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Programming Laguanges
● We have seen that the programming languages may be classified as (not only 

but...):
− Declarative 

● Logic
● Functional 

− Imperative
● Procedural 
● Object-Oriented

● Python  is imperative and both procedural and object-oriented  



Programming languages
● We may classify programming languages also as 

dynamic typing or static typing and  strong and weak e 
typing 

● Weak and dynamic typing, example using Perl:

● Python dynamic and strong typing



The Python interpreter

● Python can be found ready for use on both Linux and Mac OS X. For Windows 
you can easily find the binaries at the following URL: http://python.org/

● Many modules (libraries) available, in our case some useful / interesting: 
numpy, matplotlib and pystat

● python 2.x vs python 3.x, we will use python 3.x version 2.x has been now 
dismissed.



The Python interpreter

To exit press CTRL-D or type exit()  



The Python interpreter

Another possibility is simply to write the source in an ASCII file and then:
$ python file.py   



The Python interpreter
Using an IDE: VSCode



Or Jupyter 
 As a web application in which you can create and share documents that 

contain live code, equations, visualizations as well as text, the Jupyter 
Notebook is one of the ideal tools to help you to gain the data science skills 
you need.



Or Jupyter 
 



Or Jupyter 
Also using an IDE: VSCode



Or Colab 
 

Let’s start  



Or Colab



HELLO WORLD!



Hello world
● The classic program used to illustrate the syntactic basics of any 

programming language



HELLO WORLD 2



Hello world



PYTHON BASICS



Python Basics
● Let's see a simple code that allows us to illustrate some of the basic features 

of python syntax:
− I can add comments using the # character
− = is used to assign values to variables
− To do operations between numbers and variables I can use the usual 

operators +, -, *, /



Python Basics
● Let's see a simple code that allows us to illustrate some of the basic features 

of python syntax:
− == is the operator that server compare values
− The logical operators are instead: and, or, not
− The + operator can also be used to concatenate strings



Python Basics
● Let's see a simple code that allows us to illustrate some of the basic features 

of python syntax:
− print is the basic command used to print on the screen
− Variables do not need to be explicitly declared the first time that 

I assign a value the variable is created and given a type



Python Basics



Python Basics
● There is no end-of-line character, if a line of code has to be broken on several 

lines, use \
● Python 2 By default the numbers are integers so z = 5/2 will give as a result 

2



IF … THEN … ELSE



If … then … else
INSERT NUMBER I
IF I LOWER THEN 0
    PRINT “il numero è minore di zero”
ELSE IF I EQUAL TO 0
    PRINT “Il numero è uguale a zero”
ELSE
    PRINT “Il numero è maggiore di zero”
ENDIF



If … then … else

● To identify blocks of code in python, empty spaces are used, not 
for example the {} as in C / C ++



If … then … else
● You can use eval()



LOOPS



Loops

SET N TO 0
SET n TO 0
Repeat the following:
    a.  If n >= 10, terminate the repetition, 
         otherwise.
    b.  Increment N by n
    c.  PRINT n
PRINT N



Loops
● To identify blocks of code in python, empty spaces are used, not for example 

the {} as in C / C ++
● Python is case sensitive



Loops
● To identify blocks of code in python, empty spaces are used, not for example 

the {} as in C / C ++
● Python is case sensitive



EXAMPLE



Example of a numerical procedure
It is possible to find an algorithm to solve almost any problems, but not all. For 
example, calculate the solutions of a second-order equation:

INPUT  A, B, C
COMPUTE D = (B*B)-(4 * A * C)
IF D >= 0.0 
  SOL1 = (-1,0 * B + SQRT(D)) / (2,0 * A)
  SOL2 = (-1,0 * B - SQRT(D)) / (2,0 * A)
  PRINT SOL1 AND SOL2
ELSE
  PRINT “non ci sono soluzioni reali” 



Example of a numerical procedure



Example of a numerical procedure



EXERCISE 1



EXERCISE 1
Write a program in python that reads 10 numbers, after it calculates the average 
value and prints the result



BREAK



Break
The usually syntactically nested break in a for loop or while, ends the nearest 
loop, skipping the optional else clause if the loop has one.



Break and nested loops



Break and nested loops



RANDOM NUMBER



Random Number
●  Pseudo Random vs Random

○ while true; do cat /dev/random | od -vAn -N2 -tu; done



Random Number
Standard libraries, like Python's random module, use PRNGs (specifically, the 
Mersenne Twister algorithm).



Random Number
Standard libraries, like Python's random module, use PRNGs (specifically, the 
Mersenne Twister algorithm).



Random Number



EXERCISE 2



Exercise 2
Write a program that generates a random number R between 0 and 20 
and asks to the user to guess the number with a maximum of 10 
attempts. Each time the program will simply writes if the number 
inserted is greater or less than R. Clearly if the inserted number is equal 
to  the generated R random number the program will exit



Pseudocode
GENERATE A RANDOM NUMBER rnd

Repeat the following:
    INPUT b 
    IF b IS EQUAL TO rnd

    PRINT “well done” 
    BREAK
ELSE IF b < rnd
    PRINT “inserted number is too small”
ELSE
    PRINT “inserted number is too big”

    ENDIF



Contents

● Brief introduction to programming languages and computer complexity
○ Python  
○ Python data structures and more



Data structures

● Data structures allow to organize data in order to make their 
use and their handling more efficient

● We will see in particular strings, lists, tuples, dictionaries 
and the sets.

● We will only see the minimum bases useful to carry out basic 
exercises



COMPLEX NUMBERS



Complex numbers
A complex number is a number that can be expressed in the form a + ib, where a 
and b are real numbers, and i is a solution of the equation x2 = −1. Because no 
real number satisfies this equation, i is called an imaginary number.



Complex numbers
● Complex numbers are intrinsically defined in python



Complex numbers
● Complex numbers and the type function type() function is mostly used for 

debugging purposes. Two different types of arguments can be passed to type() 
function, single and three argument. If single argument type(obj) is passed, it 
returns the type of given object. 



STRINGS



Strings
● A string is a sequence of characters, in python there are several methods / 

operations useful for the manipulation of strings, a string in general can 
be seen as an array of characters

● Operations between strings 



Strings
● Extract sub-strings, strings are arrays of characters  



Strings : delimiter
● : is the delimiter of the slice syntax to 'slice out' sub-parts in sequences , 

[start:end]
● [1:5] is equivalent to "from 1 to 5" (5 not included)
● [1:] is equivalent to "1 to end"
● [:-2] from “begin to -2” -2 not included



Strings
Extract sub-strings, strings 
are arrays of characters  



Strings
String’s class in python has several methods
● find() It determines if string str occurs in string, or in a substring of string if 

starting index beg and ending index end are given.



Strings
● split() method returns a list of strings after breaking the given string by the 

specified separator.



LISTS



Lists
● List is a collection which is ordered and changeable. Allows duplicate 

members.



Lists
● Lists are ordered sequences of objects, many basic operations are in common 

with strings



Lists
● Lists are ordered sequences of objects, many basic operations are in common 

with strings



Lists
Lists are ordered sequences of objects, many basic operations are in common 
with strings, but remember:

A string does not support 
item assignment

 



Lists

Lists have many methods we will see only the most important
● list.append(elem) -- adds a single element to the end of the list.
● list.insert(index, elem) -- inserts the element at the given index, 

shifting elements to the right.
● list.extend(list2) adds the elements in list2 to the end of the list. 



Lists
Lists adding elements



Lists
Lists adding elements



Lists
Lists adding elements



Lists
Remove elements from a list
1. remove removes the first matching value, not a specific index



Lists
Remove elements from a list
● del removes the item at a specific index



Lists
Remove elements from a list
1. pop removes the item at a specific index and returns it



Lists
List has a sort method 



TUPLES



Tuples
Python tuples are very similar to lists but their manipulation is faster since they 
are "immutable"



Tuples
Python tuples are very similar to lists but their manipulation is faster since they 
are "immutable"



Tuples
But I can not modify a value 



But...
But a tuples element can be a mutable one so...



DICTIONARY



Dictionary
A dictionary is a sequence of elements, each element is a pair key : value. 
The keys are unique and dictionaries are created using {



Dictionary
A dictionary is a sequence of elements, each element is a pair key : value. 
The keys are unique and dictionaries are created using {



Dictionary
We can check if a key is present or not easily 



Dictionary
We can check if a value is present or not easily 



Dictionary
dict.items() returns of the dictionary a list of tuples



Dizionari



Dizionari
clear(): removes all items  

pop():  removes and returns element having given key 

del statement removes the given item from the dictionary. If given key is not present 
in dictionary then it will throw KeyError.



PYTHON SOME DETAILS ABOUT MEMORY 
MANAGEMENT



Reference
When I declare a variable I am asking for a certain amount of memory

● In python, the assignment operation manipulates the references, so x = y does 
not create a copy of the data contained in y, but simply creates a reference to 
y, that is x will point to y



Reference
When I write x = 4 we allocate the memory space necessary to contain 
the integer 4 and then we "stored the address of the" (created the 
reference to) the memory location in x



Reference

What really happens when increment x?
● The interpreter retrieves the value contained in the memory address to which x refers
● The result of the 3 + 1 operation is calculated and the result is stored in a new memory 

location
● You change the reference in x, x will now refer to the new address in memory where the 

value 4 is stored
● Python has a garbage collector that eliminates free all the memory allocated when there 

are no more names referring to the memory areas in question



EXECISE MATRIX MULTIPLICATION



Matrix
I can use a list of lists to store a matrix in a simple way



Matrix multiplication

The product is defined only for 
matrices with compatible 
dimensions



Moltiplicazione matrice matrice



Matrix Multiplication
Write a program that given two 3x3 arrays filled with random numbers computes 
and prints the result of the  matrix multiplication



Matrix multiplication simple algorithm
    Input: matrices A and B
    Let C be a new matrix of the appropriate size
    For i from 0 to n-1:
        For j from 0 to p-1:
            Let sum = 0
            For k from 0 to m-1:
                Set sum = sum + Aik × Bkj
            Set Cij = sum
    Return C



Matrix multiplication simple algorithm



Matrix multiplication simple algorithm



Matrix multiplication simple algorithm



NumPy: The Foundation



NumPy Numerical Python) is the core library for scientific 

computing in Python. It provides a high-performance 

multidimensional array object, and tools for working with 

these arrays.

Contiguous Memory: Unlike Python lists, NumPy's 

ndarray stores elements in contiguous memory blocks.

Blazing Fast: Written partially in C, NumPy executes 

numerical operations up to 50x faster than standard 

Python lists.

Homogeneous Data: All elements in a NumPy array 

must be of the exact same data type (e.g., all floats or 

all integers).

What is NumPy?



Standard Initialization
The most common way to create a NumPy array is by 

converting a standard Python list using np.array().

Built-in Generators
NumPy provides extremely efficient built-in functions to 

generate arrays filled with specific patterns.

import as

# From a standard Python list
= 1 2 3 4 5

= array

print
# Output: [1 2 3 4 5]

print type
# Output: 

# Array of exactly ten 0s
= zeros 10

# Array from 0 to 9 (like Python range)
= arange 10

# 5 evenly spaced numbers between 0 and 1
= linspace 0 1 5

# [0. 0.25 0.5 0.75 1. ]

Creating Arrays



NumPy's true power lies in its ability to handle N-dimensional data structures effortlessly.

Use arr.ndim to get the number of dimensions, and arr.shape to get a tuple 

representing the size of each dimension.

1D Array (Vector)
A single line of values. Useful 

for simple time series or 

sequential data.

2D Array (Matrix)
Rows and columns. The 

foundation of tabular data, 

images (grayscale), and linear 

algebra.

3D Array (Tensor)
A "stack" of matrices. Used 

extensively for RGB images, 

video frames, and deep 

learning.

Array Dimensions & Shapes



The Power of Vectorization

No More "For Loops"

In standard Python, adding two lists together concatenates 

them. If you want to add their mathematical elements 

together, you must write a slow for loop.

NumPy allows Vectorization: performing mathematical 

operations on entire arrays simultaneously at C-level 

speeds.

= array 1 2 3
= array 4 5 6

# Element-wise addition
print + # [5 7 9]

# Scalar multiplication
print * 10 # [10 20 30]

# Universal Functions (ufuncs)printsin# Applies Sine to all



Basic Slicing (1D & 2D)
NumPy slicing syntax follows Python's standard 

[start:stop:step] mechanism, but scales to multiple 

dimensions.

Boolean Masking
A powerful feature where you filter an array using 

conditional logic, returning only the elements that 

evaluate to True.

= arange 10
# [0 1 2 3 4 5 6 7 8 9]

# Grab elements from index 2 to 5
print 2 5 # [2 3 4]

# 2D Array Slicing [row, col]
= array 1 2 3 4 5 6

print 0 1 3 # [2 3]

= array 15 4 8 22 7

# Create a mask of booleans
= > 10

print
# [True False False True False]

# Apply the mask
print # [15 22]

# Shorthand notation
print < 10 # [4 8 7]

Indexing and Slicing



50x
FASTER EXECUTION

Why is it so fast?
When processing massive datasets, standard Python lists fail 

because they store memory addresses pointing to scattered objects 

in RAM.

CBackend: NumPy core operations are written in highly 

optimized C code.

Locality of Reference: Data is stored in contiguous, unbroken 

blocks of memory.

SIMD Instructions: Modern CPUs process vectorized NumPy 

arrays in parallel hardware tracks.

Unmatched Performance



From Built-in I/O to Pandas



















Example file  I/O using colab







Functions & Subroutines



In many older programming languages, Functions and Subroutines are distinct concepts. Python simplifies this by using a 

single, unified architecture.

Subroutines

A sequence of instructions designed to perform a 

specific action, like printing to the console, writing to a 

file, or modifying global state.

In Python: It's just a function that does not possess an 

explicit return statement. By default, Python silently 

returns None at the end.

Functions

A sequence of instructions designed to calculate and 

return data. It takes inputs (arguments), processes 

them, and outputs a new value.

In Python: This uses the exact same syntax, but requires 

an explicit return keyword to pass data back to the 

caller.

The Python Approach



Both functions and subroutines are implemented using the 

def keyword. They follow a strict indentation block 

structure.

# A typical Python Function
def calculate_area

"""Returns the area of a rectangle."""
= *

return

# Calling the function
= calculate_area 5 10

print # Output: 50

def: The keyword indicating a definition.

Parameters: Local variables passed in.

Docstring: Triple-quotes describing the block.

Anatomy of a Definition



Optional Arguments

You can assign a default value to a parameter using the 

assignment operator (=) in the function definition. If the caller 

skips it, Python uses the default.

The Golden Rule

In Python, non-default arguments cannot follow default 

arguments. All parameters with default values must be placed 

at the end of the parameter list.

def greet ="Welcome!"
print f"Hello {name}, {msg}"

# Skipping the second argument:
greet "Alice"
# Hello Alice, Welcome!

# Overriding the default:
greet "Bob" "Good morning!"
# Hello Bob, Good morning!

def create_user ="user"
pass

def create_user ="user"
pass

Default Parameter Values



When a variable is called, Python searches for its value by looking outward through four specific layers of scope Data 

Locality).

Local (L)
Variables defined inside 

the current function. 

These are isolated and 

destroyed when the 

function finishes running.

Enclosing (E)
Variables defined inside 

any enclosing functions 

(relevant when you nest 

functions inside other 

functions).

Global (G)
Variables defined at the 

top-level of a 

module/script. Accessible 

from anywhere within that 

specific file.

Built-in (B)
Pre-assigned names 

inherent to Python itself 

(like print, len, or 

Exception).

The LEGB Rule



Local Shadowing

If you create a local variable with the same name as a global 

one, it "shadows" (hides) the global one inside the function.

The global Keyword

To intentionally modify a global variable from inside a local 

function scope, use the global keyword.

= 10 # Global Scope

def my_func
= 5 # Local Scope (shadows global)

print "Inside:"

my_func # Prints: Inside: 5
print "Outside:" # Prints: Outside: 10

= 0

def increment
global

+= 1

increment
increment
print # Prints: 2

Scope in Action



Returning Multiple Values
Python's Secret Weapon: Tuples

Unlike Java or C, Python functions can seemingly return multiple 

variables at once separated by commas.

However, under the hood, Python is performing a trick called Tuple 

Packing. It bundles all the requested values into a single immutable 

Tuple object, returns that one object, and relies on the caller to unpack it.

def get_user_info
= "Alice"

= 30
= "Admin"

# Looks like returning 3 things...
# Actually returning ONE tuple: ("Alice", 30, "Admin")
return



x, y = get()
ASSIGNMENT • EXPANSION

Catching the Output
When calling a function that returns multiple packed values, you can 

use Tuple Unpacking to instantly map the outputs back into 

individual variables in a single line of code.

# Call the function from the previous slide
= get_user_info

print # Prints: Alice
print # Prints: 30

# Rule: The number of variables on the left
# MUST perfectly match the size of the returned tuple.

Tuple Unpacking



Fibonacci & Recursion



The Fibonacci sequence is a famous series of numbers 

where each number is the sum of the two preceding ones, 

starting from 0 and 1.

Natural Design: It describes the spiral arrangement of 

leaves, pinecones, and even the shape of galaxies.

The Golden Ratio: As the sequence progresses, the 

ratio of successive numbers approaches exactly 1.618.

The Fibonacci Sequence



To translate a pattern into code, we must first define it using strict mathematical logic.

The Base Cases

Every sequence needs a starting point. For Fibonacci, 

we must explicitly define the first two numbers because 

they have no predecessors to sum together.

The Recursive Step

Once the base cases are established, any number in the 

sequence ( ) can be calculated by referencing the 

previous steps.

The Mathematical Definition



Enter Recursion
A programming concept where a function solves a problem by 

calling itself.



In computer science, recursion occurs when a function 

calls itself during its execution. It solves a large problem by 

breaking it down into smaller, identical problems.

The Base Case: The absolute most critical part. The 

function must have a condition where it stops calling 

itself, otherwise it will crash the program Stack 

Overflow).

The Recursive Case: The part where the function calls 

itself, inching slightly closer to the Base Case with each 

iteration.

What is a Recursive Function?



def fibo(n): # 1. The Base Case if n == 0 or n == 1: return n # 2. The 
Recursive Case else: return fibo(n - 1) + fibo(n - 2) # Calculate the 10th 

number if __name__ == "__main__": print(fibo(10)) # Output: 55 Breaking Down the Logic
Notice how perfectly the Python code mirrors the 

mathematical formula.

def fibo
# 1. The Base Case
if == 0 or == 1

return

# 2. The Recursive Case
else

return fibo - 1 + fibo - 2

# Calculate the 10th number
if == "__main__"

print fibo 10 # Output: 55

The `if` statement acts as our safety net. When the 

sequence finally trickles down to 0 or 1, it hands the raw 

number back up the chain without calling the function 

again.

The `else` statement is where the magic happens. To 

find fibo(10), it must pause and ask for fibo(9) and 

fibo(8. It cannot return an answer until those inner 

queries resolve.

The Python Implementation



The Call Tree
Visualizing Execution

When you run fibo(4, the computer does not instantly know the 

answer. It builds a branching tree of function calls.

The tree branches outwards until every single tip hits a Base 

Case 0 or 1, at which point all the numbers bubble back up the 

tree to be added together.

fibo(4) evaluates to:
fibo(3) + fibo(2)

Which expands to:
(fibo(2) + fibo(1)) + (fibo(1) + fibo(0))



O(2n)
EXPONENTIAL TIME

The Redundant Calculation Problem
While the recursive code is beautiful and short, it is dangerously 

inefficient for large numbers.

Look back at the call tree. To calculate fibo(4, the computer 

calculated fibo(2) twice. It recalculated the exact same math 

independently.

For fibo(10), the function runs about 109 times. But for fibo(50), it 

will run over 20 Billion times, likely freezing your computer!

The Danger of Naive Recursion



First-Class Functions
Storing callable behaviors inside Python data structures like Dictionaries 

and Lists to build elegant, dynamic logic.



In Python, functions are first-class objects. This is a 

fundamental concept that separates Python from many 

older, stricter languages.

Memory Allocation: When you write def my_func():, you 

are creating an object in memory, just like typing x = 5.

Variable Assignment: You can assign a function to a 

new variable name.

Data Structures: Functions can be packed into lists, 

passed as arguments, or used as values inside a 

dictionary.

Functions are Objects



Before we can store functions, we need to create them. Here, we define four simple, isolated mathematical operations.

Division & Multiplication Addition & Subtraction

def divido
return /

def moltiplico
return *

def sommo
return +

def sottraggo
return -

Step 1: Defining the Behaviors



Step 2: The Dispatcher 
Dictionary
The Core Concept

Now we map string commands to our function objects inside a 

dictionary. This is known as the Dispatcher Pattern.

# Map string keys to function objects
=

"/"
"*"
"+"
"-"

Crucial Detail: Notice we wrote divido, NOT divido(). 

We are storing a reference to the function in 

memory, we are not executing it yet!



We can now build a dynamic master function. It accepts a 

list of values, a scalar, and a string representing the 

operation we want to perform.

def opera =2.0 ="/"
=

for in
# 1. Lookup: operazioni[c]
# 2. Execute: (v, d)

=

append

return

Lookup: operazioni[c] retrieves the correct function 

object from the dictionary based on the string.

Execution: The (v, d) immediately following it executes 

that retrieved function with our arguments.

Step 3: Applying the Logic



The Input Data

We establish our target array and run the function using its 

default arguments (c="/" and d=2.0.

Dynamic Overrides

By passing different arguments, we seamlessly hot-swap the 

underlying mathematical behavior.

= 1.0 3.5 5.6 7.8
print
# [1.0, 3.5, 5.6, 7.8]

print opera
# [0.5, 1.75, 2.8, 3.9]

# Override the divisor (d = 3.0)
print opera 3.0
# [0.333, 1.166, 1.866, 2.6]

# Override the operation (c = "+")
print opera ="+"
# [3.0, 5.5, 7.6, 9.8]

Step 4: Execution & Output



Modular Programming



A module is simply a file containing Python statements and 

definitions. It is the building block of large-scale 

applications.Reusability: Write complex logic once, and reuse it 

across dozens of different scripts.

Organization: Break massive monolithic programs into 

small, logical, manageable files.

Namespace Protection: Keep variables and function 

names isolated so they don't accidentally clash with 

code in other files.

What is a Module?



Creating a module requires no special syntax. Simply save your Python code in a file with a .py extension.

1. The Definition

Create a file named math_tools.py.

2. The Execution

In a separate file (e.g., main.py), load the module using the import 

keyword.

# File: 

math_tools.py
de

f

ad

dretur

n

+

de

f

multipl

yretur

n

*

= 3.1415

9

# File: 

main.pyimpor

t
# Access elements using "dot 

notation"= ad

d

5 3
prin

t

# Output: 

8
prin

t

# Output: 

3.14159

Creating and Using a Module



Importing Specific Elements

The from ... import ... Statement

Often, you don't need an entire module. You only need one 

specific function or variable.

By specifying exactly what to import, you bring those elements 

directly into your current namespace. This eliminates the need to 

use "dot notation" when calling them.

# Extract exactly what we need
from import

# Call 'add' directly without 'math_tools.'
= add 10 5

print # Output: 15

print # Output: 3.14159



You can rename modules and elements at the time of import. This is crucial for avoiding name collisions or shortening 

lengthy module names.

Aliasing Whole Modules

Standard practice in data science is to abbreviate heavy library 

names to keep code clean.

Aliasing Specific Elements

If you import a function that shares a name with a variable you 

already have, alias it to prevent a crash.

# Rename the module to 

'pd'impor

t

a

simpor

t

a

s
# Use the alias for dot 

notation= DataFram

e= arra

y

1 2

# Assume we already have an 'add' 

functionde

f

ad

dprin

t

"Local 

function"
# Alias the imported function to resolve 

conflictfro

m

impor

t

a

s
= math_ad

d

5 5

Aliasing: The as Keyword



When you execute import my_module, Python searches for 

that file through a specific, ordered list of directories known 

as sys.path.

Current Directory: Python first looks in the exact folder 

where your running script is located.

PYTHONPATH It then checks directories defined in 

your OS environment variables.

Standard Library: Next, it checks the built-in installation 

directory.

Site-Packages: Finally, it checks where third-party 

packages (installed via pip) live.

How Python Finds Modules



Standard Library
Python's "Batteries Included" 

philosophy. Hundreds of 

powerful modules (like math, os, 

datetime, json) are pre-installed 

and ready to import instantly.

Third-Party
Over 400,000 packages exist on 

PyPI. You download them via the 

terminal (pip install requests), 

then import them into your code 

just like standard modules.

Custom Modules
The files you write yourself. 

Grouping related functions into 

your own custom modules is the 

first step toward building 

professional, scalable 

applications.

The Module Ecosystem



Python Classes & Objects



A class is a blueprint for creating objects. It defines the 

structure and behavior of a concept before any real 

instances of that concept exist in memory.

The Blueprint Class The generic definition of an 

"Atom". It dictates that an atom will have a symbol, 

coordinates, and a color.

The Instance Object A specific, tangible version of 

that class built in memory. (e.g., A specific Oxygen atom 

at coordinates X, Y, Z.

Encapsulation: Classes bundle data 

Variables/Attributes) and behavior Functions/Methods) 

into one single entity.

What is a Class?



The foundation of a Python class is the constructor. It tells Python exactly how to build a new object when requested.

The __init__ Method The Magic of self

The __init__ function is automatically called when you create a 

new atom. It accepts parameters like at, x, y.

The self variable is critical. It refers to the specific instance being 

created. By typing self.simbolo = at, we are attaching the 

provided symbol directly to that individual object's memory 

space.

class atom object
# The Constructor
def __init__ self

# Setting internal attributes
self =
self =
self = 0.0
self = 1.0 1.0 1.0

The Blueprint: class atom



Objects shouldn't just hold data; they should manage how that data is accessed and modified. This is done through 

"Methods" (functions inside a class).

Getter Methods
Methods like get_radius(self) provide safe, 

read-only access to an object's internal state 

without exposing the raw variables directly.

Setter Methods
Methods like set_color(self, r, g, b) allow 

controlled updates to internal data. In 

production, these often include validation 

checks.

The self Link
Notice every method requires self as the first 

parameter. This guarantees the method is 

modifying this specific atom, not another 

atom elsewhere in the code.

de

f

get_radiu

s

sel

fretur

n

sel

f

de

f

set_colo

r

sel

fsel

f

=

Methods & Encapsulation



By default, if you type print(my_atom), Python will print a 

generic, ugly memory address like <__main__.atom object at 

0x7f...>.

We can override this behavior using Magic Methods 

Dunder methods), specifically __repr__ Representation) or 

__str__.

In the code provided, __repr__ intercepts the print 

command and calls the custom get_str() method to 

output beautifully formatted text instead.

# Custom string formatting method
def get_str self

return '%s %10.4f %10.4f %10.4f' %
self
self 0
self 1
self 2

# Magic method: Overloads printing
def __repr__ self

return self get_str

Overloading Built-in Behavior



Composition: class molecule

Building Complexity

Object-Oriented Programming shines when we combine simple 

objects to create complex ones. This is called Composition. A 

Molecule is simply an object that contains a list of Atom objects.

When printing the molecule, its __repr__ method uses a loop to ask every 

atom inside its list to print itself!

class molecule object
def __init__ self ="noname"

self =
# The list holding our atom objects!
self =

def add_atom self
self append



H2O
OBJECT INSTANTIATION

Putting it all together
We instantiate our objects, build the relationships, and print the final 

structure.

# 1. Instantiate the Atom Objects (The Blueprint becomes reality)
= atom 'H' 0.0 0.0 0.0
= atom 'H' 0.0 0.0 1.0
= atom 'O' 0.0 1.0 0.0

# 2. Instantiate the Molecule Object
= molecule "H2O"

# 3. Add the Atoms to the Molecule (Composition)
add_atom
add_atom
add_atom

# 4. Watch the overloaded __repr__ methods do the formatting
print

Executing the Physics



Importing our mol.py module and building the molecule: The resulting Terminal Output:

import

# 1. Create the 

molecule= molecule "metano

"
# 2. Add Carbon and Hydrogen 

atomsadd_ato

m

ato

m

"C

"

3.87

5

0.67

8

-8.41

7add_ato

m

ato

m

"H

"

3.80

0

1.69

0

-8.07

6add_ato

m

ato

m

"H

"

4.90

7

0.41

0

-8.51

6add_ato

m

ato

m

"H

"

3.40

6

0.02

6

-7.71

1add_ato

m

ato

m

"H

"

3.38

9

0.58

3

-9.36

6
# 3. Print the resulting 

objectprin

t
# Note: m1 = m creates a reference, not a 

copy!# Modifying m1 will modify 

m.

The Magic of __repr__: Notice how calling print(m) automatically 

cascades. The Molecule formats its header, then loops through its 

internal list, asking each Atom object to format its own coordinates!

Putting it to Work: Methane (CH₄)



MONTECARLO  APPROACH









Define the Domain
 Establish the mathematical bounds of possible inputs for 
the problem (the "hypothetical population").

Generate Random Inputs
 Create a vast sequence of random numbers drawn 
precisely from the defined probability distribution over the 
domain.

Perform Computation
 Execute a deterministic calculation on every single 
randomly generated input (e.g., testing if a point falls 
inside a geometric shape).

Aggregate the Results
 Combine all the individual calculations into a final 
statistical tally to estimate the unknown parameter.

The 4-Step Methodology



As the sequence of random numbers grows, the statistical estimate fluctuates less wildly and securely 
converges upon the true deterministic parameter of the population.

Visualizing Convergence



Quantitative Finance
Used extensively to model the 
unpredictable behavior of financial 
markets, assessing portfolio risks, 
and pricing complex derivative 
options under immense 
uncertainty.

Physical Sciences
Essential in particle physics for 
modeling radiation transport, 
simulating the behavior of 
subatomic particles, and 
predicting quantum mechanical 
fluid dynamics.

Engineering Reliability
Engineers apply Monte Carlo 
simulations to test the structural 
integrity of bridges and aircraft 
by subjecting mathematical 
models to millions of random, 
simulated stress factors.

Broad Industry Applications



The Power of Randomness
Transforming Calculus into Arithmetic.

The brilliance of the Monte Carlo approach is its ability to bypass 
impossibly complex analytical mathematics.

Instead of attempting to calculate exact, multi-dimensional 
deterministic equations—which can take supercomputers years to 
solve—we simply harness raw computational speed to throw millions 
of random numbers at the problem.

By shifting our perspective from absolute calculation to statistical 
estimation, we unlock rapid, highly accurate solutions across every 
field of modern science.



MONTECARLO  PI ESTIMATION



Compute PI using MC methos











MONTECARLO TO COMPUTE AN INTEGRAL



The Calculus Problem



Method 1: Average Value (Statistical)
The Mean Value Theorem for Integrals states that a definite integral can be 
expressed as the width of the interval (b - a) multiplied by the average value of 
the function over that interval.



Method 1: Average Value (Statistical)

● This is the most common and robust way to perform Monte Carlo 
integration. It relies on the statistical concept of the Expected Value.

● The Mean Value Theorem for Integrals states that a definite integral 
can be expressed as the width of the interval (b - a) multiplied by the 
average value of the function over that interval.





Method 1: Average Value (Statistical)
If we pick a random variable X that is uniformly distributed over the interval 
[a, b], its probability density function is p(x) = 1/{b-a}. The expected value of 
our function f(X) is:



Method 1: Average Value (Statistical)



Method 1: Average Value (Statistical)



Method 1: Average Value (Statistical)













EXERCISE 



Exercise
Write a program to represent the cos function in the interval -5.0 < x < 5.0


