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Evaluation Modalities

» attendance and participation (50% of the final grade)
— class attendance: justified or unjustified absence, same rule (20%)
— punctuality: be on time, for the session and after the break (5%)

—  participation: focus on the lesson, put your phone out of sight (25%)

» on-paper exam (50% of the final grade)

» remedial exam (beware: only for the “on-paper exam” part)



Course content
Computer Systems Modeling & Verification

» Computer System: hardware and software components
» Modeling

—  Specification!: requires some mathematical formalism

» Verification

—  Properties: requires a method to check or prove them

1. Specification: defines what behaviour or result we should expect.
Implementation: describes how to obtain the expected behaviour or result.
Verification: provides some evidence that an implementation is correct with respect to a specification.
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Course content — details
Computer Systems Modeling & Verification

» Computer System: hardware and software components
» Modeling

—  Specification: requires some mathematical formalism
Axiomatic systems (pure logic, non executable)
Equational systems (pure functional programs)
Deductive systems (pure logic programs)

» Verification

—  Properties: requires a method to check or prove them
Static: from type checking to program proving
Dynamic: from classical unit testing to property-based testing
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Course content — outline

» Preliminaries [8 sessions]

— imperative programming and unit testing
—  functional programming and logic

» Part I: static verification (static analysis) [4 sessions]

—  typing rules as a deductive system

— extraction of a functional type-checker

» Part Il: dynamic verification (testing) [4 sessions]
— code coverage (structural testing)

—  property-based testing (functional testing)



Course organization

Lectures, Tutorials and Practicals
(slides and assignments available on Moodle)

Prototypes written in Python

Why Python?
— not the best programming language, but...
— one of the most popular language today

— and also used in several courses in M2



Prototypes

an interpreter for mini-python?
a type-checker for mini-python
a transpiler from mini-python to a C-like language (if time permits)

a property-based testing framework for mini-python

vV v v v Y

a test coverage framework for mini-python (if time permits)

2. only a small fragment of the full python syntax



Python

What is Python?
» high level programming language

» bytecode compiler, bytecode interpreted by default
(but optimizing compilers are available)

» supports three main programming styles
(imperative, functional, object-oriented)

» General purpose tool (yet also good for specialized work with
extension libraries)

Availability
» Python is free (and open source)

» Python is platform independent (works on Windows,
Linux/Unix, Mac OS, ...)



Python 2.7

Python 3.6
Python 3.7
Python 3.8
Python 3.9
Python 3.10
Python 3.11
Python 3.12
Python 3.13
Python 3.14
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What's New in Python?

https://docs.python.org/3/whatsnew/3.5.html
PEP 484: Type Hints — 2015

https://docs.python.org/3/whatsnew/3.6.html
PEP 526: Syntax for Variable Annotations — 2016

https://docs.python.org/3/whatsnew/3.7.html
PEP 557: Data Classes — 2018

https://docs.python.org/3/whatsnew/3.10.html
PEP 634: Structural Pattern Matching — 2021

https://docs.python.org/3.12 /whatsnew/3.12.html
PEP 695: Type Parameter Syntax — 2023

10


https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.5.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.6.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.7.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3/whatsnew/3.10.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html
https://docs.python.org/3.12/whatsnew/3.12.html

Python: a modern programming language?

Java (Java/Type)Script | Python
records Y (java 17) [2021] | Y Y (dataclasses)
pattern matching Y (java 21) [2023] | Y (partial) Y (3.10) [2021]
exceptions Y Y Y
object-oriented Y Y Y
functional programming | Y (java 8) [2014] |Y Y

static type checking
proper generics

Y
Y (java 5) [2009]

N/Y (gradual)
Y

Y (gradual) [2014]
Y (3.12) [2023]

In this course:

— mostly functional programming with pattern matching (3.10)

— only modern python with type hints — including generics (3.12)
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Python environment

A standard python installation comes with CPython:
— an interpreter: a bytecode compiler & a VM that runs the bytecode

—  this interpreter can also be used interactively
REPL: Read Eval Print Loop

Remarks
» There is no explicit compilation step (the compilation step is hidden).

» Type hints are ignored by (the bytecode compiler and) the interpreter.

>>> x: int = "ok"
>>> type (x)

<class ’str’>

12



Type Hints

Static type checkers
—  Mypy (reference implementation)

» https://mypy.readthedocs.io/en/stable/index.html
(mypy documentation)

» https://mypy.readthedocs.io/en/stable/cheat sheet py3.html
(Type hints cheat sheet)

» https://mypy.readthedocs.io/en/stable/builtin  types.html
(Built-in types)

—  Pyright (included in the recommended VS Code extension)
» https://github.com/microsoft/pyright
— Pytype (google), Pyre (facebook), PyCharm (JetBrains), ...

13
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Support materials

» Material from the course Python for Computational Science3
Updated with type hints for this course

» Introduction to Python for Computational Science and Engineering
Textbook (2024)

» Python for Computational Science
Lecture slides (2024)

Recommended books
» Robust Python (2021), Patrick Viafore, O'Reilly.

» fFunctional Python Programming, 3rd edition (2022), Steven F. Lott,
Packt Publishing.

3. Python for Computational Science, Hans Fangohr et al. University of Southampton
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Python documentation

Official Python documentation:
» Python documentation page
» Python Standard Library
» Python tutorial
>

Python Package Index (pip repository)

Online documentation about types, for example:
» Mypy documentation
» Type hints cheat sheet
» Built-in types
» Pyright
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Installation of Python

Several options
» System's package manager (admin rights required)

» Official python binary installer (admin rights required)
https://www.python.org/downloads

» Anaconda (popular distribution for data scientists)
https://www.anaconda.com/download

» Miniconda (minimal anaconda distribution)
https://docs.conda.io/en/main/miniconda.html

Note. Anaconda (or miniconda) allows you to install different versions of python and
to switch easily between them (and admin rights are not required).
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Conda package manager (optional)

MINI CONDA
ANACONDA

= miniconda
+ 150 high quality packages

= conda
+ python
+ base packages
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Installing packages

Using pip (the official package manager)
pip3 install some-package

Notes.
e On some Linux systems, you need to use your system package manager:
sudo apt install python3-some-package

e |If you use conda, you can also install conda packages* with the command:

conda install some-package

4. You should avoid mixing both kind of packages, but if you really need to, see:
https://www.anaconda.com /blog/using-pip-in-a-conda-environment
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® Code File Edit Selection View Go

Installing Python extension for VS Code

Terminal Window Help

r

EXTENSIONS: MARKETPLACE Y O =

Microsoft Python @sort:installs

Python O172ms
IntelliSense (Pylance), Linting, De...
£ Microsoft i(m}

Jupyter < 69.2M %k 2.5

Jupyter notebook support, intera...

# Microsoft

Pylance O172ms
A performant, feature-rich langua...
% Microsoft ud £5%
IntelliCode D 84ams
Al-assisted development

% Microsoft e
isort D 20.1M % 2

Import Organization support for P...

# Microsoft

IntelliCode APl Usage E... O 64ms
See relevant code examples from ...
% Microsoft

Black Formatter DIM K 4
Formatting support for python file...

# Microsoft

Pylint @ 775K % 3.5
Linting support for python files us...

% Microsoft

/O Examples

Extension: Python X

Python vzez.14.0

Microsoft # microsoft.com <> 94,040,757

Uninstall | v [l Switch to Pre-Release Version 3t

This extension is enabled globally.

DETAILS FEATURE CONTRIBUTIONS = CHANGELOG  EXTENSION PACK  RUNTIME STATUS

Python extension for Visual Studio Code

A Visual Studio Code extension with rich support for the Python language (for all
actively supported versions of the language: >=3.7), including features such as
IntelliSense (Pylance), linting, debugging, code navigation, code formatting,

refactoring, variable explorer, test explorer, and more!

Support for vscode.dev

The Python extension does offer some support when running on vscode.dev (which

includes github.dev). This includes partial IntelliSense for open files in the editor.

Installed extensions

The Python extension will automatically install the Pylance extension to give you the
best experience when working with Python files. However, Pylance is an optional

dependency, meaning the Python extension will remain fully functional if it fails to be
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IntelliSense (Pylance), Linting, Debugging (multi-threaded, remote), code formatting, ...

Categories
Programming
Languages
Debuggers | | Linters
Formatters | | Other
Data Science

Machine Learning

Extension Resources

Marketplace
Repository
License
Microsoft

More Info
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@ Code File Edit Selection View
EXTENSIONS: INSTALLED O
Search Extensions in Marketpla... Y
autopep8
Formatting support for Python fil...
2 Microsoft ad £
Live Preview
|| Hosts a local server in your work...
% Microsoft ad §e%
- Makefile Tools D 60ms
Qﬁ‘ Provide makefile support in VS C...
% Microsoft ad £
Markdown All in One
All you need to write Markdown (...
Yu Zhang 3%
OCaml Platform
2 Official OCaml language extensi...
OoCaml Labs %%
Pylance
A performant, feature-rich langu...
# Microsoft a0 5%
Python
IntelliSense (Pylance), Linting, D...
% Microsoft a0 £

»

®O0AD0

Installation of autopep8 extension

shell-format
@ A formatter for shell scripts, Doc...
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Go

Run  Terminal

&«

Window Help

O Search

Extension: autopep8 X

DETAILS  FEATURE CONTRIBUTIONS  CHANGELOG  DEPENDENCIES  RUNTIME STATUS

autopep8 vz023.8.0

Uninstall |v Switch to Pre-Release Version

This extension is enabled globally.

i

Formatter extension for Visual Studio Code
using autopep8

A Visual Studio Code extension with support for the autopep8 formatter. The

extension ships with autopep8=2.0.4.

Note:

This extension is supported for all actively supported versions of the Python

language (i.e., Python >= 3.8).

The bundled autopep8 is only used if there is no installed version of
autopep8 found in the selected Python environment.

Minimum supported version of autopep8 is 1.7.0.

This extension is experimental. The plan is that it will eventually replace

autopep8 formatting functionality of the Python extension.
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Formatting support for Python files using the autopep8 formatter.

Categories

Programming
Languages

Formatters

Extension Resources

Marketplace
Repository
License
Microsoft

More Info
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Configuration of Python extension: native REPL

&€ Code

File Edit Selection View

Go Run Terminal

Window Help

r
[ YON ]

X

EXTENSIONS: MARKETPLACE 1)

python =Y
autopep8
Formatting support for Py...
% Microsoft %

A
A
A
A
L
=

mn

[o]e

nrnw

A

®0AO0

Python Debugger
Python Debugger extensi...

# Microsoft §23
Python

Python language support ...
% Microsoft 4%
Pylance

A performant, feature-ric...

% Microsoft 33

Python Ind... <©12.4M % 4
Correct Python indentation

[ Install |
PythonferV... ®58M % 2

Python language extensio...

Thomas Haak... [[BEl] A

autoDocstri... ®11.9M % 5
Generates python docstri...

Python Ex... <»10.3M % 45
Popular Visual Studio Cod...

Kevin Rose

Nils Werner

(555) 0

= =

< Settings X

python

User

Text Editor (2)

v Features (2)

Terminal (1)
Notebook (1)

v Extensions (101)
autopeps8 (5)
IntelliCode (1)
IntelliCode API Us... (1)
Pylance (53)

Python (39)
Python Debugger (2)

£ search

Python.REPL: Send To Native REPL | Preview

Toggle to send code to Python REPL instead of the terminal on execution. Turning this on will change the
behavior for both Smart Send and Run Selection/Line in the Context Menu.

Python > Terminal: Activate Env In Current Terminal

C] Activate Python Environment in the current Terminal on load of the Extension.

Python > Terminal: Activate Environment

Activate Python Environment in all Terminals created.

Python > Terminal: Focus After Launch

D When launching a python terminal, whether to focus the cursor on the terminal.

Python > Terminal: Launch Args

Python launch arguments to use when executing a file in the terminal.

Edit in settings.json

Python > Terminal > Shell Integration: Enabled |Preview

D Enable shell integration for the terminals running python. Shell integration enhances the terminal experience by

1
0s 0B
M -

106 Settings Found = W

Backup and Sync Settings
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Configuring mode “ini” for “pyproject.toml”

" Code File Edit Selection View Go Run Terminal Window Help

r 3
L NON 0e M0 H

‘ Belect Language Mode

& pyproject.toml X Auto Detect m
1 [tool.pyright] Configure File Association for .toml"...
2 typeCheckingMode = "basic" Configure 'Ini' language based settings...
3 Search Marketplace Extensions for '.toml"...
4 [tool.coverage.run] ATD (atd) languages (identifier)
5 # branch = true azcli (azcli)
6 °mit|: L . £2 Batch (bat)
; . —test.py bats (bats)
9 BibTeX (bibtex)
10 [tool.autopep8] Binary (code-text-binary)
11 max_line_length = 9@ CC ]
12 ignore = [ C: C# (csharp)
13 "E7Q", # Put semicolon-scpdidicu ‘Coilpuunu scuLciciie Il STpUT ULE LLIES.
14  # "E302", # Add missing 2 blank lines.
15 1
16

X ®oA0 wWo Ln16,Col1 Spaces:4 UTF-8 LF Ini [
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Coverage Gutters (VS Code older than 1.94)

" Code File Edit Selection View Go Run Terminal Window Help

r 3
" NON ] & = O TP18_solution 008 [
EXTENSIONS: INSTALLED O - g5 Extension: Coverage Gutters X il
Search Extensions in ... Y
Coverage Gutters
autopep8 8oms
"’ Form‘;tt‘i)ng support for Pyt ryaniuker < 634,278 * & &k (33)
% Microsoft ] Display test coverage generated by Icov or xml - works with many languages
@ coversge cutters oo () Auto Upcite
Display test coverage gene...
0 ryanluker §o%
B:I DETAILS FEATURES CHANGELOG  DEPENDENCIES
g, ngugggr for Java _ e
A lightweight Java debugge... Features gutters
a MlcrOSOft {5} File Edit Selection View Go Debug Tasks Help Version 2 . 13 . 0
. o test-cove # main.php * ® m -
(» Extension Pack for Java B u - Sthis“smyParon ,}l,‘; — Last 2025-03-06,
~  Popular extensions for Java... Jo - | reum sthis; Updated  15:31:00
4 Microsoft £33 v . Size 3.37MB
43 * A sample function that sets $myParam to @
Gradle for Java S I e
Manage Gradle Projects, ru... & . A Ed RS Marketplace
: - 8 ublic function negate (){
# Microsoft $c% i 5 Sthis—nf\yl’arang;e;( :
s ~ return $this; Published 2017-03-12,
@ HTMLHint D 3gms 2 | ] 10:24:34
VS Code integration for HT... [+ & samale functio that dont caverad Last 2025-01-26,
HTMLHint & $ - Released 18:49:44
5 * @return object the main object
@ IntelliCode 0 35ms t public function notcovered (){
Al-assisted development 5 ) e e Categories
% Microsoft £a3 I °
o Testing | | Other
@ IntelliCode API Us... ®174ms

X ®0A0 O File Uncovered
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