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Introduction to Python

The very first steps
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How to read these slides

e [] = Reference, source (if not present, source can be embedded in text or images)
e QO = Advanced topics
o = terminal (Powershell/bash/etc) commands

®  print("Hello World!") = Python statements
° | print("Ciao!") ] = File with Python statements
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The 5 Ws

e What Python is an interpreted high-level programming language for general-purpose programming
e When

o First release in 1991
o  Python 2 released in 2000 (now EOL)
o Python 3 released in 2008

e Who Firstly developed by Guido van Rossum, now managed by the Python Software Foundation

(Steering Council and through PEPs) %

import this

# The Zen of Python, by Tim Peters
# ™
# Beautiful is better than ugly. P t h O n
# Explicit is better than implicit.

#...

print("Hello World!")

# Hello World!
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https://youtu.be/GfH4QL4VqJ0?si=9KAHCF6Zr8m9-dBs&t=4595
https://peps.python.org/pep-0000/#introduction

The 5 Ws

e Where

o  Scientific computing
o Machine learning

o  Rapid prototyping

o  Databases

o  Front/Back-end

o  Control language/Scripting
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The 5 Ws

Excellent readability (therefore, reusability and maintainability)
Developer productivity: easy to learn and use

Rich third-party libraries

Portable across OSs and architectures

Great integration with other languages
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/

T LEARNED IT LAST
NIGHT! EVERYTHING
15 SO SIMPLE !

|

HELLO WORLD 15 JusT
print "Hello, world!"

I DUNNO...
DYNAMIC TYPING?
WHITEGPACE?

COME JOIN US!
PROGRAMMING
IS FUN AGAIN!
IT'S A WHOLE
NEW WORLD
WP HERE!

BUT HOW ARE
YOU FLYING?

/
I JUST TYPED

import ontigrauity

THATS 1T? /

... T ALSO SAMPLED
EVERYHING IN THE
MEDICINE (PBINET
FOR COMPARISON.

[

RBUT I THINK THIS

1S THE PYTHON.
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https://pypl.github.io/PYPL.html
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Static lang (C-like)

Dynamic lang

CINECA

The Language
A dynamic one

// source_code.c
int main()}{
return O;

Compilation

_—

// executable

0101101011111...

No

# source_code.py
print("Hello World!")

compilation
step

+

Python is a dynamic language: flexibility over strict control

@, almost, see how python runs code
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Correctness controlled
at compile-time

Correctness controlled
at run-time



The Language
Features

e (Strong) dynamic typing pi = 3.14159 # variable initialization
Multi-paradigm: imperative, procedural, functional, object-oriented, structural (modular)

o—q:f[]01 = x =lambdaa:a+ 10

L»[C,]—> 0, print(x(5))

Automatic memory management: the garbage collector
Built-in data structures
Rich standard library (os, pathlib, asyncio, argparse, math etc)  The Python Standard Library
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https://docs.python.org/3/library/index.html

CINECA

The Language
Pros: its ecosystem

) &
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Q, Awesome Python

Q, CINECA's course on
scientific libraries
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CPython: 86.18 s

A lot of third-party integrations to
Python are meant to alleviate this


https://github.com/niklas-heer/speed-comparison

How Python runs programs
The interpreter

Python is freely downloadable at download Python (most probably you already have it or is installed in
your working system) and accessible through the PowerShell/Terminal:

.-

The interpreter: the program that parse, translate to machine code and execute Python statements

Interpreter
Byte code Runtime
print("Splash!") .
source.pyc PVM
e  Architecture independent Python Virtual Machine: what
° C, saved in __pycache__ executes the Byte code

for imported modules

[ Learning Python 5th Ed., M. Lutz (2013)
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How Python runs programs
The interpreter

Interpreter

Byte code Runtime
print("Splash!") —— EE——
source.pyc PVM

C There are multiple implementations, the reference one is CPython. Other implementations are PyPy,
Codon (ahead-of-time compiler), yPython etc
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https://github.com/python/cpython
https://en.wikipedia.org/wiki/Python_(programming_language)#Other_implementations

Linux/Unix:

Install it through your package manager/store

sudo apt/dnf/pacman install python

MacOS:

Download it and use the installer or a package managers
as homebrew

Windows:
I nStaI I Python Download it and use the installer or through the Microsoft
Store
Follow instructions from
python.org and install the Test
standard interpreter Open the terminal (PowerShell/bash/etc) and test:

python --version
python -m pip --help

python -m venv --help

CINECA


http://python.org
https://docs.python.org/3/using/unix.html#on-linux
https://docs.python.org/3/using/mac.html
https://www.python.org/downloads/
https://formulae.brew.sh/formula/python@3.14#default
https://docs.python.org/3/using/windows.html
https://www.python.org/downloads/
https://apps.microsoft.com/detail/9nq7512cxl7t?hl=en-US&gl=IT
https://apps.microsoft.com/detail/9nq7512cxl7t?hl=en-US&gl=IT

How You run programs
Language shell or REPL

$ python
Python 3.13.5 (main, Jun 25 2025, 18:55:22) [GCC 14.2.0] on linux

Type "help", "copyright", "credits" or "license" for more information
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How You run programs
.py files

two_plus_three.py

# this is a comment. it will not be read by the interpreter
print("the result of 2+3 is:")

90+2000 # this line is executed, but never printed
print(2+3) # compute 2+3 and print it

$ python two_plus_three.py
the result of 2+3 is:

5

No compilation required, directly calling the interpreter on the text file containing Python statements

C, IDEs are great tools to write, run, debug etc. Python codes (e.g. VSCode, PyCharm)
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https://en.wikipedia.org/wiki/Integrated_development_environment
https://code.visualstudio.com/docs/languages/python

How You run programs
.py files

two_plus_three.py

# this is a comment. it will not be read by the interpreter
print("the result of 2+3 is:")

90+2000 # this line is executed, but never printed
print(2+3) # compute 2+3 and print it

Writing .py is the most common way to work when writing Python code!

In this course, we will use mainly another tool to demonstrate and run Python statements that will be
detailed later. However, examples with .py will be discussed too.

c I N ECA Introduction to Python - Feb 2026



Modules and Environments
Why modules

calculation_tools.py

very_long_source_file.py # important calculations tools
source_file.py

# important calculations tools #..

#...

import calculation_tools

# Some analysis tools - > . . .
import analysis_tools ana|ys|s_‘t00|s‘py

#...

import io_tools

# aaah | need to save this without overloading the memory

# Some analysis tools
#...

io_tools.py

e Larger programs usually take the form of multiple module files
e Every Python source code can be a module
e Why? cleanness and reuse

# Saving tools
#...

C Imports are expensive, try to import this twice in a REPL session (you'll notice that
imports are done only once per Python process!)
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Modules and Environments
What are modules and how to use them

e A module is a namespace with a set of names called attributes (variable names, functions)
e Acollection of modules is called library or a package

$ python
Python 3.13.5 (main, Jun 25 2025, 18:55:22) [GCC 14.2.0] on linux

Type "help”, "copyright", "credits" or "license" for more information

math

math.sqrt(625)

25.0
datetime datetime

print(datetime.now().strftime("%Y-%m-%d"))
2026-01-08

help(math)

dir(math)

The import system ©, More info about modules will be explored in the following lessons
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https://docs.python.org/3/reference/import.html

Modules and Environments
Third-party packages

An user can download and import libraries made by other programmers

Registries

e PyPi: handled by the Python Packaging Authority
e Anaconda (©, and the other channels)

How to get packages:

e pip: the standard tool installed along with Python
e O conda: dev by Anaconda (< alternatives: mamba/micromamba)
e O uv: alternative to conda written from scratch and focused on speed
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https://pypi.org/
https://anaconda.org/
https://conda-forge.org/
https://docs.python.org/3/installing/index.html#basic-usage
https://docs.conda.io/projects/conda/en/latest/user-guide/install/index.html
https://github.com/mamba-org/mamba?tab=readme-ov-file#mamba
https://github.com/astral-sh/uv

Modules and Environments
Environments

It can be a mess: where do | install libraries? what if | need a different

version with respect to the one | have installed system-wise?
/‘M«bwmmm
/\ANACONDH
project 1 project 2 \ Bm,, ANcTHER (PNOTHER PIP??)
Solution: Environments _\/
° package_A_v1.0 ° package_A_v2.0 / D
Os ;g*gnggg) )
Separated spaces where to install different libraries or versions of these MSC /
????—»ouusosv
@,\\\‘M‘w
Tools to create and manage them: /usr/loml/CeIlar ~sneseny/ [
~~|__| /vsr/local/lib/ python3.6
luscilocal/opt | /usrllooal/lib/ python27
e venv: embedded with Python standard library J(ABNGH OF PFTHS LITH 'FRAMEIORKS' N THEY] SONELHERE)/
C - i - MY PYTHON ENVIRONMENT HAS BECOME SO DEGRADED
- conda/mamba: can manage also Python version, non-python i PN EOMENT 1% B 0 R

libraries etc.
e Q uv: handles venv through its venv interface
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https://docs.python.org/3/library/venv.html
https://docs.conda.io/projects/conda/en/stable/
https://mamba.readthedocs.io/en/latest/

Create a venv

Create a simple venv for this
course (suggested to use venv)

@, If you are interested to test uv or conda/mamba locally, please ask

to a teacher for advices
CINECA

Open a terminal (for Windows: use WSL or

Powershell) to create the environment with venv
and activate it :

$ python -m venv .venv
$ source .venv/bin/activate

(.venv) $

To exit from the virtual environment:

(.venv) $ deactivate

$

Alternatively, using conda (if already installed):

$ conda create --name pythoncourse_env
$ conda activate pythoncourse_env

(pythoncourse_env) $
$ conda deactivate



https://docs.conda.io/projects/conda/en/latest/user-guide/tasks/manage-environments.html#creating-an-environment-with-commands

How You run programs
Interactive Python: IPython

$ python
Python 3.13.5 (main, Jun 25 2025, 18:55:22) [GCC 14.2.0] on linux

$ ipython
Python 3.13.5 (main, Jun 25 2025, 18:55:22) [GCC 14.2.0] on linux °
IPython 9.9.0 -- An enhanced Interactive Python. Type '?' for help. y °

Project born in 2001

introspection (e.g. extract doc from modules)
rich media

syntax highlight

tab auto-completion

history

“magic” functions

Features
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How You run programs
Notebooks and Jupyter

e Bornin 2014 as spinoff project from IPython ; o s
e HTML Ul with “kernel” back-end supported by IPython =
e handy for instructors and to play around * o
B console
A
Terminology
: : = M |4 B
e kernel: back-end that execute the code (we willuseit | T,
for Python, but other languages are available) == - e >
e notebook: file made of blocks (input/output) that can
contain code or other (e.g. markdown) $ python -m pip install jupyter

$ jupyter lab
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Open a terminal and navigate into the directory in
which the environment has been created. Activate it:

$ source .venv/bin/activate
(.venv) $

I nStaI I req u i red Install using pip the required packages:
paCkag eS for the (.venv) $ python -m pip install jupyter numpy matplotlib
cou rse pandas scipy pytest

If you used conda, do the following:

How to install Jupiter and other
dependencies within the
previously created venv

(pythoncourse_env) $ conda install jupyter numpy
matplotlib pandas scipy pytest

Test the installation with:

(.venv) $ jupyter lab

CINECA



What else?
Other introductory topics

e IDEs: some are built to be used with Python (e.g. PyCharm) others allows for a plugin ecosystem
that helps the user in writing, testing and deploying Python code (VSCode, Vim, NeoVim etc.).

e Linting and formatting: there are softwares that read and format your Python code following a
precise set of rules. This helps readability. A rapidly popular option is ruff. Such softwares are
generally recommended when programming in a production environment.
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https://docs.astral.sh/ruff/

