
COMMON CORE FIELD_14 ECTS

Introducing

Description

Évaluation
L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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Optimization and linear programming

Introducing

Description
  

- Introduction to constrained optimization: definitions
and generalities, existence of solutions, convexity and
uniqueness 
- Optimality conditions: first and second order
conditions in unconstrained differentiable optimization,
Karush-Kuhn-Tucker (KKT) conditions in constrained
differentiable optimization, Lagrangian notion
- Algorithms for unconstrained optimization: gradient
algorithm (fixed step, optimal step), Newton's
algorithm, linear and nonlinear least squares problems 
- Introduction to linear constrained optimization:
modeling formalisms, characterization of the search
space, geometric interpretation, graphical resolution,
link with KKT conditions, simplex algorithm, method of
dictionaries, complexity, duality of a PL problem, strong
and weak duality theorems, complementary deviations
theorems, Farkas lemma, alternatives theorem.
 
Detailed course handout provided.

Keywords : differentiable optimization, first and second
order optimality conditions, gradient algorithms,
Newton, least squares problems, linear programming
and simplex algorithm.

Objectives
  

At the end of this module, the student will have
understood and be able to explain (main concepts):

- The notions of local extremum and convexity
- Characterization of a local extremum by optimality
conditions: first and second order conditions in
unconstraineddifferentiableoptimization,Karush-Kuhn-
Tucker (KKT) conditions in constrained differentiable
optimization 
- The first algorithms for unconstrained optimization:
gradient algorithm (fixed step, optimal step), Newton's
algorithm, linear and nonlinear least squares problems 
- Optimization under linear constraints (Linear
Programming/PL): modeling in PL, characterization of
the search space, geometric interpretation, solution
principle, simplex algorithm, dictionary methods,
complexity, duality.

The student will be able to: 
Choose and implement a relevant and numerically
efficient optimization method for an unconstrained
differentiable optimization problem or for a linear
programming problem.

Necessary prerequisites
  

Differential calculus: know how to calculate a gradient
and a hessian. Link with differential.
Linear algebra: know how to diagonalize a matrix,
calculate the eigenvalues, notion of semi-definite
positivity.

Évaluation
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L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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Operating system

Introducing

Description
  

The operating system is considered as resources
managers: processors management (processes,
scheduling) memory management (virtual memory,
allocation), access to resources (synchronisation,
mutual exclusion) and file system.

Objectives
  

At the end of this module, the student will have
understood and be able to explain the operating
system problems with a global overview of its functions
and architecture. 

Necessary prerequisites
  

Notions in computer’s structure.

Évaluation

L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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Advanced algorithmics

Introducing

Description
  

Correction proofs
Asymptotic analysis 
Devide and conquer 
Greedy algorithms 
Dynamic Programming
Branch and Bound
Problems tractability 

Objectives
  

The objective of this course is to introduce the
foundations of computational thinking, including
complexity theory, proofs of correctness, advanced
algorithmic design, and more. Throughout the course,
students will learn to analyze the tractability of
problems as well as the correctness and complexity of
algorithms. They will be taught advanced algorithmic
design techniques, such as divide and conquer, greedy
algorithms, dynamic programming, and branch and
bound.

Necessary prerequisites
  

Algorithms and Programming (1st and 2nd year )

Évaluation
L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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Databases 2

Introducing

Description
  

The aim of this course is to study relational databases.
The fundamental concepts of the relational model are
studied. The focus is then on relational algebra and the
SQL language for manipulating and querying
databases.

Objectives
  

At the end of this module, students should be able to
understand and explain the main concepts.
  - The relational model
 - Data integrity constraints 
- Languages for manipulating and querying relational

databases, in particular relational algebra and the 
 SQL language.

In practice, students should be able to :

- Implement a designed database while guaranteeing
integrity constraints
- write queries in relational algebra, then implement

them in SQL for manipulating and querying relational
databases

Évaluation
L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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Markov chains

Introducing

Description
  

Markov chains and their classification: definition and
class properties (irreducibility, recurrence, transience,
aperiodicity), convergence to the stationary
distribution, reversible Markov chain, absorbing time. 

Objectives
  

Time-homogenous Markov chain over discrete state
space, classification of states, stationary measure,
reversible Markov chain, convergence to stationary
distribution, ergodic theorem. 

Markov chains:
The description of a Markovian model to its
formalization by a Markov chain 
develop a analysis of Markov chains (description of its
communication classes, conclusion on the existence of a
stationary distribution and on the convergence of the
chain distribution) 

Necessary prerequisites
  

Basic notions in discrete probability theory

Évaluation
L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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Data analysis

Introducing

Description
  

• Unidimensional descriptive statistics
• Bidimensional descriptive statistics
• Principal component analysis
• Clustering: principle, hierarchical clustering, Kmean
and DBSCAN
• Introduction to programming in R and Rmarkdown

Objectives
  

At the end of this module, the student will have
understood and be able to explain (main concepts):

• the main definitions for the unidimensional and bi-
dimensional descriptive statistics
• the main concepts and the interpretation of graphical
results of the principal component analysis
• the main concepts of clustering (hierarchical
clustering, kmeans method and DBSCAN) and the
interpretation of graphical results

The student will be able to: 

• develop a descriptive statistical analysis with the R
software
• manipulate the concepts of the principal component
analysis, know the main properties and comment the
graphical results

Necessary prerequisites
  

Probability and Statistic course (L2/2MIC)

Évaluation
L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs…

Practical info

Location(s)
Toulouse
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