;
Y =2/ — 2.2
plot(x,y, dr')

50 T T

401

30

20r

101

-101

-301

40}

50 L L

-20

6.2 Other types of charts

20

The MATLAB language does not only allow the display of points to plot curves, but it also offers the possibility

of drawing bar graphs and histograms. To draw a bar graph we use the bar function which has the same
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principle of operation than the plot function.
Example :

>> X=[2,3,5,4,6];

>>Y=[14,52/1];

>> bar(X,Y)

It is possible to modify the appearance of the sticks, and there is the barh function which draws the sticks
horizontally, and the bar3 function which adds a 3D effect. Among the very interesting drawing functions not
presented (due to lack of space) we can find: hist, stairs, stem, pie, pie3, ...etc. (which we encourage you
to to study).

We also point out that MATLAB allows the use of a coordinate system other than the Cartesian system like

the polar coordinate system (for more detail look for the compass, polar and rose functions).

The subplot command

Example

cle

figure

subplot(2,3,1), fplot("cos(-2*x)’,[1  4*pi]), title(’cosinus(-2*x)’), grid
subplot(2,3,2), fplot(’sin(-5*x)’,[1 4*pi]), title(’sinus(-5*x)’), grid
subplot(2,3,3), fplot("tan(z"2+1)’,[-pi pi]), title(’tangente(z"2+1)’), grid

subplot(2,3,4), fplot(acos(z"2-1)",[-2 2]), title(’arc-cosinus(z”2-1)"), grid
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subplot(2,3,5), fplot(Casin(z”2)’,[-2 2]), title(’arc-sinus(z"2)’), grid

subplot(2,3,6), fplot(atan(z”2+x)’,[-sqrt(9) sqrt(9)]), title(’arc-tangente(z"2+x)’), grid

cosinus(-2*x) sinus(-5*x) ta ngente{x2+ 1)
1 [\I ! :|'|.I 1 | M ,1 I1 |.] rI 600 r
U_5-|'; H it U-E"ZMF.’H - 400}
AREIEN JII|}
0 . II lm il E!| 1||'I|I'|I']‘ |‘ + 200F
| I| L | L 14
05 lli { 1 D5t f . 0 1
8T A VA A |
2 4 6 8 10 12 2 4 6 8 10 12 -2 0 2

an:—-:nsinus{xz—1 ) arc-sinus(x 2)

a rc—tangente{xzﬂj
1h —_
kA

3t . /\ t 15} ||—-- d: \ ,f';j
VN j\ [ o

0.5 . f

05

6.3 3D graphic

6.3.1 Draw the level lines of a function of 2 variables

Function
the function meaning
view Adjust the viewing angle
grid Add a grid
xlabel Add a legend for the abscissa axis
ylabel Add a legend for the ordinate axis
zlabel Add a legend for the Z axis
plot3 trace point by point a 3D graph
contour (see example)
meshz (see example)
meshgrid (see example)
mesh (see example)
meshc (see example)

The outline control allows you to draw the level lines of a function of 2 real variables. This function can be

defined by a Matlab expression, or be defined as a user function. To trace the level lines of the G (X, Y) function
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for xmin | xmax and ymin | ya j ymax we proceed as follows:
creation of a mesh, with a mesh of length h, of the domain [xmin , xmax] x [ymin , ymax] using the command

meshgrid,

[X,Y] = meshgrid(Tmin : Pt Tmazs Ymin : P2 Ymaz)-

» Evaluation of the function at the nodes of this mesh, either by calling the user function defining the

function, Z = g(X,Y) or directly by defining the function with a MATLAB expression.

» Display of the level lines thanks to the command contour,contour(X,Y,Z).

Example 1

Thus to draw the contour lines of the function f(z,y) = yze®¥") on the domain [—1,1]z[—1,1] taking a mesh
of mesh of length h = 0.02:

clc; clear all

[X,Y] = meshgrid(-1:0.02:1, -1:0.02:1);
Z=Y x X xexp(—X. 2 —-Y. 2);
contour(X,Y,Z) , grid on

You can also write a user function g.m,
function x3 = g(x1,x2)

x3 = x2* x1.*exp(-x1.42-x2."2);

end

and execute

>> [X,Y] = meshgrid(-1:0.02:1, -1:0.02:1);
>> 7 = g(X)Y);

>> contour(X,Y,Z),
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grid on

1

05 J

05} h
,l i 1

Example 2

Visualization of level lines using the contour command. The number of level lines is determined automatically
from the extreme values taken by the function on the domain considered. To impose the number n of level lines
to be displayed, simply call the contour function with the value n as the fourth parameter, contour(X,Y,Z,n).
There are two ways to display the contour line values in the figure. If we want to display the values for all level
lines, we use the clabel command in the following way: >>[C,h] = contour(X,Y,Z,n)

>> clabel(C,h)

If we want to display only the values of a few level lines, we use the clabel command in the following way :
>> [C,h] = contour(X,Y,Z,n)

>> clabel(C,h,’ manual’)

You can then use the mouse to select the level lines for which you want to display the value. So to draw 40
lines of level of function z = (22 + 2)? + (22 + y)?on the domain [—1, 1]z[-1, 1].

[X,Y] = meshgrid (=1:0.02:1,—-1:0.02:1);

Z=(X"242)"24+ (X1 24Y)12;

[C, h] = contour(X,Y, Z,40);
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clabel(C,h,'manual’)
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Example 3:

Visualization of level lines using the contour command. It is possible to modify the color palette using the
colormap command. Typing help graph3d in the MATLAB control window will get you all available color
palettes.

The contourf command is used in the same way as the contour command. It is used to display, in addition to
the level lines, a continuous gradient of colors which varies according to the values taken by the function.

[X,Y] = meshgrid(—1 : 0.02 : 1,—1 : 0.02 : 1); Z = (X2 4 2)."2 + (X2 + Y)."2; contourf(X,Y,Z,40);
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colormap(cool);

6.3.2 Represent an equation surface z=g(x,y)

The mesh command allows you to draw a surface with the equation z=g(x,y). The function g can be defined
directly by a MATLAB expression or be defined as a user function. To plot the surface with equation z=g(x,y)

for xmin< z < xmax and ymin< y <ymax we proceed as follows:

» Creation of a mesh, mesh of length H, in the field [xmin, xmax] x [ymin, ymax] thanks to the Meshgrid

command, [X,Y] = meshgrid(Tmin : b : Tmazs Ymin * P Ymaz) -

» Evaluation of the function to the nodes of this network, either by calling for the user function defining

the function,Z = g(X,Y) either directly by defining the function by an expression MATLAB.

» Surface display thanks to the mesh command,mesh(X,Y,Z).

Example

2 = 22¢@*+¥") on the domain [—1,1] x [~1,1] with a mesh of mesh length h=0.02, we execute:
cle; clear all

[X,Y] = meshgrid(—1:0.02:1,—1:0.02 : 1);

Z=2xX*Y. xexp(—X."24+ Y. 2-1);
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mesh(X,Y,Z)
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6.3.3 Represent a parameterized surface

The surf control allows you to draw a parameterized surface of equations

x = fi(u,v)
Yy = f2(u7 U) )
z = fa(u,v) ,

The f= function (f1, {2, £3) can be defined directly by a MATLAB expression or be defined as a user function.

To plot the parameterized area of equation (E) forumin < u < umazand vmin < v < vmaz we proceed as

follows:

e creating a mesh, h-length mesh, domain [zmin,xmax]z[ymin,ymaz] using the command meshgrid,

[U,V] = meshgrid(umin : h : umaz,vmin : h : vmaz). Evaluation of the function to the nodes of

this network, either by calling for the user function defining the function, [z, y, 2]

by defining the function by a Matlab expression.

e Surface display thanks to the surf control, surf(X,Y,Z).

Example 1:

8
|
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&
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<
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N <
|l
[\l
N
s

on the domain [0, 27] x [0, 2] with a mesh mesh of length h = 0.05, we execute:

clc; clear all

f(u,v) either directly
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[U, V] = meshgrid(0 : 0.05 : 2 pi,0: 0.05 : 2);

X = 2*V.*cos(2*U);

Y = V. *%sin(2*U);

Z = 2¥UN2 + V.2,

surf(X,Y,Z)

If the function is defined as a user function in the G1.m file,
function [z1, 22, 23] = G1(u,v)

x1 = 2%v.*cos(2*u);

x2 = v.*sin(2%u);

x3 = 2%*u;

Exucute: >> [U, V] = meshgrid(0:0.05:2*pi, 0:0.05:2);
>> [X,Y, Z] = G1(U,V);

>> surf(X,Y,Z)

100 -
50 4 'I’I'}”’llllllll/
0 .
2
5
0
0
-2 -5
Example 2:
x = cos(t) ,
Either parametric equation : ¢ y = 2tsin(t)
z =5t)+1

clc; clear all
t = 0: pi/200 : 10*pi;

x = t.*cos(t);
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y = 2%t *sin(t);

7z = 5*t+1;

plot3( cos(t) , 2*t.*sin(t) , 5*t),

grid on

Example 3:

clc; clear all
x =-80: 80

y =-80: 80

150
—— T

100
50
0
50

0
'50 _1

z= f(z,y) = Vba? +Y?

[X,Y] = meshgrid(x , y);

Z = sqrt (5.¥X. 12 + Y.N2);

mesh (X, Y, Z)
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grid on

200 .
150
100 J

50

100
100

-100  -100

Exercise 1:

Type the following code. Deduce the purpose of each function in the example.
x=—pi:0.1:3x%pi;y =z *sin(z);

plot(x,y)

clf

plot(x,y,x,2 *y)

plot(z,y, r—',x,2xy, g+’)

xlabel('x’)

ylabel('y")

title(['the graph of the function sin(x) over the interval num2str(x(1)) ’, num2str(x(end)) |)

Exercise 2:

Consider the functions: f(z) = sin(x2) + 4 et P(x) = 223 + 223

1)Plot the curve of the function f(z) while varying  from 0 to 27 with an increment of 7/12. Use a dashed
green line style with diamond-shaped points.

2)Plot the curve of the function P(x) while varying x from —5 to 5 with an increment of 0.2. Use a blue dashed
line with square-shaped points.

Exercise 3:
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Write the set of MATLAB instructions to plot the following curves in the same Figure:
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Chapter 7

Symbolic calculation

7.1 Calling the symbolic toolbox

Symbolic Math Toolbox provides functions for solving, plotting, and manipulating symbolic math equations.
You can create, run, and share symbolic math code. In the MATLAB Live Editor, you can get next-step sugges-
tions for symbolic workflows. The toolbox provides functions in common mathematical areas such as calculus,
linear algebra, algebraic and differential equations, equation simplification, and equation manipulation.
Symbolic Math Toolbox lets you analytically perform differentiation, integration, simplification, transforms,
and equation solving. You can perform dimensional computations and convert between units. Your computa-
tions can be performed either analytically or using variable-precision arithmetic, with the results displayed in
mathematical typeset.

You can share your symbolic work with other MATLAB users as live scripts or convert them to HTML, Word,
LaTeX, or PDF documents. You can generate MATLAB functions, Simulink function blocks, and Simscape

equations directly from symbolic expressions.

7.1.1 Familiarization and handling of formal computing with Matlab

» Computer algebra software is software that facilitates symbolic calculation whose main part is based on

the manipulation of mathematical expressions under their symbolic forms.

» Computer algebra is the field of mathematics and computer science that focuses on to algorithms operating

on objects of a mathematical nature through finite and exact representations.
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» Concretely solving problems from various applications often requires both symbolic and digital treatments.
» Matlab offers a range of procedures and processing for digital data, but also for symbolic expressions.

» Matlab has very advanced computer algebra functions, in addition to its environment offers symbolic

calculation tools and at the same time provides powerful graphics and calculation.

» Matlab can be used to carry out calculations focused on the manipulation of expressions formal and obtain

mathematical expressions as results.

» Calculation approaches with symbolic variables to solve equations algebraic or differential,...

7.2 Development and implementation of an expression

7.2.1 Symbolic expressions
¢ The ”syms” function should be used to create symbolic objects in Matlab
Declaration of variables

Exemple:
syms a b ¢ x;
Exemple:
sym a;

sym b;

sym c¢;

sym d;

Declaration of variables with constraints
Exemple:

syms x theta real ;

It is equivalent to: x = sym(’x’,’real’);

theta = sym(’theta’,’real’);
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7.2.2 Development of expressions

collect command

Example:

>> syms X Y,

>>F = (x—2)"2+ (y+3)"2;
>> collect(FE)

ans =

22 —4dxx+ (y+3)"2+4
>> collect(E,y)

ans =

Yy 2+ 6xy+ (x —2)"2+9
Expand command

La fonction expand dveloppe une expression
Example 1:

>> expand(E)

ans =

N2 —4dxx+y 2+6xy+13

>> expand((z + y)"3)

ans =

23+ 3% 2" 2%y + 3xxxy 2+ y 3 >> syma;
>>FE2=(x+3)* (z—T7)"2;

>> expand(E2)

ans =

23 — 11 % 22 + 7x x + 147

>> expand(sin(z +y))

ans =

cos(zx) * sin(y) + cos(y) * sin(x)
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>> expand(sin(x —y))

cos(y) * sin(x) — cos(zx) * sin(y)
>> expand(cos(2 * x))
cos(x)"2 — sin(z)"2

>> expand(sin(2 * x))

2 % cos(r) * sin(z)

>> expand(tan(2 * x))

— (2 x tan(z))/(tan(x)"2 — 1)

Example 2:

>> expand(3 * cos(3 x x) — sin(2 x x))

ans =

3 * cos(x)"3 — 9 x cos(x) * sin(x)"2 — 2 * cos(x) * sin(z)

>> expand((2*xx —7) % (z — 1) x (x + 4))

ans —

2% "3 — 22— 29 % x + 28

>> expand((x — 1) * (x 4+ 2) * (x — 3) * (x — 5))

ans =

M —Tx2"3+5%x2"2+31xx—30

Example 3:

>> syms a;

>> syms b;

>> expand(cos(a + b))

ans —
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cos(a) * cos(b) — sin(a) * sin(b)
>> expand(cos(a — b))
sin(a) * sin(b) + cos(a) * cos(b)
>> expand(sin(a — b))
cos(b) x sin(a) — cos(a) * sin(b)
>> expand(sin(a + b))

cos(a) * sin(b) + cos(b) * sin(a)

Factor commands

Integers can be charged, although the form of the result depends on whether the entry is numeric or symbolic.
For a numeric (integer) input, the result is a list of factors, repeated according to multiplicity.

For a symbolic input, the output is a symbolic expression. An important command for working with symbolic
expressions is simplify, which tries to reduce an expression to a simpler expression equal to the original.
Example 1:

>> factor(z"2 —9)

ans =

(z —3)x(z +3)

>> factor(2* 22 + 4 x 1)

ans =

2%z * (x+2)

>> factor(z"3 — 4% "2 — 28 x x — 32)

ans =

(x —8) * (z +2)"2

>> factor((cos(x))"3 — cos(z) * sin(x)"2)

ans =
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cos(zx) * (cos(x) — sin(x)) * (cos(x) + sin(x))

Example 2:

>> factor(z"6 — 27 x 25 — 152 x 24 + 5328 * 3 — 15392 * 22 — 83088 * x + 262080)
ans =

(x —3)* (x—26) % (x — 6) x (x +4) * (x + 14) x (x — 10)

Simplify command

Example 1:

>> factor((cos(x))"3 — cos(x) * sin(x)"2)

cos(z) * (cos(x) — sin(x)) * (cos(x) + sin(x))

>> simplify(sin(x)/(1 4 cos(x)) + (1 + cos(x))/sin(x))
2/sin(x)

>> simpli fy(—cos(x)"2 x sin(x) + sin(x)"3 + sin(z))

2 x sin(x)"3

Addition, Subtraction, Multiplication, Division

Example 1:

>> syms Ty,

>> Fl =276+ 5% 2/\2;

>> F2=y"3-2;

>> FE3=-3x2"—-2x2"2 -1,
>>S1=Fl1+E3

S1 =

N6 —3x x4 +3x2"2 -1

>> expand(S1)

ans =
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N6 —3xxM+3x2"2 -1

>> simplify(S1)

ans =

("2 —1)"3

>> 52 = FE3/E1

S2 =
—(Bxz™M+2%x2"2+1)/(x"6+ 5% z2"2)
>>S3=F1—-FE3

S3 =

N6+ 3x M+ Txz 2+ 1
>>S4=FE2—-y"3+y"2—-2xy+3
S4 =

y"2 —2xy+1

>> simplify(S4)

ans =

(y—1)"2

>> simplify(S1* (x4 1)"2)

ans =

(x = 1)"3x (x+1)"5

7.2.3 Solving an equation

solve command

Example 1:

syms x;

Equation = 22+ 2% x — 8;
Solution = solve( Equation, x);
S1 = Solution(1);

S2 = Solution(2);
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Symbolic calculation

disp(’the solutions of this equation are the two roots given below: ’);

disp(S1);
disp(S2);

% After execution

the solutions of this equation are the two roots given below:

-4

Example 2:

syms x real;

S1 = solve(4 * cos(x) 4 — 2 x sin(x)"2, x)
S1=

i,/ 4

>> syms x real;

>>

solve('cos(x)"2 — 3% sin(3xx) — 3 x cos(4 x z)',x)ans =
pi/2

syms a b c x;

S2 = solve('a*x "2+ b*xx + )

S2 =

— b+ ("2 —4xaxc)"(1/2)/(2*a)

— (b= ("2 —4xaxc)1/2))/(2%a)

Example 3:

>> solve('x > 3/, x)
ans =

(3,Inf)

>> solve('x >= 3/, x)
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ans =
[3,Inf)

>> solve('z"2 > 4/, x)

ans =

Dom : Interval(2,Inf)

Dom : Interval(—Inf,—2)

>> solve('z"2 —x —6 >0, x)

ans =

Dom : Interval(—Inf,—2)

Dom : Interval(3, Inf)

Example 4:

>> solve('z"2 — 36 >= 0/, 1)

ans =

Dom : Interval([6, Inf)

Dom : Interval(—Inf,[—6])

>> solve(’2 x exp(2 x x) — 5 x exp(x) = 63')

ans =

log(7)

dsolve command

Example 1:

>> syms y;

>> dsolve('Dy + 2y =0')

ans =

C2/exp(2xt)

Solutionl = dsolve('Dy +2xy =0"y(0) =2/)
ans =

2/exp(2 x t)
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ezplot(Solutionl, [—4 2])

Symbolic calculation

xlabel ('t")
ylabel("y(t)’)
gridon
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Example 2:

>> syms y t;

>> dsolve('2 % Dy —y = —t"2 + 5 x ')

ans —

"2 —t + C2* exp(t/2)2

Solution2 = dsolve('2x Dy —y = —t"2+ 5« t') y(—1)
Solution2 =

t"2 —t + 5 exp(1)"(1/2) x exp(t/2) — 2

ezplot(Solution2, [—5 5))

xlabel ('t")

ylabel("y(t)’)
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gridon
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Example 3:
SYyms y;

Solution3 = dsolve('D2y + 0.5 xy = 0",/ y(0) = 1, Dy(0) = 0’)
Solution3 =

cos((27(1/2) x t)/2)

ezplot(Solution3, [—20 20])

xlabel('t')

ylabel("y(t)’)
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7.2.4 Evaluating symbolic expressions

subs & class & double commands

Example:

>> syms x;
>>Fl=2"2—-2%x2"2+T;
>> V1 =subs(El,z,1)
V1=

6

>> V2 = subs(E1, x,—3)
V2=

—2

>> class(V'1)

ans =

double

>> H = double(V'1)
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H =

7.2.5 Polynomial conversion
poly2sym & sym2poly commands
Example:

>> syms x;

>> poly2sym([1 — 5 7 13])

ans =

22— 5% 22+ Txx+13

>> poly2sym([2 5 — 1])

ans =

2422+ 5%z —1

>> sym2poly(z"3 — 3 x 22 + 11 xx — 9)
ans =

1-311-9

>> sym2poly(—8 x x"3 + 2 x — 5)
ans =

-802-5

7.3 Derivative and primitive of a function

7.3.1 Derivatives of a function

diff command

We can calculate higher derivatives of an expression by the function diff Example 1:

>> syms x;

>>dif f(2% 2+ 3% 23 — 5 x a2+ 21, 1) % First derivative

ans —

8xx3 +9%x 2”2 —10x%z

>>dif f(2* 24+ 3% 23— 522+ 21,2)%Second derivative
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ans =
24 % 22 4+ 18 x 210

>> syms x t;

>> f =sin(2xt) + "4

>>df =dif f(f,1)

df =

2xcos(2xt) +4xt"3

>> d6f = dif f(f,t,6)

d6f =

(—64) * sin(2 * t)

Example 2:

>> syms Ty,

dif f(cos(2*xxy),x)

ans =
(—2)xyxsin(2xx*y)

>>dif f(cos(2*xxxy),y)
ans =

(=2) xx x sin(2 x x *xy)

>>dif f(z"3 —2*xy+5,x,1)
ans =

3% x2

>>dif f(2"3 — 2%y +5,y,1)
ans =

)

>>dif f(z"3 — 2%y +5,x,3)

ans =
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7.3.2 Intgration

int command

MATLAB can calculate indefinite and definite integrals. The command to calculate an integral indefinite (an-
tiderivative) is exactly analogous to that of calculating a derivative

To calculate a definite integral, we need to specify the limits of the integration.

Remark 1:

MATLAB does not add the ”integration constant”. It simply returns an antiderivative (if possible). If the
integrand is too complicated, MATLAB just returns the unevaluated integral, and prints a warning message
Remark 2:

MATLAB has commands for estimating the value of a definite integral that cannot be calculated analytically.
Example 1:

>> syms x;

>> int(sin(z)"2,0,pi/2)

ans =

pi/4

>> int(3/8 — 1/2 % cos(2*x x) + 1/8 x cos(4 * ), 0, pi/2)

ans =

(3% pi)/16

>> int(1/(1+ 2"2),0,1)

ans =

pi/4

>>int(1/(1 4 2"2)"2,0,1)

ans =

pi/8+1/4
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Symbolic calculation

Example 2:

>> syms x;

>> int(sin(x) x cos(x) /(1 + sin(x)))
ans =

sin(x) — log(sin(x) + 1)

>> int(sin(z) * cos(z)/(1 + sin(x)),0,pi/2)
ans =

1—1log(2)

>> int(z"2 — 6 xx + 3)

ans = (z* ("2 —-9*2+9))/3

>> int(x"2 —6xx +3,1,3)

ans =

—28/3

7.4 Calculation of the limited development of a function

7.5 Limited development

7.5.1 Taylor order

Example:

>> syms x;

>> taylor(cos(x),7) %Development at order?

ans =
—276/720 + x4/24 — 2"2/2 + 1
>> taylor(sin(z)/log(l + x), 8)

ans =

(1027 % 2/°7) /120960 — (31 * 26) /2880 + (23 * 2"'5) /1440 — M 4/240 — 2/3/24 — 2"2/4 + /2 + 1

>> taylor((1/(1 — z)) — tan(z), 6)

(13 % 2"5)/15 + 2™ + (2% 2"3) /3 + "2 + 1
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>> taylor(log(1 + z2) * sqrt(1 — x),7)
ans =

(137 * 2°6) /384 + (3 % 25) /16 — (5 x 2"\4) /8 — 23 /2 + 22

7.6 Limit calculation

7.6.1 limit command

>> syms x;

>> limit((x — 7)/(z"2 — 49),7)
ans =

1/14

>> limit((x — 7) /(2”2 — 49), +inf)
ans =

0

>> limit(sin(3 * z) /tan(7 x x),0)
ans =

3/7

>> limit((sin(z) — 1) x tan(x)"2, pi/2)
ans =

—1/2

Exercise 1:
Verify if a multivariable function is the solution to a PDE, w(x,y) = sin(z)+ sin(y) a solution of the differential

equation
%u  0%u
0%x 0%

=0
solution:
>>syms x Y

>> w = sin(pi * T) + sin(pi * y)
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>>dif f(w,x,2) +dif f(w,y,2)
>> simplify(ans)
Exercise 2:

Let the following BVP be:

0%u
u(0) = u(l) = :

solution:

MATLAB does not add an integration constant, so I do it explicitly:
clear syms x C'1 C2

rl =int(—(1+z),z) + C1

r2 =int(rl,z) + C2

Exercise 3:

solving the system of equations in multiple variables

{ery =1 ,
e xy =1,
solution:

>>syms Ty

>>s=solve(x +y—1,2x2x—y—1,2,y)

>> s.x

>> 8.y



Chapter 8

Appendix:-MATLAB Installation Guide

Through the following guide, we will learn how to install version 7 of MALAB. For a successful installation,

follow the following steps:

1) A first step consists of launching the installation by double-clicking on the setup file (the file installation

of MATLAB).
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Appendix:MATLAB Installation Guide

2) Check the Install button radio and click on the Next button.
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3) Copy the activation code.
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4) Fill the Name and company fields with characters. Then, copy the activation code from the crack file (see
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previous slide) and paste it into the PLP box;

Enter nome, compony nome, ond PLP
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e
-
]
= 4

Click Next.

5) Check the Yes button and click Next.
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6) Check the Typical installation type and click Next.
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7) Specify the installation file then Click on Next;
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8) Confirm the installation and Click Next;

Demo inslallation
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Click Install,

9) Click on Skip CD 2. Then on Next on the new window that appears;

Enter next CD

(=)

10) Complete the installation by Clicking on Finish;

Click Finish.
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11) After installation, if MATLAB is displayed correctly it is good, otherwise, go to the MATLAB icon in the
desktop and click on the right you will have the menu in the figure, then click on properties. Go to the

compatibility tab, then choose Windows Vista as compatibility mode;
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12) Double click on the MATLAB icon to launch, and there you have MATLAB installed on your machine
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