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1. Introductio to Python
• Variables in Python don’t have a type designation, although the concept

of data types exists. This means that we can assign a value of any type

to a variable.

• In Python, memory is automatically freed. In other words, there is no

command to explicitly remove or deallocate an object from memory.

This is made possible by the garbage collector system, an automatic

memory management system that is part of Python's runtime system.

• A program written in Python is not compiled into the native code of the

specific computer, but is executed using another program called an

interpreter.



1. Introductio to Python 
• Python comes with a standard development environment called IDLE

(Integrated Development and Learning Environment). After launching

IDLE, you get a command line where you can enter your code. After

entering the code, pressing the Enter or Return key below the line gives

you the result of the entered code.

• Text after the symbol # is considered a comment and is not executed

when the code runs.

Figure 1. Example of adding two numbers using the IDLE Shell



2. Basic concepts
• An expression is any construct in a programming language whose

execution returns a value as a result (5 + 6 is an expression because it

gives a result, i.e., the value 11; 5 < 6 is a logical expression, whose

result in this case would be 1 or True).

• Statements do not have a defined result ( 𝑥 = 5 + 6 represents an

assignment statement). When we assign a certain value to a variable, it

remains assigned to that variable until we assign a different value to it.

Figure 2. Calling the value of x from a module petplusses.py



2. Basic concepts 
• The function print is used to output the result of any expressions..

Figure 3. Uses of the print command for different
data types

Math is a built-in Python module

that provides mathematical

functions and constants. The

most commonly used ones are:

- math.sqrt(x);

- math.pow(x,y); 

- math.sin(x); 

- math.cos(x); 

- math.pi.



2. Basic concepts 
• NumPy (Numerical Python) is a basic package for numerical calculations.

• Pandas is a package for data processing and analysis.

Figure 4. Example of using the NumPy package

Figure 5. Example of using the Pandas package



2. Basic concepts 
• Matplotlib is the standard package for plotting graphs.

• Scikit-learn is a package for classics machine learning algorithms.

Figure 6. Example of using the matplotlib package

Figure 7. Example of using the scikit-learn package



2. Basic concepts 
• TensorFlow/PyTorch package is a deep learning package. The way to

install the package is to use the command: pip install tensorflow or pip

install torch, and an example of use is shown in Figure 8.

Figure 8. Example of using the Tensorflow package



2. Basic concepts 
• Requests – HTTP package for requests, which enables sending GET and POST

requests, authentication and working with APIs, downloading data in JSON

format and others. The way to install the package is to use the command:

pip install requests, and an example of use is shown in Figures 9 and 10.

Figure 9. Example of using the 
request package - GET request

Figure 10. Example of using the 
request package - POST request



2. Basic concepts 
• BeautifulSoup is a package that enables parsing and data extraction

from HTML and XML documents. The way to install the package is to use

the command: pip install beautifulsoup4, and an example of use is

shown in Figure 11.

Figure 11. Example of using the beautifulsoup4 package



3. Data types
• Python belongs to the group of dynamically typed programming languages,

which means that the type of a variable is not fixed at the time of

declaration.

• In Python, a variable can contain a value of any type at any time, and the

interpreter itself automatically determines the type of the variable based

on the assigned value.

Figure 12. Data type conversion example



3. Data types 
• The logical type (bool) is used to represent truth values, which can be

True or False.

• The integer type (int) is used to store whole numbers.

Figure 13. Example of logical and integer data types



3. Data types 
• The float type is used to store real numbers with a decimal part,

including exponential notation. Python provides automatic conversion

between int and float when needed.

• A complex type of data, consisting of a real and an imaginary part.

Figure 14. Example of a real and complex data type



3. Data types 
• The str type is used to store text data (strings of characters). It can be

defined with single ('...') or double ("...") quotes.

• Given that a character string is an ordered sequence of characters, its

characters can be accessed via an index, starting from zero. Strings are

immutable, which means that they cannot be changed after

declaration, but a new string must be created.

Figure 15. Example of a character data type Figure 16. Example of accessing characters via index



3. Data types 
• A list is a mutable collection of elements, which can contain different

types of data.

• Tuples are similar to lists, but they are immutable, which means that

they cannot be changed after they are created.

Figure 17. Example of the list data type Figure 18. Example of the tuple data type



3. Data types 
• A dictionary is a collection of keys and values, where each key must be

unique.

• A set is a collection of unique elements, which means that it cannot

contain duplicates.

Figure 19. Example of dic data type Figure 20. Example of set data type



4. Functions
• Standard (defined) functions - we define these functions using the

keyword def.

• Functions without parameters – a function that does not receive

parameters can simply be called by name.

Figure 21. Example of a standard function with defined Figure 22. Example of a functions without 
parameters



4. Functions
• Functions with default parameter values - if no argument is passed,

the default value is used.

• Functions with arbitrary number of arguments (*args) - allows passing

multiple arguments that are treated as tuples.

Figure 23. Functions with default parameter values Figure 24. Functions with arbitrary number     
of arguments(*args)



4. Functions
• Functions with arbitrary named arguments (**kwargs) - allows passing

named arguments as a dictionary (dict).

• Lambda (anonymous) functions - compact functions that are defined

using lambda expressions.

Figure 25. Functions with arbitrary named 
arguments(**kwargs)

Figure 26. Lambda (anonymous) functions



4. Functions
• Recursive functions - functions that call themselves

• Functions within functions (nested functions) - a function defined inside

another function.

Figure 27. Recursive functions Figure 28. Nested functions



4. Functions

Figure 29. Nested functions



4. Functions
• Functions as arguments to other functions - functions that can be

passed as arguments to other functions.

• Functions that return other functions.

Figure 30. Functions as arguments to 
other functions 

Figure 31. Functions that return 
other functions



4. Functions

Figure 32. Functions that return other functions



4. Functions
• Function generator (yield) - instead of return, they use yield to create

an iterator.

• Decorator functions - functions that change the behavior of other

functions.

Figure 33. Function generator Figure 34. Decorator functions 



5. Lists
• A list can be created using square brackets [ ], and elements within the

list are separated by commas.

• Indexing of elements within the list starts from 0.

• Elements within the list can be changed.

Figure 35. List creation; List indexing; Changing an element in a list



5. Lists 
• We can add new elements to the list, and we can remove, search and

count existing elements.

• We can sort, copy and merge lists.

Figure 36. Adding and removing elements in lists



5. Lists 

Figure 37. Searching and counting elements in lists

Figure 38. Sorting, copying and merging lists



5. Lists 
• List Comprehension (or list generation) is a way to create new lists

using a shorter and more efficient syntax compared to classic for loops.

• It is used for: generating new lists using a for loop, filtering data using

an if condition, transforming elements using an expression within a list.

Figure 39. Example of generating a list of 
numbers

Figure 40. Example of filtering a list of 
numbers



5. Lists 

Figure 41. Example of string conversion 
in the character sheet

Figure 43. Example for Nested List Comprehension

Figure 42. Example of replacing if – else in 
Sheet Comprehension



5. Lists 
• Lists are very useful in Python and are used in a variety of situations,

from data processing to working with and analyzing databases.

Figure 44. Filtering numbers; Working with text in a list, Data analysis



6. Classes
• Classes are the foundation of object-oriented programming (OOP) in

Python. They enable the organization of code into objects that contain

data (attributes) and methods (functions that work with that data).

• A class is defined using the class keyword, and objects are created from

it.

Figure 45. Example of object creation

- __init__ is a constructor that 

initializes attributes when creating 

an object;

- self indicates a reference to a class 

instance;

- show_info() returns a string with 
information about the car.



6. Classes
• Inheritance allows the creation of a new class that takes over the

properties of an existing class, thus avoiding code duplication.

Figure 46. Example of inheritance

-Car class inherits the Vehicle class, 

which means that it inherits its 

methods and attributes;

- super().__init__(brand, year) calls 

the base class constructor;

- info() method has been overridden 
and now gives more specific output.



6. Classes
• Encapsulation (Private and Protected attributes) restricts access to data

within the class, protecting it from external modification.

• Polymorphism (methods with the same name in different classes),

enables the use of the same methods in different classes with different

behavior.

Figure 47. Example of encapsulation Figure 48. Example of polymorphism



6 Classes
• Static methods do not use self and do not depend on an instance of the class.

• Class methods use cls and work with all instances of the class.

Figure 49. Example of static method and class method

-@staticmethod indicates a method 

that does not depend on the instance 

(self);

-@classmethod uses cls, which allows 

working with a class, not just an 
instance.



6. Classes
• Classes are used in a variety of applications, from web programming to

artificial intelligence and data processing.

Figure 52. Example of data processing

Figure 50. Example of defining Django Figure 51. Example of defining a neural network

Figure 53. Example of downloading data



6. Classes
• Classes are used to build video games, simulations, and reinforcement learning

systems. The most commonly used packages are Pygame, OpenAI Gym.

Figure 54. Example of creating a Pong game



6. Classes

Figure 55. Example of creating a Number 
Guessing game

Figure 56. Example of creating a Rock, Paper, 
Scissors game



7. Control commands 
• Control commands are a key element of any programming language.

Through statements such as if, elif, else, for, while, break, continue, and

pass, Python enables conditional and loop control.

Figure 57. Example of the application of branch commands



7. Control commands 
• Loops (for, while) make it possible to repeat a part of the code several

times.

Figure 59. Example of using a while loopFigure 58. Example of using a for loop



7. Control commands 
• The break statement is used to terminate a loop (either for or while)

before it has reached its normal end. When break is executed, the loop

immediately stops working, and the program moves to the command

that follows the loop.

• The continue statement is used to skip the current loop iteration and

move to the next one.

Figure 61. Example of using the break commandFigure 60. Example of using the continue command



7. Control commands 
• The pass statement is an empty statement that is used as a placeholder

in situations where syntactically Python expects some code, but nothing

is wanted to be executed. It is often used in function definitions, loops

or conditional branches that have not yet been implemented.

Figure 62. Example of using the pass command



8. Functions for graphical representation
• In Python, the Matplotlib package is most often used for data

visualization in 2D and 3D space. Matplotlib provides a simple and

flexible way to generate a wide range of graphs and charts, including 2D

and 3D data representations. In addition, for more advanced graphical

representation and interactive 3D graphics, we can use

mpl_toolkits.mplot3d, which is an extension of Matplotlib that enables

working with 3D data.

• 2D graphics are the most common and are used to visualize data in two-

dimensional space. Matplotlib provides a rich set of functionalities for

drawing line graphs, scatter graphs, histogram graphs, bar graphs and

others.



8. Functions for graphical representation 

Figure 63. Example of a line graph Figure 64. Example of a scatter graph

Figure 65. Example of a histogram Figure 66. Example of a bar graph



8. Functions for graphical representation 
• To work with 3D graphs in Python, the mpl_toolkits.mplot3d extension is

used, which allows drawing three-dimensional objects such as 3D line

graphs, scatter graphs, surface graphs, etc.

Figure 67. Example of a 3D line graph Figure 68. Example of a 3D scatter graph



8. Functions for graphical representation 

Figure 69. Example of a 3D surface graph Figure 70. Example of rotating a 3D graph



9. Graphical interface
• The graphical user interface (GUI) in Python enables the development

of applications with interactive windows, buttons, inputs and other

graphical components. In Python, there are various packages and

libraries that enable the creation of GUI applications, and the most

famous and most used are:

1. Tkinter - Basic GUI library in Python

2. PyQt – A library based on the Qt framework

3. wxPython – GUI framework, based on the wxWidgets library

4. Kivy – A library for creating GUI applications with an emphasis on

mobile devices and touch-based applications



9. Graphical interface
• Tkinter is a standard Python library for creating desktop applications. It

provides an easy way to create windows, buttons, text fields, and other

GUI elements.
Basic elements of Tkinter:

1. Tk(): Main application window

2. Label(): Displays the text

3. Button(): Creates a button

4. Entry(): Text input box

5. Canvas(): Drawing surface

6. MessageBox(): A dialog box for 
displaying messages

Figure 71. Example of using the Tkinter library



9. Graphical interface
• PyQt5 is a library based on the Qt framework, which provides greater

capabilities and flexibility.

Figure 72. Example of using the PyQt5 library (Application for user login)



9. Graphical interface
• wxPython is a library for developing a graphical user interface (GUI) in

Python. It is a Python wrapper for wxWidgets.

Figure 74. Example of using the wxPython library



9. Graphical interface
• Kivy is a library for creating GUI applications with an emphasis on

mobile devices and touch-based applications.

Figure 75. Example of using the Kivy library



9. Graphical interface
• An example of creating a GUI application that allows users to:

a) choose the shape they want to draw (circle or rectangle),

b) clicking on the canvas to draw the selected shape,

c) changes in the color of the shape,

d) empty the canvas if they want to start over,

is given in figure 76.



9. Graphical interface

Figure 76. Example of a GUI application



10. Working with files 
• Working with files in Python is very important for many applications,

from simple programs that read and write data to complex data

analysis applications. Python provides simple functions to open, read,

write and close files.

• The open() function is used to work with files in Python. It opens the

file and enables working with it.

• The syntax is: file = open('file_name', 'mode'), where 'file_name'

represents the name of the file to be opened (it can be an absolute or

relative path), and 'mode' specifies how the file will be opened.

• The most common modes are: 'r'-reading (read); 'w'-writing (write); 'a'-

adding (append); 'rb'-reading in binary format; 'wb'-writing in binary

format.



10. Working with files 
• The syntax for reading the content is

file=open(‘file_name.txt’, ‘r’)

content=file.read()

print(content)

file.close()

• The readline() method reads a single line from a file

file=open(‘file_name.txt’, ‘r’)

line=file.readline()

while line:

print(line, end=”) #end=” is for avoid empty spaces

lline=file.readline()

file.close()



10. Working with files 
• To write to the file, we use mode 'w' or 'a'. The 'w' mode deletes the

contents of the file if the file already exists, while the 'a' mode appends

new data to the end of the file.

file=open(‘file_name.txt’, ’r’)

file.write(‘this is text! \n’)

file.write(‘this is new line of text! \n’)

file.close()

• Adding content to a file:

file=open(‘file_name’, ‘r’)

file.write(‘adding new line of text in file! \n’)

file.close()



10. Working with files 
• If working with binary files, 'rb' and 'wb' modes can be used to read and

write in binary format.

file=open(‘file_name.txt’, ‘rb’)

binary_data=file.read()

print(binary_data) #print binary dana

file.close()

• Writing to a binary file:

file=open(‘new_image.jpg’, ‘wb’)

file.write(binary_data)

file.close()



10. Working with files 
• Instead of calling file.close() explicitly, we can use a with statement

that automatically closes the file when it's done working with it. This is

the better way because it ensures that the file will be closed, even if

an error occurs during processing.

with open(‘file_name.txt’, ‘r’) as file:

content=file.read()

print(content)



10. Working with files 
• An example of working with files is given in Figure 77. A program was

created that reads the contents of a text file, counts how many times a

certain word appears in the file, and then writes the number into a

new file.

Figure 77. Example of working with a file



10. Working with files 
• An example, copying content from one file to another and numbering

lines, is shown in Figure 78.

Figure 78. Example of working with a file



Exercise tasks
• Write a program that represents a simple library management system,

enabling the user to:

1) Adds books – Enters the title and author of the book into the

database;

2) Book overview – Displays all books in the database using a table;

3) Searches for books - Allows the user to search for books by title or

author;

4) Updates book information - Allows the user to change the title or

author of the selected book;

5) Delete books - Allows the user to delete a book from the database

according to its ID;

6) Exits the program – Closes the application;



Exercise tasks
• Create an application that allows adding, viewing, updating and

deleting students and their grades. Enable calculation of the average

grade and sorting of students by average. The functionalities of the

application are:

1) Adding a student (name, surname);

2) Adding grades to the student;

3) Display of all students with averages;

4) Updating grades;

5) Deleting a student;

6) Sorting by average;



Exercise tasks
• Write a program that allows the user to calculate the area and volume for

different geometric shapes. The program uses Python and mathematical

functions from the math library to calculate areas and perimeters of

shapes such as: circle, rectangle, triangle, trapezoid and parallelogram.

• Write a program that allows the user to calculate the area and volume of

basic geometric shapes through a GUI graphic application.

• Write a program that allows users to draw free lines on the graphics

canvas using the mouse. When the user clicks on the canvas (left mouse

click), the initial coordinates (where he clicked) are remembered. When

the user drags the mouse while holding down the left click, a line is

drawn from the point where they previously clicked to the current mouse

position. Each drawn line segment should connect the previous and

current coordinates, creating a continuous line.
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