1|Page

%

D |
H N
Rd d

University of Biskra
Faculty of sciences and technology
Department of industrial chemistry

2"d year process engineering

Dr Khaled ATHMANI

khaled.athmani@univ-biskra.dz

Informatics 03

2024/2025

Dr Khaled Athmani



Contents

Contents
Contents
O 6313 (o7 L1 o1 5 o) s OO PSPPSRSO 5
2 PWOI- Introduction to Matlab...........cooiiiiiiiiiii e 7
2.1  Start MATLAB on Windows Platforms...........cccceoiiiiiiiiiiiiiiiceeeeeeee e 7
2.2 Fundamental MATLAB CIaSSES .....cc.eerutiiiiiiiiiieeiie ettt sttt 8
2.3 Creating MATLAB variables.........c.ccoovuiiiiiiieiiie ettt e eesasee e 9
2.4 ArithmetiC OPEIAtOrS. ...c.cuieiuieeiiieiiieetteeiie ettt ettt et et e et estee et e esteesbeesaeesnbeesseesnneens 10
2.5 LOZICAL OPEIALOTS ...ccuviiiiiieiieitiitt ettt ettt sttt ettt et st sa et saeesbe e e 10
2.6 Relational OPerators.........cecieriieriieiiiieriieetee sttt et et e st esteeeabeesteesbeesaeesnbeesseeenseens 11
2.7 Mathematical fUNCHONS ......c.eeiiiiiiiiiiieiie ettt et 11
2.7.1 APPIHALION: ...eiiiiiieeiee ettt e e e e s e e et e e e e e eabeeeraeeenraeerneeen 12
2.8 MEFILE SCIIPLS.ccuuiiiiiieiieeiieetieeit ettt ettt te et e e b e e s saeesbeestaeesbeessaesnsaessseesseesssennsaens 12
3 PW 02- Input and output data...........coceeeeiieriiiiiiieiieeiieeee ettt eaeesere b e seneeneens 13
TR B 101 SRR 14
N 117 b SRRSO 14
LD 1T er o1 5 [ ) s DRSS 14
|25 S 111 0] (<SSR 14
SOTULION. ...ttt ettt ettt e bt et e bt st e e bt e esaeeaees 14
3.2 Output: diSplaying OULPUL......cccuvieeiiieeiieeeiie et e e e ee e e eaaee e 15
3.2.1 | o U PRUUPRRRPSPRRRTI 15
R TN § ) 4 1L PRSPPI 15
323 ] 05 1L TSR 18
3.3 EXCICISE: ittt ettt ettt ettt et h et h bbbt et ettt nb et eaeeaes 18
3.4 IMPOTt & EXPOTt dal....eiiiiiiiiiiieiieeie ettt ettt ettt enb e 18
341 EXPOTt data..c.eiiiiiieiiiie ettt et et aee e 18
342 TMPOTE AALA .....iiiiiiiiiieee ettt ettt aee e 19
3.5 REIEIENCES ..ttt et 19
4 PW 03- Vectors and MAIICES ...cc.eeveruierierierieeieeieeitesteete sttt sttt et sttt eatesbe e eaee e 20
2|Page

Dr Khaled Athmani



Contents

o Vo] 1 ) SRR 20
I (0 ) A Te] 1 ) SRS 20
4.2.1 L2514 0] § 162 L 1] USRS 20
N 70 U0 ) s SRR 21
4.2.3  TINSPACE veeeevieeiiieeiiiee ettt e ettt e et e e et e e e e e e e te e e et ee e e beeeesbaeeanbee e abeeeabeeenaeeenraeenseeennns 21
4.3 COIUMIN VECTOTS ..eeitieiieiiiietieeiit ettt ettt ettt e st e bt e et e et e eabeesbeeeabeesbeesabeesaeeenbeesseesnseans 22
R\ -1 1 4 1o OO PP PTUSRPRRP 22
441 EXPLCIE LISTuuiiiiiiiiieiiieiie ettt ettt ettt et ete et eesb e e saesabeesaeesnseessnesnseens 22
4.4.2  SPECIAl MALTICES ...eeruviiiiieiiieiiieeieeriee ettt et e st e e e e steeebeestaeesbeessaesseesseeenseesssesnsaens 22
4.43  Mathematical OPErationS.........cceevvuievuierieeiiieriieiieenteeiteeseeereesreesseessreesseesssesnseens 22
4.4.4  Addition and SUDITACTION: .......ecueiriirieriieie ettt 23
4.4.5  MUltPIICATION. ...cuiiiiieiieeiiecie ettt ettt et e ebe et eebeesaeeesseessaesseesssessseenssesnsaens 23
44,6 MALIIX IIVETSE ..euveenteeuteriieteeiieetteteeitesteeteeiteetee st eatesteenseessesseentesntesaeenseeneenseensesnsenne 23
4.477  TransSpoSE VECLOT OF MALIIX ...veeevrerureeireerireeireesieeeseesseeeseesseeesseesssessseesssessseesssessseens 24
4.4.8  length and SIZ€ Of AITAY ......eeiiieciieiiieiieie ettt ae s 24
449  MatrixX determmiNaNt......c.ceruieiirtieiieieriiete ettt sttt et st esee et et e e et saee e 25
4.5 REIETEICES ...eeieuiieiiieiie ettt ettt ettt et ebe e bt e e bt e teeenbeesabeenbeesneeenneens 25
5  PW 04- Control flow in MATLAB .....oooiiiiieee e 26
5.1  Conditional StateMENTS ........cc.eeiiiiiiiiiiieiieeie ettt sttt 26
0 0 | OO OO SO SOUPOEUP PSPPI 26
5.1.2  Relational and 10gical OPErators..........cocuerierieriiniieiieiierieeeeeee e 27
5.1.3 0 EXCMPIE ottt 28
S 14 SWILCH ottt et 28
T 5710 o O PO 29
5201 0T ettt b ettt st 29
522 WHILEceiiii et 30
5.3 REIEIENCES ..ttt ettt sttt 31
6 PW 05- Basics of plotting in Matlab ...........ccceeeiiiiiiiieniiieeieceeeeeee e 32
T S o1 [ ] ST 32
(TN 11 - SRR 32
6.2.1 Specify Line Style, Color, and Marker ............ccccveeviieeiieeniieecieceee e 33
3|Page

Dr Khaled Athmani



Contents

6.2.2  Add Title and AXiS Labels ......c.cooiiiiiiiiiiiiieeeee e 33

0.2.3 A LIEEENA ... .ociieeieiieeee et es 34

0.3 EXETCISE OL: ..ottt ettt ettt et ettt e eaee e 34

0.4 EXETCISE 02 ...ttt ettt ettt et e st e et e h b e bt enat e et e et e et e e eaee e 35

0.5 RETETEICES ...eeiutieiieitie ettt ettt ettt et e st et e e 35

7T PW 06- Matlab fUNCIONS......couiiiiiiiiieiieeieeiie ettt st e st seae et 36

8 T 111 1015 10 | OO OSSPSR 36

7.1.1 N 4L D QPRSP RRTSR 36

T 1.2 DESCIIPLION ....vieiieeiiieeiieeteeeiieeteeeeteeteeeteeteeesseessaesaseessaeasseesseesnsaesseeesseesseenseenssennns 36

7.2 EXEICISE: weeutieuteuietteie ettt et ettt e et e et e bt e et e sa et e e st e e bt e bt ea e e st e et enteeh e e bt et e enee bt et e eneents 36

7.3 SOIULION ..ttt ettt et sttt ettt ettt et eneees 37

T4 RELEIEICES . ..eeuiiiiieiteee ettt sttt sttt et sbe e et e s 37

8 HOMEWOTK (3 POINES) ...uviiiiieiiieiieiieeieeeie et ete et e et et estaeebeesaseebeessaeesseessaeesseessseenseensseenns 38

8.1 EXEICISE 01 (1PES)uiieiieiieeiiieiieeiieeieeet e et e ettt e ettt eeveesbeeesbeesseesaseeseeesseensaesnsaennseenne 38

8.2 EXEICISE 02 (1PES)ureeurieiieeiiieiieeiieeieeeteerteeeteeteesiveeteesabeeaeessseenseeseseeseessseenssesnseensseenne 38

8.3 EXEICISE 03 (1 PLS)iieeiieiiieeiiieiieeiieeieeete et ettt eve et e sbeesteeesbeesseesaseeseeesseensaesnsaensseenns 39

8.4 EXErciSe 02 SOIULION ...ccuviiiiieiieiiieeiie ettt ettt et e st aeeeabeesseeenbeeeaeeenne 40

8.5 EXErCiSe 03 SOIULION ...oouviiiiiiiieiiieeiie ettt ettt sttt e e aee e 41

O TSt 01 (10 POINES ) .ueiieiiieiieeiieeiie ettt et ettt et e et e bt e et esete et e esaeeenbeesseesnseenneeenseesssesnseens 42

9.1  Test 01 SOIUtion (10 POINLS)..c..eeeeieriieiieriieeiieeie ettt ettt ettt st e s ebeesaeeene 44
4|Page

Dr Khaled Athmani



Introduction

1 Introduction

This course, designed for second-year process engineering students, focuses on building practical
MATLAB skills through a series of hands-on sessions. The course is structured to introduce
students to key programming concepts in MATLAB, starting from the basics and gradually

progressing to more advanced topics that are crucial for solving engineering problems.

Course Structure:

e PWO1 - Introduction to MATLAB: This session will familiarize students with the
MATLAB environment, basic commands, and the structure of a MATLAB script.

e  PWO02 - Input and Output Data: Students will learn how to handle data input and output,

which is essential for reading, processing, and exporting information within MATLAB.

e PWO03 - Vectors and Matrices: This session covers the creation and manipulation of
vectors and matrices, fundamental structures in MATLAB used in engineering

calculations.

e PWO04 - Control Flow in MATLAB: Students will be introduced to loops, conditionals,
and other control flow mechanisms, enabling them to write more efficient and dynamic

programs.

e PWO0S5 - Basics of Plotting in MATLAB: This session focuses on visualizing data using
MATLAB’s powerful plotting functions, helping students create meaningful graphs for

data analysis.

o PW06 - MATLAB Functions: The final session teaches how to create and use functions,

allowing students to structure their code efficiently for complex problem-solving.
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Introduction

The aim of this course is to equip students with the foundational MATLAB programming skills
necessary for solving process engineering problems. By the end of the course, students will be able

to:

1. Navigate the MATLAB environment and utilize its basic functionalities.

2. Manipulate data through vectors, matrices, and control flow structures.

3. Implement plotting techniques to visualize and analyze engineering data.

4. Develop MATLAB functions to solve specific engineering challenges.

This course will empower students with the tools to effectively use MATLAB in their future

academic and professional endeavors.
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2 PWO0I1- Introduction to Matlab

The most common technical computing environment is Matlab. It is a modern programming
language and has extensive uses in engineering computing. The name MATLAB is derived from

the term MATrix LABoratory.

Through this tutorial and through a learning-by-doing approach, students will attain the following

objectives:

e Become familiar with the Matlab interface.

e Do a few simple calculations.

2.1 Start MATLAB on Windows Platforms
By double-clicking on the MATLAB shortcut icon, you will open MATLAB. The principal tools
found on the Matlab desktop are:

The Command Window
The Command History
The Workspace

The Current Folder

AN NN N

The Help Browser
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PWO1- Introduction to Matlab

4\ MATLAB R2016a

SHORTCUTS
New Variable Analyze Code (0} Praferences. ) .
'{_lF' - L Find Files. \% E = L @ @ (% @ (% communty
= [} Open Variable = {7 Run and Time (5 Set Path
New MNew Open |{|Compare Import  Save = Simuink  Layout Add-Ons  Help = Request Support
Seript v v Data Workspace [/ Clear Workspace v (77 Clear Commands v > il paratel = - -
FILE | VARIABLE | CODE | simMuLINg | ENVIRONMENT | RESOURCES
apEA » C: b Program Files b MATLAB » R2016a » bin » - 0
Current Folder [GM Command Window [O}f Workspace @
Name = >> a=5 Name Value
miregistry == 5
registry {H ans -7
util a= b 12
winfd
[=] deploytool.bat
[ Icdataxml 5
[ tedataxsd
[ ledata_utf8ocml
4\ matlab.exe
>> b=-12
[=] mbuild.bat
[E] mecbat
%‘mex‘bat b =
mes.pl
& mecext bat Command History ®
[ mexsetup.pm 15
| | mexutils.pm $—— 9/25/2023 4:25 PM ——%
rmw_mpiexec.bat -5
=] warker.bat o 24D a=
b=-12
a+b
ans =
=1
f>> |
Details ~

2.2 Fundamental MATLAB Classes

Matlab provides many different data types, or classes. There are 17 fundamental classes in

MATLAB:

Matrix or Array Scalar
(full or sparse)
function
logical string char numeric table call struct handle (@)

Vv'| Istr] |[c|h {} [|-E g

int8, uints, single double
intlé, uintlé,
int32, uint32,
int64, uint6d

Whos lists the current variables and their sizes and types.
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>> x=single(15)

>> whos x
Name  Size
X Ix1

>>x=15

>> whos x
Name  Size

X 1x1

Bytes Class

4 single

Bytes Class

& double

Attributes

Attributes

2.3 Creating MATLAB variables

PWO1- Introduction to Matlab

MATLAB variables are created with an assignment statement. The syntax of variable assignment

1S:

variable name = a value (or an expression)

For example,
>> X = expression
ans =

expression
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PWO1- Introduction to Matlab

Matlab displays intermediate results of the variable x, you can suppress the display of intermediate

results by adding a semicolon (;) at the end of the x expression .

2.4 Arithmetic Operators

Symbol Role
+ Addition
- Subtraction
J Element-wise multiplication
* Matrix multiplication
-/ Element-wise right division
/ Matrix right division
A Element-wise power
A Matrix power
: Transpose
2.5 Logical Operators
Symbol Role More Information
& Find logical AND and
| Find logical OR or
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PWO1- Introduction to Matlab

2.6 Relational Operators

Symbol Role
== Equal to
~= Not equal to
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to

2.7 Mathematical functions

Matlab library includes a list of mathematical functions, the common functions are presented in

this table:
cos (x) Cosine log (%) Natural logarithm
sin (x) Sine log10(x) Common logarithm
tan (x) Tangent abs (x) Absolute value
acos (x)  Arccosine sign (x) Signum function
asin (x)  Arcsine max(x) Maximum value
atan (x)  Arctangent min(x) Minimum value
exp (x) Exponential | rem (x) Remainder after division
sqrt (x) Square root
11| Page
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PWO1- Introduction to Matlab

2.7.1 Appliation:

Using MATLAB, find the value of y in the following problem:
0)x =1,y =exp(x)

02)a=9,b= -2,x=25y=a+bx
03)a=1,b=6.33,x =19,y = (a + x) (b sin(x))

04)x =+/b,b=314+In(a),a=314,y=a+b +x

2
05)y =2 a=23b=%x=a+b

2.8 M-File Scripts
A MATLARB script is a plain text file with a .m extension that contains a sequence of MATLAB

commands.
You can create a blank script by Ctrl+N.

Exemple 02:

Consider the following problem:
_(a+b)? a
- ox a= 9

Find the solution y?

Write all the required operations on a script file and run it.

References
e Houcque, David. Introduction to MATLAB for Engineering Students. Northwestern University,
2005.

o MathWorks. MATLAB Official Website. Available at:
https://www.mathworks.com/?s_tid=gn logo (Accessed: 17 March 2025).
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3 PW 02- Input and output data

Handling input and output data is a fundamental aspect of programming. Input refers to the data
that a program receives from external sources, such as user input, files, or network connections,
while output is the data that a program generates and sends to external destinations, such as

displays, files, or other systems.

Through this tutorial and through a learning-by-doing approach, students will attain the following

objectives:

e Prompt the user for input to an M-file program.
e Display output using the disp function.
e Create formatted output using fprintf and sprintf.

e Import and export files using load and save functions.

In MATLAB programming, input data can be provided to a program through various means, and

INPUT PROGRAM OUTPUT

FUNCTION FILE

SCRIPT FILE

COMMAND WINDOW
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PW 02- Input and output data

the output is generated after the code is executed. MATLAB allows you to work with both scripts

and functions, and you can interact with the command window for quick testing and exploration.

3.1 Input:

Request user input.

Syntax:
X = input(prompt)

txt = input(prompt,’s’), prompt="message’

Description

e x = input(prompt) displays the text in prompt and waits for the user to input a value and press
the Enter key. The user can enter expressions, like pi/4, and can use variables in the workspace.

e txt=input(prompt,"s") returns the entered text, without evaluating the input as an expression.

o Ifthe user presses the Enter key without entering anything, then input returns an empty matrix.

e When running a script or function, function input() can be used to request a user input data at

the command window.

Exemple:
01) Request a numeric input, and then multiply it by 5.

02) Request a simple text (your name).

Solution
01)
clear
cle

x=input(‘enter the value of x')
y=5%x

02)
clear
clc
x=input(‘ enter your name’, ‘s’)
your name
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PW 02- Input and output data

3.2 Output: displaying output
3.2.1 Disp
Display value of variable

Syntax

disp(x)
Description

disp(x) displays the value of variable x without printing the variable name. Another way to

display a variable is to type its name, which displays a leading ‘x=" before the value.

Example

01) Create a variable with numbers (your birth year) and display it using disp().
02) Display “Hello world”.

Solution

01)
clear
clc
x=2003;
dip(x)

02)
clear
clc
x="Hello world’

disp(x)

3.2.2 fprintf
Write data to text file

Syntax

fprintf(formatSpec,Al,...,An)

15|Page
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PW 02- Input and output data

Description

fprintf(formatSpec,Al,...,An) formats data and displays the results on the screen.
Al,...,An : elements of arrays.

Formatting Operator

A formatting operator starts with a percent sign, %, and ends with a conversion character.

% 350-12.5bu

Identifier 4| |— Conversion character

Flags Subtype
Field width Precision
Field Width

Minimum number of characters to print.
Precision

Number of digits to the right of the decimal point.
Conversion Character

This table shows conversion characters to format numeric and character data as text

Value Type Conversion
Integer, signed %d or %i
Integer, unsigned %u
Floating-point number %f

Fixed-point notation (Use a precision operator to specify the
number of digits after the decimal point.)

%e

Exponential notation, such as 3.141593e+00 (Use a precision

operator to specify the number of digits after the decimal point.)

Characters or strings %c: Single character.

%s: Character vector or string array.
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PW 02- Input and output data

%¢4.2f in the formatSpec input specifies that the first value in each line of output is a floating-point

number with a field width of four digits, including two digits after the decimal point.

Exemple:

1) Print the value of x, where x=2023.
2) Print the value of x with two digits after the decimal point, where x=11,8827.

3) Print ‘Hello world’.
Solution
1)
clear; clc
x=2023; fprintf(‘x = %d \n’, x)
2)
clear; clc;
x=11,8827;
fprintf(* x = %5.2f” \n,x)
3)
clear; clc;
x="Hello world’
fprinff(*%s \n’,x)
or
clear; clc;
fprinff(‘Hello world \n”)

\n is a control character that starts a new line.
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Dr Khaled Athmani



PW 02- Input and output data

3.2.3 sprintf

Format data into string or character vector.
The sprintf function is similar to fprintf, but fprintf prints to a file or to the Command Window.

3.3 Exercise:
Write a code that prompts the user to specify the radius and height of the cylinder. It then uses
the formula for the volume of a cylinder to calculate the result and displays it with five digits

after the decimal point.

The volume of a cylinder can be calculated using the following formula:

A
V =nr?h
h cylinder
Where:
"r" is the radius of the base of the cylinder. v
<« >
"h" is the height of the cylinder. r

3.4 Import & export dat
3.4.1 Export data

Matlab allows saving the data from the workspace to an external file.
save

Save variables from workspace to file

Syntax

save(filename)

Description

Save(filename) saves all variables from the current workspace in a binary MATLAB® file

(MAT-file) named filename.

Exemple

You can save the results of your last code (cylinder volume) in an external file as:

18| Page
Dr Khaled Athmani



PW 02- Input and output data

write at the end of your code:

save(‘pw 02”)

3.4.2 Import data

Matlab allows getting the data from an external file to the workspace.
Load

Load variables from file into workspace

Syntax

load(filename)

Description

load(filename) loads data from filename into the MATLAB® workspace.

Exemple
You can load the data of ‘pw 02.mat’ as:

Write on the command widow:

clear; clc;

load(‘pw 02.mat”)

3.5 References

o MathWorks. MATLAB Official Website. Available at:
https://www.mathworks.com/?s_tid=gn_logo (Accessed: 17 March 2025).

e Sheikh, Usman Ullah, Mokji, Musa Mohd, et al. Input and Output Data. UTM.
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4 PW 03- Vectors and matrices

Vectors and matrices are fundamental mathematical concepts that play a crucial role in engineering
for various reasons: representation of data, linear Algebra (solving engineering problems),

numerical simulations and optimization.

Through this tutorial and through a learning-by-doing approach, students will attain the following

objectives:

e Learn to create vectors and matrices in MATLAB.
e Learn to perform essential mathematical operations involving vectors and matrices,
including addition, subtraction, scalar multiplication, and other fundamental

manipulations.

4.1 Vectors
4.2 Row vector
4.2.1 Explicit list

You can create a vector by enclosing the elements in square brackets:
x=[12345678910]

or

x=[1,2,3,4,5,6,7.,8,91,0]

Commas are optional.
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PW 03- Vectors and matrices

4.2.2 colon:

Description

The colon is one of the most useful operators in MATLAB. It can create vectors.

Syntax
X = Xo:Xf (Create Unit-Spaced Vector)
x = Xo:Ax:x;  (Create Vector with Specified Increment)

Examples:

01) Create a unit-spaced vector of numbers between 1 and 8. The colon operator uses a default
increment of +1.

02) Create a vector whose elements increment by 0.1.
Solutions

01)
clear; clc
x=1:8
02) Let’s consider the vector x, its first and last values are: x, = 2 and x; = 3.2.

clear; clc

x=2:0.1:3.2

4.2.3 linspace

Generate linearly spaced vector
Syntax

x = linspace(xy, xf,n)

Description

x = linspace(xy, xf, n) generates n points. The spacing between the points is xi __fo
Exemple
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PW 03- Vectors and matrices

Use linspace to generate this vector: x=2:0.1:3.2.
This vector is used in the previous exemple.
Solution

clear; clc

x=linspace(2,3.2,13)

4.3 Column vectors
Explicit list
x=[1;-5;9;-2;7]

Transposing a row vector
x=[1-59-277 note that : x’=transpose(x)

4.4 Matrices
4.4.1 Explicit list

To create a matrix that has multiple rows, separate the rows with semicolons.
A=[1-2-5;423,100]

4.4.2 Special matrices

Another way to create a matrix is to use a function, such as ones and zeros.

A=zeros(2,2)

_[0 0

A=l ol
B=ones(3.2)

1 1

B=|1 1

1 1

4.4.3 Mathematical Operations

We have the folwing matrices:

A:[%) %)] 32[7—1 %3]
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4.4.4 Addition and subtraction:

A+B
ans =
8 4
15
A-B
ans =
6 0
1 -5

4.4.5 Multiplication

PW 03- Vectors and matrices

We can multiply 4 by Bonly if the number of columns of 4 is equal to the number of rows of B.

Exemple
A*B
ans =
5 12
0 O

4.4.6 Matrix inverse

C = inv(B) computes the inverse of square matrix B.

B! is equivalent to inv(B).

Exemple

inv(B)
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PW 03- Vectors and matrices

ans =
0.1351 -0.0541
0.0270 0.1892

4.4.7 Transpose vector or matrix

C=A. or C=transpose(A) : returns the nonconjugate transpose of A.
Exemple
transpose(a)

ans =

4.4.8 length and size of array

length(x) : returns the length of the largest array dimension in x.

size(x) :returns a row vector whose elements are the lengths of the corresponding dimensions

of x.

Exemple:
_[7 2
B = [—1 5]
length(b)

ans =

2

size(b)

ans =
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PW 03- Vectors and matrices

4.4.9 Matrix determinant

d = det(A) returns the determinant of square matrix A.
Exemple

det(B)

ans =

37

4.5 References
MathWorks. MATLAB Official Website. Available at:
https://www.mathworks.com/?s_tid=gn_logo (Accessed: 17 March 2025).
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5 PW 04- Control flow in MATLAB

Control flow in MATLAB is essential for directing the execution of your code. It allows you to
make decisions, repeat actions, and handle errors. MATLAB provides several control flow

structures, including: the if statement, the for loop, the while loop, and the switch statement.

Through this tutorial and through a learning-by-doing approach, students will attain the following

objectives:

e Learn how to use if-else statements for decision-making in MATLAB code.

e Master the usage of loops, including 'for' and 'while' loops, for efficient repetition and

iteration in MATLAB.

5.1 Conditional Statements
To determine which block of code to execute at run time, use if or switch conditional statements.
5.1.1 if

Execute statements if condition is true, MATLAB supports the variants of “if” construct:

if expression if expression if expression
statements statements statements
end else elseif expression

statements statements

end else
statements

end
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PW 04- Control flow in MATLAB

5.1.2 Relational and logical operators

Relational and logical operators in MATLAB are used to perform comparisons and logical
operations on variables and expressions. These operators are essential for controlling the flow of
your code and making decisions. The commonly used relational and logical operators in

MATLAB are presented in the following tables:

Relational Operators

Symbol Role
== Equal to
~= Not equal to
> Greater than
>= Greater than or equal to
< Less than
<= Less than or equal to
Logical Operators
Symbol Role More Information
& Find logical AND and
| Find logical OR or
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5.1.3 Exemple
Write a MATLAB script that classifies the type of flow, including the transitional case, based on

a known Reynolds number. Your script should:
Define a variable Re and assign a known Reynolds number value to it.
Use conditional statements to classify the type of flow based on the value of "Re:

e IfReis less than 2,000, display "Laminar Flow."
e IfReis between 2,000 and 4,000 (transitional range), display "Transitional Flow."

e IfRe is equal to or greater than 4,000, display "Turbulent Flow."
Test your script with different known Reynolds numbers to classify the type of flow.
Solution

clear; clc
Re=100;
if Re<1000
disp('Laminar Flow');
elseif Re>=4000
disp('Turbulent Flow');
else
disp('Transitional Flow');

end

5.1.4 Switch

Execute one of several groups of statements, its syntax is:
switch switch_expression
case case_expression
statements

casc case_expression
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statements

otherwise
statements
end

5.2 Loops:
MATLAB provides for and while loops for repeating a block of code.

5.2.1 for

for loop to repeat specified number of times, its syntax is:
for index = values
statements
end
Exemple:
write a MATLAB program to find the factorial of 10 using for loop.
Solution

clear
clc

f=1;
for j=1:10
f=f*73;

end
fprintf ('The factorial of 10 is %d ', f)
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5.2.2 while

while loop to repeat when condition is true, its syntax is:
while expression
statements
end
Exemple
Write a MATLAB program to find the factorial of 10 using while loop.
Solution:

clear
clc

j=1;
f=1;
while 3<=10

f=£f*73;
J=j+1;

end
fprintf ('The factorial of 10 is %d ', f)
Exercise:
Use if and for loop to generate the matrix A
1 0 -5
0 1 0
-5

0 1

A=
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5.3 References

e Computer Engineering Department, Faculty of Engineering, Al-Mustansiriyah University.
Control Flow in MATLAB.

o MathWorks. MATLAB Official Website. Available at:
https://www.mathworks.com/?s_tid=gn_logo (Accessed: 17 March 2025)..
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6 PW 05- Basics of plotting in Matlab

Plotting is of paramount importance in engineering due to its role in data visualization, analysis,
and communication. Engineers use plots to understand complex data, make informed decisions,

troubleshoot issues, validate models, optimize designs, and ensure safety and quality.

Through this tutorial and through a learning-by-doing approach, students will attain the following

objectives:

e Learn to create clear and visually appealing plots in MATLAB.
e Learn how to configure and enhance plots using functions for labeling, including xlabel

and ylabel, and adding legends.

6.1 plot
2-D line plot

6.2 Syntax
plot(x,y)

plot(x,y,LineSpec)
plot(X1,Y1,LineSpecl,...,.Xn,Yn,LineSpecn)
plot(x,y) creates a 2-D line plot of the data in y versus the corresponding values in x.

To plot a set of coordinates connected by line segments, specify x and y as vectors of the same

length.
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To plot multiple sets of coordinates on the same set of axes, specify at least one of x or y as a

matrix.
plot(X,Y,LineSpec) creates the plot using the specified line style, marker, and color.

6.2.1 Specify Line Style, Color, and Marker

Line style, marker, and color, specified as a string scalar or character vector containing symbols:

nn Solid line
" Dashed line
" Dotted line

"o" Circle
4" Plus sign
e Asterisk

"blackH "k"
"red" Hrll
"blue" Hb"

To learn more about line style, color, and marker settings, visit this site:
https://www.mathworks.com/help/matlab/ref/plot.html

6.2.2 Add Title and Axis Labels
You can add a title and axis labels by using the title, xlabel, and ylabel functions:

title(‘plot title')
xlabel(‘x-axis’)
ylabel(‘y-axis’)
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6.2.3 Add legend
To add legend to axes use the function legend. Legend function creates a legend with descriptive

labels for each plotted data series.
legend(labell,...,labelN)

6.3 Exercise 01:
01) Open MATLAB and create a new script file.
02) Define time and velocity vectors for two cars with different accelerations. Use the

following data:
t(s)=[012345678910]
vli(m/s)=[022456121417 18 18]
v2(m/s)=[047101014 1620 18 16 15]

03) Create a single plot that includes both cars data using the plot function.
04) Add a title to this graph.

05) Add axis labels to the graph using the xlabel and the ylabel functions.
06) Add a legend to distinguish between Car 1 and Car 2.

07) Specify that "v1" should be plotted as a blue line.

08) Specify that "v2" should be plotted as a red circle.
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At the end You will get this graph:

car velocity

a4

20

18 | ©
—car i

16+ 2 ear2 o o

127

6.4 Exercise 02
01) Open MATLAB and create a new script file.
02) Plot the function f=x*exp(-x) over the range 0.1 to 2 with an increment of 0.1.
03) Add a title, axis labels, and a legend to the graph.
04) Specify that the curve should be plotted as a dashed black line.

6.5 References

o MathWorks. MATLAB Official Website. Available at:

https://www.mathworks.com/?s_tid=gn_logo (Accessed: 17 March 2025).
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7 PW 06- Matlab functions

In MATLAB, you can create functions to encapsulate a specific piece of code for reuse. Functions

in MATLAB are defined in separate files with a .m extension.

Through this tutorial and through a learning-by-doing approach, students will attain the following

objective:
¢ Gain proficiency in creating and using MATLAB functions.

7.1 function

Declare function name, inputs, and output

7.1.1 Syntax
function [yl.,...,yN] = myfun(x1,...,xM)

7.1.2  Description
function [yl,...,yN] = myfun(xl,...,xM) declares a function named myfun that accepts inputs

x1,...,xM and returns outputs y1,...,yN.

In a function file which contains only function definitions. The name of the file must match the

name of the first function in the file.

7.2 Exercise:
Write a function with input parameters x and n that evaluates the nth order Taylor approximation

of exp(x).
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X X2 x3
ex:Z—:1+x+? +— +

Test it for x=3 and n=5, 10 and 15.

Where exp(3)=20.0855.

Homework

3!

Write a script that calls the function for various values of n and plots the error in the approximation.

7.3 Solution

Create a new script and write the following:

function [y]=Taylorexp (n, x)

y=1;

for j=1:n
y=y+x~j/factorial (j) ;

end

Save this script with the name Taylorexp.

In the command window type:

y= Taylorexp(x,n)

7.4 References

o MathWorks. MATLAB Official Website. Available at:

https://www.mathworks.com/?s_tid=gn logo (Accessed: 17 March 2025)
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& Homework (3 points)

8.1 Exercise 01 (1pts):
Write a MATLAB code that includes a for loop to calculate and print the values of s; with three

digits after the decimal point at each iteration, where:
j=1[34567], S,= 10.123456, S;= So+j
Solution:

8.2 Exercise 02 (1pts)
Write a Matlab program to compute the solution of a quadratic equation. check whether a = 0, to

prevent a division by zero.

Solution:
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8.3 Exercise 03 (1 pts):

The probability density function of the random variable T described by the normal distribution is
given as

FO) = e
t) = e 20
2no

u=0; o=1;
1 Write a program to compute and display the values of T and f(t) over the range (—3,3)
with step 0.01 .
2 Plot a graph of f(t), consider the following:

e write the text 'The probability density function of the normal distribution ' as a title on top
of the graph.

e label the x-axis as t

e label the y-axis as f(t).

Solution:
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8.4 Exercise 02 solution

Method 1:

>>vy = zeros(20,1);
>>y(1)=1;

>>forn =2:20
>>form = 1mn

>> temp = temp + m”3;
>>end

>>y(n) = y(n-1)*temp;
>>temp =0

>>end

Method 2 (avoids inner loop):

>>y = zeros(20,1);
>>y(1) = 1;
>> for n = 2:20

>>temp = 1:n;

>>y(n) = y(n-1)*sum(temp.”3);

>>end

Method 3 (avoids both the loops):

>> X = tril(ones(20)*diag(1:20));

>>x =sum(X."3,2);

>>Y = tril(ones(20)*diag(x))+ ...
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triu(ones(20)) — eye(20);

>>y = prod(Y,2)

8.5 Exercise 03 solution

m = 0; % mean of probability distribution
s = 1; % standard deviation

=-3:0.01: 3; % random variable
T £=1/(sqrt(2*pi)*s) * exp(-0.5*(t-m)."2/s"2); plot(t, 1),
title('The probability density function of the normal distribution');
xlabel('t"),
ylabel('f(t)")

grid disp([t' f']) %display a table
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Duration: 1.20 Name: ...oovveeeeiae e,

Course: Informatics 3 Group: ..o,

9 Test 01 (10 points)

Q1(1.25 pts): Type the function y into MATLAB to calculate its value and print it with three digits
after the decimal point, where:

Can Alaldll aay o8 ) EO el Gy e e 5 Lgtiadd ol Jaf (e BBl iy A1) s
a=1,b=633,x=19,y = (a® +V x) (b sin(x))

Q2 (1 pts): Using Matlab, create the vector A by three different techniques, where:
i Adliae 30k O A g ledll oLl a8 Ol alaaiul

A=[78910 11]

Q3 (0.5 pts): Which commands are used to clear the workspace and command window in
MATLAB?:

command window s workspace ssal a3t Al al Y ale

Q4 (0.5 pts): Which functions help you to save and load files:
CHAL 36l i 5 mia e aels 4 Jl sl ke
Tosave: ......ocooeven cinins Toload: .........cooeiiiiiiinnt.
QS5 (1 pts): Executing in the command window the following code returns.
: 22« command window (o8 (U zeali ) i
C=[122;356]
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Q6 (0.75 pts) What functions in MATLAB are used to calculate the matrix inverse, matrix
transpose, and matrix determinant.

Inverse: ...l Transpose: .......cccevvvennn... Determinant: ......................

Q7 (2.5 pts): Write a program that inputs any two numbers (which may be equal) and displays the

larger one with a suitable message, if they are equal, displays a message to that effect:

LAS 130 ¢ danin Al lenial e Lagia 3l s LiS) 33ny o (o sbosie B sSs () (Sa) e JUa3) (bl (5311 el 33 i

Q8 (2.5 pts) Write a Matlab program to compute the value of the following function
A A A a3 el S
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yn) = 13(13+23)(13+23+3%)...(13+23+ ..+ n?) forn=11t0 20

9.1 Test 01 solution (10 points)

Q1(1.25 pts): Type the function y into MATLAB to calculate its value and print it with three digits
after the decimal point, where:

Can Alaldll aay o8 ) EO gl Gy Leia e 5 Lgtiadd s Jaf (e Bl iy A1) Cas
a=1,b=6.33,x=19,y = (a® +V x) (b sin(x))
a=1; b=6.33; x=19; y=(a"3 + sqrt(x)) *b*sin(x) ;  0.75pts
fprintf('y = %4.31,y) 0.5pts
Q2 (1 pts): Using Matlab, create the vector A by three different techniques, where:

i Adlide 3k GO A g ledll oLl a8 Ol alaatiuly

A=[7891011]
02)A=[7891011] 0.25pts 02) A=7:11 0.25pts 03) linspace(7,11,5) 0.5pts

Q3 (0.5 pts): Which commands are used to clear the workspace and command window in
MATLAB?:

command window s workspace sl axiui Al el Y1 ale
01) clear 0.25pts 02) cle 0.25pts
Q4 (0.5 pts): Which functions help you to save and load files:
CHAL 36l i 5 mia e aels 4 Jl sl ale
To save: save(‘filename’)  0.25pts To load: load(‘filename’) 0.25pts
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QS (1 pts): Executing in the command window the following code returns.
: b ¢ command window (58 G el ) i

C=[122;3506]
C=

122

356 0.5pts
length(C)
ans=3 0.25pts
size(C)
ans=2 3 0.25pts

Q6 (0.75 pts) What functions in MATLAB are used to calculate the matrix inverse, matrix
transpose, and matrix determinant.

Inverse: inv 0.25pts Transpose: transpose 0.25pts Determinant: det 0.25pts

Q7 (2.5 pts): Write a program that inputs any two numbers (which may be equal) and displays the

larger one with a suitable message, if they are equal, displays a message to that effect:

LAS 130 ¢ i sy lgnial e Lagia 35 581 a3y o (o sbosin B sS () (Sae) e Ja3) by (530 el 53 i

clear; clc 0.25pts
x = input('Enter the first number (x): '); 0.25pts
y = input ('Enter the second number (x) '); 0.25pts

if (x>y)  lpts

disp('larger is: x'); 0.25pts
elseif (y>x)

disp('larger is: y'); 0.25pts

else

disp ('Equal numbers'); 0.25pts
end
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Q8 (2.5 pts) Write a Matlab program to compute the value of the following function
A Al L laad ULe grali g i

y(n) = 13(13+23)(13+23+3%)..(13+23+ ..+nd forn=1 to 20
Clear; clc 0.25pts
y=1; 0.25pts
for §J=2:20 0.25pts

f=1; 0.25pts

for k=2:7 0.5pts

f=f+k"3 ; 0.25pts
end
y=y*f; 0.5pts

end
disp(y) 0.25pts

46 |Page
2024/2023



