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Signal 1 4 credits 43,25h

Optimisation I 4 credits 52,5h

Elements of Statistical Modelling 4 credits 51,25h

Improving autonomy and building a 
professional project

4 credits 39h

Improve your management abilities 4 credits 45h

Quality, security, environment 2 credits 35h

HPC, Matrix Computations and Large 
Sparse Systems

4 credits 59h

Advanced probability and Monte 
Carlo methods

4 credits 52,25h

Partial Derivative Equations  and 
Monte Carlo methods

4 credits 50h
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Signal 1

 ECTS
4 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
43,25h

In brief
 Teaching language(s): Français, Anglais

Presentation

Description

Hilbert spaces:

* Linear forms, prehilbertian spaces
* Hilbert spaces, Projection on a convex spaces
* Hilbertian bases, Examples (Fourier, orthogonal 
polynomials)

Fourier Transform:

* Fourier decompositions of a periodic function, Fourier 
Transform of a function defined on R. Convolution
* Discrete Fourier Transform, FFT algorithm.

Numerical signal and Image processing, compression, 
denoising. Examples of sound processing.

Objectives

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

*  Signal and Image processing basic notions : sampling, 
windowing and sampling
* FFT algorithm
* Basis notions of Hilbert spaces and Hilbert bases.

The student will be able to:

* Use the FFT and understand the output on a Signal or an 
image.
* Apply several transformations to a signal and an image 
using the FFT

Useful info

Contacts

Education manager
CHARLES DOSSAL
 dossal@insa-toulouse.fr
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Place

 Toulouse
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Optimisation I

 ECTS
4 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
52,5h

Presentation

Description

Deterministic differentiable optimisation:

* Existence and unicity of constrained optimization 
(including convexity)
* Tangent cone, Farkas lemma, KKT points
* Line search, Wolfe conditions
* First order algorithms for unconstrained optimisation
* Second order algorithms for unconstrained optimisation 
(including BFGS)
* Lagrangian duality
* First and second order algorithms for unconstrained 
optimization (projected gradient, SQP, penalization methods, 
interior points, augmented Lagrangian)
* Algorithm convergence

Discrete stochastic optimization:

* Metropolis-Hastings method for simulating, 
approximately, a given probability distribution known 
modulo a multiplicative constant (construction of a 
reversible Markov chain, convergence to the invariant 
measure, speed of convergence).

* Simulated annealing algorithm (Gibbs measure, 
temperature scheme, proof of the algorithm convergence, 
parameter adjustment in practice).

Objectives

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

* Deterministic differentiable optimisation:

Existence and unicity of optimisation problems, KKT points, 
Convergence of optimization algorithm, Lagrangian duality

* Discrete stochastic optimisation:

The Metropolis-Hastings algorithm, the simulated annealing 
algorithm

The student will be able:

* To identify families of optimization problems
* To choose and implement suitable first and second order 
algorithms
* To implement a Metropolis-Hastings algorithm in order 
to simulate, approximately, a given discrete probability 
distribution on a huge finite space.
* To implement a simulated annealing algorithm in order 
to minimize a given function on a huge finite space.
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Pre-requisites

Optimisation [MIC3]

Markov chains and applications [I3MIMT11]

Useful info

Contacts

Education manager
Aude RONDEPIERRE
 aude.rondepierre@insa-toulouse.fr

Place

 Toulouse
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Elements of Statistical Modelling

 ECTS
4 credits 

Number of 
hours
51,25h

Presentation

Description

Programme (detailed contents):

* Nonparametric tests: empirical distribution function, 
goodness-of-fit test of Kolmogorov, tests of comparison of 
two populations, (Kolmogorov-Smirnov and Wilcoxon tests), 
normality tests (Kolmogorov and Shapiro-Wilk)
* Chi-square test of goodness-of-fit, of independence, of 
homogeneity
* Linear models: estimation of the parameters, confidence 
intervals, prediction intervals, Fisher test for a sub-model, 
variable selection

Linear regression, ANOVA, ANCOVA

* Generalized linear model: statistical inference, variable 
selection.

             Logistic regression, loglinear model

Organisation:

Theoretical (lectures, tutorials) and practical (lab-work with 
R,...).

Tests statistiques :

CM: 5 x 1.25 = 6.25

TD: 5 x 1.25 = 6.25

TP: 1 x 2.5 = 2.5

Modèles linéaire et linéaire généralisé :

CM: 10 x 1.25 = 12.5

TD: 10 x 1.25 = 12.5

TP: 4 x 2.5 = 10

Objectives

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

* The use of statistical tests for goodness-of-fit, 
independence, populations comparisons
* The characteristics of a linear model and a generalized 
linear model, and their use for statistical modelling

At the end of this module, the student should be able to:

* Choose a test procedure suited to a given problem
* Buildnonparametric test procedures to compare two 
populations
* Build goodness-of-fit tests for a single distribution or a 
family of distributions
* Choose a linear model or a generalized linear model 
suited to a given problem
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* Estimate the parameters in a linear model and a 
generalized linear model
* Use statistical tests to validate or invalidate hypotheses 
on these linear models and generalized linear models.
* Implement a variable selection strategy
* Perform a complete statistical analysis on a real data set 
using a linear model or a generalized linear model

Pre-requisites

Probability and Statistics (I2MIMT31)

Statistics (I3MIMT15)

Knowledge check

How do you assess that the objectives have been reached?

Written exams

How does your assessment system help the student to reach 
the objectives?

Exams encourage students to acquire the basic knowledge 
necessary for developing deeper understanding.

Lab-work enables them to determine their level of skills

and possibly indicate which parts need more work.

For each skill, an evaluation will be given on top of the overall 
grade which will be both expressed using the A, B, C, D system 
already used at INSA Toulouse, and which enables one to 
appraise his understanding of the skill under interest.

Bibliography

A. Antoniadis, J. Berruyer and R. Carmona. Régression non 
linéaire et applications. Economica, 1992.

ISBN: 9782717823448

J.M. Azais, J.M. Bardet. Le modèle linéaire par l'exemple. Dunod, 

2e éd. 2012.

ISBN : 9782100495597

J.-J. Daudin (2015) Statistique Le modèle linéaire et ses 
extensions. Ellipses.

ISBN: 9782340009141

Useful info

Contacts

Education manager
Juliette CHEVALLIER
 jchevall@insa-toulouse.fr
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Improving autonomy and building a professional 
project

 ECTS
4 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
39h

Presentation

Objectives

Construire une équipe projet, Approfondir ses connaissances,

Investir le métier, les domaines d'activité, les fonctions.

L'étudiant devra être capable de :

- d'analyser avec les autres un problème posé (Identifier le 
problème, définir les axes d'approche dans un bilan interactif : 
organisation, physique, technique, stratégique, motivation, 
confiance...

- de décider ensemble (permettre à tout le monde d'exprimer 
son avis, ajuster et réguler sa conduite en fonction de l'analyse 
collective),

- d'identifier les ressources du groupe (sens critique, repérage 
des points forts et faibles de chacun).

Useful info

Place

 Toulouse
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Improve your management abilities

 ECTS
4 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
45h

Presentation

Objectives

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

* The basic rules of business law

* The objectives, principles and means of marketing

* The principles and procedures of financial diagnosis and / or 
investment

The student will be able to :

Apply principles and rules of management and law in 
simple situations. Take into account the parameters of the 
management (customer needs, cost effectiveness and legal 
compliance).

Useful info

Contacts

Education manager
LUCIE LECLERT
 +33.(0)562266003
 leclert@insa-toulouse.fr

Place

 Toulouse
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Quality, security, environment

 ECTS
2 credits 

Number of 
hours
35h

Presentation

Description

Quality approach:

Statistical process control (SPC); notions of metrology; 
capability of a process; control cards; the SPC system in a 
company.

Safety:

notions of risks, evaluation, prevention, protection. Notions of IT 
security: bases of cryptography; electronic certificates; protocol 
https; digital signature.

Environmental protection: regulations, ISO14000.

Objectives

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

* Mains concepts and tools for “quality”
* The principles and stakes in the health and in the safety 
at work.
* The main concepts of the IT security.
* The importance of the environmental strategy in a 
company.

The student will be able to:

* Integrate the aspects of Quality, Security, Environment 
into the analysis of problems and the development of 
solutions.
* Be capable of taking into account the environmental 
stakes and applying the principles of the sustainable 
development.

Pre-requisites

Probability and statistics [ I2MIMT31]

Statistics [ I3MIMT41]

Useful info

Contacts

Education manager
Simona GRUSEA
 grusea@insa-toulouse.fr
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HPC, Matrix Computations and Large Sparse Systems

 ECTS
4 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES DE 
TOULOUSE


Number of 
hours
59h

Presentation

Description

Program (detailed contents):

Eigenproblems :

* Eigenvalue problems, conditioning and Schur 
factorization.
* Methods for eigenvalue problems.

Paradigmes and langages :

* Introduction to computer architecture (processing units 
and memory hierarchy macroscopic organization).
* Introduction to the different paradigms of parallel 
programation

-     Description of the OpenMP API.

* Description of the MPI run-time directives.

Sparse systems

-  Sparse storage techniques,

-  Krylov subspace methods : Conjugate gradients, GMRES,

-   Preconditioning techniques : stationary iterative methods, 
incomplete factorizations, sparse inverse approximates.

-  Reordering algorithms for direct methods.

Organization:

Paradigms and languages

This module is organized in course and hands-on. During the 
course, the basic principles implemented on high performance 
computer hardware are explained, the syntax of the OpenMP 
and MPI APIs are presented. During hands-on, students 
will make use of these tools to develop simple scientific 
computing kernels representative of classical numerical 
simulation applications.

Sparse systems

This part  is also organized in course and labworks.
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Main difficulties for students: No difficulties for the ones 
regularly working.

Objectives

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

Eigenproblems :

-         Different eigenproblems, their conditioning and Schur’s 
factorization,

-                 Different methods for eigenvalue problems : 
power method, orthogonal iterations, QR method and Krylov 
subspace methods.

HPC :

This module is focused on the presentation of the basic 
mechanisms used to achieve high performance on modern 
computers. The language used by the students will be Python/
C with which they’ll learn to implement some MPI. They will 
also learn to program some Krylov’s solvers as well as the 
QR factorization and a page ranking method.

Sparse systems :

-         Principle and some strategies for sparse storages,

-                 Principle of different projection techniques to define 
iterative methods for solving sparse linear systems,

-         Principle of different preconditioning techniques

-         Principle of some reordering techniques to solve sparse 
linear systems with direct methods.

The student will be able to:

Eigenproblems :

Understand the difficulties of a problem, and choose a 
method.

Paradigms and langages :

At the end of this module, students will be able to develop and 
to maintain Python / C software codes, to analyze applications 
performances and to supplement them with MPI/OpenMP 
directives in order to enable a parallel execution.

Sparse systems :

Chose one or a few methods adapted to a given linear system.

Pre-requisites

- Precedent courses on the following subjects : linear algebra, 
numerical analysis.

- Knowledge of the imperative programmation language  main 
concepts (Python and C).

Bibliography

Trefethen & Bau, Linear Numerical Algebra, SIAM, ISBN 
0-89871-361-1

Lascaux & Theodor, Analyse numérique matricielle appliquée 
à l'art de l'ingénieur-2, ISBN 2-225-84122-5

Useful info
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Contacts

Education manager
Romain DUBOSCQ
 duboscq@insa-toulouse.fr

Place

 Toulouse
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Advanced probability and Monte Carlo methods

 ECTS
4 credits 

Number of 
hours
52,25h

Presentation

Description

* Conditional expectation, filtration, martingale, 
submartingale and supermartingale, Doob’s theorem, 
optional stopping theorem, convergence theorems, law of 
large numbers and central limit theorem for martingales.
* Background on deterministic gradient descent, 
Introduction to Robbins-Monro algorithms and links 
with classical results (Law of Large Numbers), 
Robbins-Siegmund Lemma, Robbins-Monro Convergence 
Theorems, Applications (Two-Armed Bandit, quantile, 
quantization, Linear Regression in high dimension).
* Generation of random numbers, simulation by inversion 
of the distribution function, by the reject method 
and by some specific methods, Monte-Carlo Methods 
(convergence, rate of convergence, variance reduction by 
using different methods).

Objectives

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

* The notion of conditional expectation, the main 
properties of martingales and their classical use in 
modelling,
* Stochastic algorithms of Robbins-Monro type.
* The fundamental principles of simulating random 
variables and Monte-Carlo methods.

The student will be able to:

* To compute a conditional expectation, to show that a 
random process is a martingale, to use the various theorems 
(Doob, optional stopping and convergences), in particular for 
the maximum  likelihood estimation.
* Build and study the convergence of stochastic 
optimization algorithms, apply these methods to different 
problems (quantile, quantization,…)
* Simulate a random variable by different methods, use 
probabilistic,   choose appropriate techniques for variance 
reduction and error estimation.

Pre-requisites

 Probability and statistics [ I2MIMT31]

Useful info

Contacts

Education manager
Lorick HUANG
 lhuang@insa-toulouse.fr
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Partial Derivative Equations  and Monte Carlo methods

 ECTS
4 credits 

Number of 
hours
50h

Presentation

Description

Linear PDE  (analysis, numerics):

*  PDE models : examples ; the 4 fundamental linear PDE. 
Classification.
* Principle of the Finite Difference method: consistancy, 
stability, convergence.
* Laplace-Poisson equation (elliptic): explicit solution (by 
separation of variables), maximum principle, FD schemes.
* Heat equation  (parabolic): explicit solution (by Fourier 
transform), FD schemes  (explicit, implicit, splitting). A non 
linear case.
* Transport equation (hyperbolic)  : explicit solution - 
  characteristics, schemes, equivalent equation.
* Waves equation (hyperbolic)  : explicit solution - 
characteristics, schemes.
* Practical works: stability, accuracy ; modeling.

 

Monte-Carlo:

Generation of random numbers, simulation by inversion of 
the distribution function, by the reject method and by some 
specific methods, Monte-Carlo Methods (convergence, rate of 
convergence, variance reduction by using different methods).

Objectives

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

PDE:

* The four fundamentals PDE models, with their solution 
behaviors
* The Finite Difference discretization method

Monte-Carlo:

The fundamental principles of simulating random variables and 
Monte-Carlo methods.

The student will be able to:

PDE:

* To model basic fundamental phenomena by employing 
PDE
* To derive a Finite Difference scheme (consistent, stable, 
convergent).

Monte-Carlo:

Simulate a random variable by different methods, use 
probabilistic,   choose appropriate techniques for variance 
reduction and error estimation.

Pre-requisites
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PDE:

Differential calculus, analysis, ODE

Basic numerical methods

Monte-Carlo:

A basic course on probabilities.

Useful info

Contacts

Education manager
Pascal NOBLE
 noble@insa-toulouse.fr
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