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MATHEMATICAL MODELING & AI

 Niveau d'étude 
visé
BAC +5

 Durée
2 année(s)  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


plugin.odf:Domaine 
régional
Ingénierie 
mathématique, 
Modélisation 
- Calcul 
scientifique, 
Statistique

Présentation
Syllabus :  Download the document

Objectifs

An engineer in Mathematical modeling & AI is able to model 
real situations and assist users for mathematical models 
and methods.  Training include solid knowledge in applied 
mathematics: numerical analysis, statistics and probability, 
software solutions, as well as business and management 
abilities. Job opportunities for the mathematical engineer cover 
a large scope of industry.

Et après

Conditions d'accès

Diplôme d'ingénieur habilité par la commission des titres 
d'ingénieur, 5 années d'études après la fin des études 
secondaires, confère le grade de Master.

Baccalauréat ou équivalent pour une admission en première 
année

Admission sur titre possible en année 2, 3 ou 4.

Admission

A tous les niveaux, l'admission aux INSA s'effectue par 
concours sur titres, dossier et éventuellement entretien ; le 
dossier rassemble des éléments d'évaluation obtenus par 
ailleurs par le candidat.

Et après

Poursuite d'études

L'INSA Toulouse est habilité, au sein de l'Université Fédérale 
de Toulouse Midi-Pyrénées, à délivrer un Master Recherche de 
Mathématiques appliquées.

Environ 20% des étudiants de la promotion obtiennent 
simultanément le diplôme d'ingénieur et le master recherche.
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Ceci constitue le parcours privilégié pour la préparation d'un 
doctorat qui s'effectue, le plus souvent, dans le cadre d'un 
contrat industriel.

Insertion professionnelle

Plusieurs groupes industriels soutiennent la formation 
(Aérospatiale, Alcatel Espace, CEA, CNES, TOTAL, Intelspace, 
Matra, P.S.A. Peugeot, Citroën, Renault, Sillogic, Simulog, 
Verilog, Thomson-CSF, etc.), et plus récemment les secteurs 
de la finance, de l'assurance, de l'industrie pharmaceutique, 
sont demandeurs d'ingénieurs GMM en recherche et 
développement.

En dehors des centres de Recherche et Développement des 
grands groupes, des sociétés de service font de plus en plus 
appel à des ingénieurs-mathématiciens, et sont parfois le 
passage intermédiaire pour rentrer dans une grande entreprise.

Infos pratiques

Lieu(x)

 Toulouse
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Programme
FOURTH YEAR INSA TOULOUSE

Autumn semester

Signal 1 4 crédits 43,25h

Optimisation I 4 crédits 52,5h

Elements of Statistical Modelling 4 crédits 51,25h

Improving autonomy and building a 
professional project

4 crédits 39h

Improve your management abilities 4 crédits 45h

Quality, security, environment 2 crédits 35h

HPC, Matrix Computations and Large 
Sparse Systems

4 crédits 59h

Advanced probability and Monte 
Carlo methods

4 crédits 52,25h

Partial Derivative Equations  and 
Monte Carlo methods

4 crédits 50h

Spring semester

Project research/Innovation 8 crédits 36h

Signal II and optimization 4 crédits 51h

Machine Learning 4 crédits 55h

Communicating within organizations 6 crédits 75h

Finite Element Methods & Model 
Reductions

4 crédits 56,75h

Modeling and scientific computing in 
fluid and structural mechanics

4 crédits 55,5h

Stochastic Processes: Time Series 
and Gaussian Processes

4 crédits 58h

Data Analysis 4 crédits 55h

FIFTH YEAR INSA TOULOUSE

Autumn semester

Human Resources Management and 
Group Work

6 crédits 75h

Research Project - Innovation - 
Engineering English

9 crédits 75h

High Dimensional and Deep Learning 3 crédits 40h

Computer experiments & 
Experimental Design

3 crédits 40h

Computer experiments & Stochastic 
calculus

3 crédits 43,75h

Image 3 crédits 35h

Variational Data Assimilation & Model 
Learning

3 crédits 35h

Advanced models and numerical 
methods for fluid mechanics

3 crédits 35h

Advanced modeling in computational 
structural mechanics

3 crédits 35h

Reliability and Lifetime analysis 3 crédits 35h

IA Frameworks 3 crédits 35h

Poisson processes and application 
to reliability theory and actuarial 
sciences

3 crédits 35h

Mathematical models and numerical 
methods for Actuarial Sciences

3 crédits 35h

Spring semester

Training period (5th year) 21 crédits 2h

Training period (4th year) 9 crédits 1h
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Signal 1

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
43,25h

En bref
 Langue(s) d'enseignement: Français, Anglais

Présentation

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.

Objectifs

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

Infos pratiques

Contacts

Education manager
CHARLES DOSSAL
 dossal@insa-toulouse.fr
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Lieu(x)

 Toulouse
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Optimisation I

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
52,5h

Présentation

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).

Objectifs

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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Pré-requis nécessaires

Optimisation [MIC3]

Markov chains and applications [I3MIMT11]

Infos pratiques

Contacts

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

Lieu(x)

 Toulouse
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Elements of Statistical Modelling

 ECTS
4 crédits 

Volume horaire
51,25h

Présentation

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

Objectifs

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
* Estimate the parameters in a linear model and a 
generalized linear model
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* 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

Pré-requis nécessaires

Probability and Statistics (I2MIMT31)

Statistics (I3MIMT15)

Contrôle des connaissances

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.

Bibliographie

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

Infos pratiques

Contacts

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

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
39h

Présentation

Objectifs

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).

Infos pratiques

Lieu(x)

 Toulouse
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Improve your management abilities

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
45h

Présentation

Objectifs

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).

Infos pratiques

Contacts

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

Lieu(x)

 Toulouse
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Quality, security, environment

 ECTS
2 crédits 

Volume horaire
35h

Présentation

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.

Objectifs

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.

Pré-requis nécessaires

Probability and statistics [ I2MIMT31]

Statistics [ I3MIMT41]

Infos pratiques

Contacts

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

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES DE 
TOULOUSE


Volume horaire
59h

Présentation

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.

Objectifs

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.

Pré-requis nécessaires

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

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

Bibliographie

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

Infos pratiques
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Contacts

Education manager
Romain DUBOSCQ
 duboscq@insa-toulouse.fr

Lieu(x)

 Toulouse
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Advanced probability and Monte Carlo methods

 ECTS
4 crédits 

Volume horaire
52,25h

Présentation

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).

Objectifs

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.

Pré-requis nécessaires

 Probability and statistics [ I2MIMT31]

Infos pratiques

Contacts

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

 ECTS
4 crédits 

Volume horaire
50h

Présentation

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).

Objectifs

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.

Pré-requis nécessaires

PDE:

Differential calculus, analysis, ODE
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Basic numerical methods

Monte-Carlo:

A basic course on probabilities.

Infos pratiques

Contacts

Education manager
Pascal NOBLE
 noble@insa-toulouse.fr
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Project research/Innovation

 ECTS
8 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
36h

Présentation

Description

After a call of subjects from private sector (aeronautic, spatial, 
pharmaceutical sectors) or famous laboratories (LISBP, LAAS, 
IMFT, LPNO, CEMES…), students have to

resolve mathematical modelling problems, supervised by 
specialists of the concerned domain (physics, mechanics, 
biology, finance, reliability…).

The essential point is the realistic situation in front of a 
complex, new problem, whose solution is not known, even by 
the supervisor.

Organisation:

Each group is formed by 2 or 3 students, sometimes together 
with students of other department for multidisciplinary projects. 
About 50 hours are time

scheduled, amongst them about 12 face to face with supervisor.

Objectifs

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

*  Principles of working in collaboration
* Project management (PERT, GANTT, WBS...)
* Mathematical models for applied problems, in relation 
with other disciplines or with specific industrial sector
* Self valuation of obtained results with respect to aims

The student will be able to:

* Interact with specialists or engineers of other discipline
* Organize collaborating work
* Define specifications of an original problem of 
mathematical modelling
* Guide bibliographical researches
* Develop a deterministic or stochastic adapted model
* Implement a numeric resolution
* Account for obtained results, with written report and oral 
presentation

Infos pratiques

Contacts

Education manager
DAVID SANCHEZ
 +33.(0)954956188
 dsanchez@insa-toulouse.fr
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Lieu(x)

 Toulouse
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Signal II and optimization

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
51h

Présentation

Description

Part I : Wavelets

* Wavelet transform. Basis of wavelets: definition and 
properties. Multiresolution analysis.
* Discrete wavelets: Haar basis, filter banks with 
exact reconstruction, 1d bi-orthogonal wavelets, wavelet 
decomposition, spatial and frequency localisation, 2d 
wavelets. Introduction to jpeg, denoising.
* Discrete wavelet packets. Definition, localisation in 
space and time. Denoising, deconvolution.

Organisation: Lectures to introduce the concepts and Labwork 
for practical numerical implementation.

Part II : Algorithms for unconstrained nonsmooth nonsmooth 
optimization

* Elements for convex analysis. Notion of convex 
subdifferential, optimality necessary condition, Lagrangian 
duality
* Algorithms. Descent methods (steepest descent and 
stabilization), subgradient methods, cutting planes methods 
and bundle methods.

* Some examples (minimax problems, proximal 
algorithms, how to manage constraints)
* Perspectives. Why BFGS is a good method for 
nonsmooth optimization ? Generalization to the nonconvex 
case.

Organisation  : Lecture, Tutorials and Labwork. Some tutorials 
will be preliminaries to the Labworks.

Objectifs

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

*  Wavelet transform
* Filter Banks with exact reconstruction
* Properties of wavelets (localisation in space and 
frequency) and applications to the approximation of 
functions.

The student will be able to:

*  Provide examples of wavelets
* Carry out numerical approximation of images with 
wavelets.

Pré-requis nécessaires
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Signal 1 [ I4MMMF71]

Optimization 1 & 2 [ I4MMMO71] [ I3MIMT11]

Infos pratiques

Contacts

Education manager
CHARLES DOSSAL
 dossal@insa-toulouse.fr

Lieu(x)

 Toulouse
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Machine Learning

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES DE 
TOULOUSE


Volume horaire
55h

Présentation

Description

Program (detailed contents):

* Introduction to machine learning
* Risk (or generalization error) estimation, Optimization of 
the bias / variance trade-off
* Model selection via penalized criterion: Mallows CP, BIC, 
Ridge, Lasso…
* Linear and quadratic discriminant analysis, k nearest 
neighbors.
* Classification and regression trees
* Bagging, random forests
* Support Vector Machine and Support Vector Regression
* Neural networks, multilayer perceptron, 
backpropagation algorithms, optimization algorithms, 
introduction to deep learning.
* Boosting algorithms
* Missing data imputation
* Scientific deontology and statistical decision
* Legal framework and societal impacts of AI

Organization:

* Lectures: 25 H
* Practical work of applications on real data sets with the 
Python’s libraries (Scikit Learn): 27,5H

Main difficulties for students:

Apprehend new methods and apply them to complex data sets.

Objectifs

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

* Properties and limits of the main machine learning 
algorithms.
* Bias - variance trade-off, model selection.
* Algorithms for risk estimation: bootstrap, cross 
validation.
* Optimization and algorithmic implementations with R 
and Python (Scikit-learn) of the studied algorithms.
* Ethical and legal concepts of artificial intelligence.

The student will be able to:

* Analyse big data sets from various domains: 
meteorology, marketing, industry, by using R and Python 
libraries.
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* Execute the main machine learning methods and 
algorithms (discriminant analysis, k-nn, classification and 
regression trees, random forests, neural networks, SVM..)
* Optimize hyper-parameters values and construct 
pipelines for automating.
* Optimize the missing values management.
* Detect ethical or legal failures (bias, discrimination, 
opacity) of machine learning algorithms.

Pré-requis nécessaires

Statistical modelling

Introduction to R and Python languages

Contrôle des connaissances

How do you assess that the objectives have been reached?

A written test and a report on a project  on real data sets

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

The preparation of the written test allows to understand deeply 
and to acquire the different statistical methods.

The report on the project allows students to test their ability to 
apply these methods in concrete machine learning studies.

Bibliographie

 http://wikistat.fr

 https://github.com/wikistat

Coelho,L. P., Richert W. « Building Machine Learning Systems 
with Python », 2nd Edition, Packt Publishing, 2015

Hastie, T. Tibshirani, R., Friedman, J. «  The elements of 
statistical learning », Springer, 2001

Goodfellow I., Bengio Y., Courville A. “ Deep Learning”MIT Press, 
2016

Infos pratiques

Contacts

Education manager
BEATRICE BONNEAU
 laurentb@insa-toulouse.fr
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Communicating within organizations

 ECTS
6 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
75h

Présentation

Objectifs

The classes given in French will focus on :

- How to react to society's demand for technical and scientific 
information

- How to foster critical thinking in order to give appropriate 
answers when questioned about such issues

- How to communicate effectively in the workplace

The classes given in English will focus on the specific linguistic 
characteristics of English used in such contexts in order for the 
students to understand and master them.

The students will also be made aware of the specificity of 
professional communication within the English-speaking world

Module L2

The objectives, defined in reference to the CEFRL for the 5 
language activities, depend on the language studied - Chinese, 
German, Spanish - and the level of the student.

They can be consulted on :

https://moodle.insa-toulouse.fr/course/view.php?id=44

In certain cases, students may be authorised to follow an 
English module instead of another language.

Pré-requis nécessaires

For classes in English : mastery of general English.

Infos pratiques

Lieu(x)

 Toulouse
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Finite Element Methods & Model Reductions

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
56,75h

Présentation

Description

Program (detailed contents) :

* *Analysis of elliptic PDEs : weak solution vs classical 
solution, Sobolev spaces, Lax-Milgram theory, a-priori 
estimations. Boundary conditions. Energy minimization.

* Modelling with a FE software (eg FreeFEM++)  : 
classical models, 1 real-like problem.

* Finite Element Method (FEM) principles: discretisation, 
approximation, data structures, implementation. Error 
analysis (a-priori). Convergence curves.

Advective term: stabilisation (eg SUPG).

* Practical, Programming (Python): assembly algorithm ; 
code assessments, scheme accuracy, error estimator.

* FEM extensions:

Unsteady models: semi-discretisation.

Non-linear models: linearization.

A-posteriori estimations, mesh refinement.

* Model Reduction: offline-online strategy.

POD basis reduction.

* Domain Decomposition Method (DDM)  : method(s), 
practical (FreeFEM++).

Organisation :

18 classes + 12 tutorials-exercises + 14 lab. Tutorials (Python-
FEniCS, FreeFEM++).

Main difficulties for students :
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Understand the large range of required knowledge: from 
the physical modeling to computational aspects via the 
mathematical & numerical analysis.

Objectifs

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

-          How to write the weak (variational) form of the classical 
PDE models (with the corresponding energy minimization, 
symmetric case).

-          Write and implement a finite element scheme (for linear 
and non-linear models).

-          Employ Finite Element libraries (eg. FEniCS - Python and 
FreeFem++).

-                   Set up an offline – online strategy for real time 
computaions (POD reduction for linear PDEs)

-          Decompose large problems on multiple processors using 
domain decomposition methods (with preconditionners).

-                   Simulate classical phenomena (diffusive, convective, 
linear – non linear etc).

Pré-requis nécessaires

Fundamentals of PDE equations  I4MMNP71

Numerical analysis I3MIMT11

Matrix computation  I3MIMT31

Basic numerical methods-nbalaysis.

Contrôle des connaissances

How do you assess that the objectives have been reached?

Practical (with written report) + intermediate examinations (on-
line exercises - Quiz).

Infos pratiques

Contacts

Education manager
JEROME MONNIER
 monnier@insa-toulouse.fr

Lieu(x)

 Toulouse
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Modeling and scientific computing in fluid and 
structural mechanics

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
55,5h

Présentation

Description

Programme (detailed contents) :

Brief review of the general concepts in continuum mechanics

Modeling and scientific computing in fluid mechanics :

- Dynamics of inviscid fluids

- Dynamics of Newtonian viscous fluids

- Capillary phenomena

- Introduction to the finite volume method (FVM). 1rst order and 
second order upwind schemes (M.U.S.C.L. method)                              
   - Implementation of the FVM on a model problem (transport 
of a discontinuity).

Modeling and scientific computing in structural mechanics

* Variational formulation and mathematical analysis of the 
elasticity problem

* Numerical resolution of elasticity with the finite element 
method
* Multiscale model and code coupling
* Application: modeling and computation of static as 
well as dynamic elastic problems through the use of an 
industrial software + development of python codes for the 
computation of stress concentration and local propagation 
of cracks within solids.

Organisation :

Conventional lectures/tutorials + class work (labwork)

Main difficulties for students:

To connect their mathematical knowledge and the modelling 
issues to mechanics.

To fully appreciate the finite volume and finite element methods 
for the numerical resolution of real physical problems.

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

The fundamentals of Mechanics for fluid and deformable solids, 
from a physical, mathematical and numerical point of view.

The student will be able to :

* Understand the physical meaning of the various terms 
used in fluid mechanics and elasticity models.
* Calculate exact solutions of simple problems and 
interpret them physically
* Evaluate orders of magnitude and know the physical 
meaning of the main dimensionless numbers
* Formulate and apply a finite volume method for 
numerically solving simple problems of fluid mechanics
* Formulate and solve the problem of elasticity by means 
of the finite element method.
* Use an industrial software to model and compute the 
elasticity problem in static as well as in dynamic.
* Write and implement a mixed formulation to couple 
different elastic domains and different numerical codes used 
as black-boxes.

Pré-requis nécessaires

Fundamentals in :

Continuum mechanics

Numerical analysis

Partial derivative equations

Contrôle des connaissances

How do you assess that the objectives have been reached?

Class work (labwork) and a final written exam.

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

Merging of knowledge between students during class work, 
especially in this discovery phase where mathematical 
concepts are applied to physics.

Bibliographie

G Duvaut, Mécanique des milieux continus, Masson, 2000, ISBN 
2225816581

 M Bonnet, A Frangi, Analyse des solides déformables par la 
méthode des éléments finis, Ecole Polytechnique , 2007, ISBN : 
978-2-7302-1349-3

C. Hirsch, Numerical Computation of Internal and External 
Flows: The Fundamentals of Computational Fluid Dynamic, 
  2007, Butterworth-Heinemann

Guyon, Hulin, Petit, Hydrodynamique Physique, 2012, EDP 
Sciences

Infos pratiques

Lieu(x)

 Toulouse
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Stochastic Processes: Time Series and Gaussian 
Processes

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
58h

Présentation

Description

Programme (detailed contents):

Time series

1. Introduction and Descriptive Analysis: Time series 
decomposition, Estimation and Elimination of Trend and 
Seasonal Components
2. Random Modeling of Time Series: Stochastic process, 
stationnarity, Autocovariance Function
3. Statistical Inference of Stationary processes of order 
2: Moment Estimation, Best linear predictor, Partial 
autocorrelation, statistical tests
4. ARMA and ARIMA Models: AR process, MA process, 
ARMA et ARIMA processes

The practical labworks will be performed with R software.

Gaussian Processes

Lectures :

* Part one: Introduction to real-valued Gaussian 
processes in discrete time; extension to the continuous 
case; parametric estimation using discrete martingale tools.
* Part two: On the importance of the covariance function: 
spectral aspects and link with the regularity of the process.

Exercise classes :

* Session on calculations for the discretized Brownian 
motion, expression for the joint density.
* Session on conditional expectation for Gaussian vectors, 
as an orthogonal projection.
* Session on smoothness of the Gaussian process 
through the smoothness of the covariance function.
* Session on link between Gaussian processes and RKHS 
(Reproducing Kernel Hilbert Space)

Lab works :

* Session simulation of Gaussian processes and its use in 
modeling

Session application to real data in geostat

30 / 61 Non-contractual information.



Objectifs

At the end of this lecture, the student should have acquired the 
following skills, as well theoretically than practically with the R 
statistical Software.

1)    Time series

* Estimate or eliminate the trend and/or the seasonality of 
a time series
* Study the stationnarity of a time series
* Calculate and estimate the autocorrelogram and the 
autocorrelograms (total and partial) of a stationary process
* Study and/or adjust an ARMA (or ARIMA) model on a 
stationary time series
* Carry an optimal linear forecast of an ARMA process

2)    Gaussian processes

* Know the fundamental properties of Gaussian processes
* Be able to characterize a Gaussian process through its 
covariance function
* Be able to use Gaussian Processes for modeling real life 
situations.

Pré-requis nécessaires

1)    Time series :

Probability and Statistics (MIC2) [ I2MIMT31]

Statistics (MIC3) [ I3MIMT05]

Probability and Inferential Statistics (I4MMMT21)

Statistical modelling

2)    Gaussian processes :

Advanced probabilities: martingales, stochastic algorithms and 
Montecarlo methods [ I4MAOPPS21]

Markov chains.

Integration and probabilities.

Contrôle des connaissances

How do you assess that the objectives have been reached?

Two hand written exams for Time series part and one for 
Gaussian processes part

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

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.

Infos pratiques

Contacts

Education manager
JEAN YVES DAUXOIS
 dauxois@insa-toulouse.fr

Lieu(x)

 Toulouse
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Data Analysis

 ECTS
4 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
55h

Présentation

Description

Programme (detailed contents) :

* Introduction to exploratory analysis of big data

* Syntax and objects of R and Python languages, 
functions, object and functional programmation (Python).

* Multivariate exploratory statistical analysis. Principal 
component, discriminant and correspondence analyses, 
multidimensional scaling, NMF, hierarchical clustering, k-
means, mixture models and EM algorithm, DBSCAN.

Organisation :

* Lectures : 27.5 h

* Practical work of applications on real data sets with the 
software R and Python’s libraries (Scikit Learn) : 27.5 h

Main difficulties for students :

The achievement of a practical experience for conducting any 
statistical exploratory analyses on big and complex data sets.

Objectifs

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

* Data base organisation of R and Python data frames. 
Syntaxes R and Python languages. R and Python functions 
design, program and test.

* Statistical analyses of multidimensional data: dimension 
reduction and clustering with R and Python.

* Statistical interpretation of various graphical displays 
including the different kinds of factor analyses and 
clustering.

The student will be able to :

* Manage big data sets with R and Python.

* Lead exploratory data analyses of real big data. It 
includes univariate, bivariate and multivariate data analyses 
featuring PCA, MCA, FDA, NMF kmeans, mixture models, 
DBSCAN… depending on data structures and analysis 
purposes;
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* Detect relevant structures within complex data sets and 
compile insightful interpretations.

Pré-requis nécessaires

Statistics [ I3MIMT41]

Infos pratiques

Contacts

Education manager
Olivier Roustant
 roustant@insa-toulouse.fr

Lieu(x)

 Toulouse
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Human Resources Management and Group Work

 ECTS
6 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
75h

Présentation

Objectifs

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

Human Resource Management

Aims and organisation of a Human Resources position, job 
analysis and forecasting, recruiting, work motivation, skills, 
salary, training, career management, conflict mitigation, work 
contract

Social Psychology

Groups, what they are, their influences and dynamics

The student will be able to analyse a group situation

Pré-requis nécessaires

None

Infos pratiques

Lieu(x)

 Toulouse
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Research Project - Innovation - Engineering English

 ECTS
9 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
75h

Présentation

Description

After a call for tenders from the corporate sector (aeronautics, 
spacial, pharmaceutical sectors,…) or scientific laboratories 
(IMT, LISBP, LAAS, IMFT, LPNO, CEMES, …), students have 
to solve a mathematical modelling problem, supervised by 
specialists in the concerned domain (physics, mechanics, 
biology, finance, reliability...).

The essential point is the confrontation with a complex problem, 
whose solution is not known, even by the supervisor. This is 
the typical situation faced in research or innovation in industry 
and is a key factor in learning both autonomy and collaborative 
teamwork.

Through targeted activities (presentations in context, written 
accounts of experience...) the students will develop a working 
knowledge of the specificities of scientific English and be 
able to adapt their language strategies to specialists and non 
specialists.

Objectifs

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

* Principles of working in collaboration

* Mathematical models for applications in relation with 
other disciplines or with a specific industrial sector
* Self-assessment of results obtained with respect to 
objectives
* Differences between written and spoken scientific/
technical English

 The student will be able to:

* Interact with specialists or engineers of other disciplines 
in French and English
* Explain scientific knowledge to non specialists in English
* Organize group work
* Define the scope and specifications for an original 
problem of mathematical modeling
* Conduct  bibliographic research
* Develop an appropriate deterministic or stochastic 
model
*  Find a numerical solution
*  Account for results obtained, in a written report and oral 
presentation, and discuss the key elements of the project, in 
English
* Write a coherent abstract in English

Infos pratiques
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Contacts

Education manager
Pascal NOBLE
 noble@insa-toulouse.fr

Lieu(x)

 Toulouse
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High Dimensional and Deep Learning

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
40h

Présentation

Description

The main theme of the course is learning methods, especially 
deep neutral networks, for processing high dimensional data, 
such as signals or images. We will cover the following topics :

* Neutral networks and introduction to deep learning
: definition of neutral networks, activation functions, 
multilayer perceptron, backpropagation algorithms, 
optimization algorithms, regularisation.
* Convolutional neutral networks : convolutional layer, 
pooling, dropout, convoltional network architectures (resNet, 
Inception), transfert learning and fine tuning, applications for 
image or signal classification.
* Encoder-decoder, Variational auto-encoder, Generative 
adversarial networks.
* Functional decomposition on splines, Fourier or 
wavelets bases : cubic splines, penalized least squares 
criterion, Fourier basis, wavelet bases, applications to 
nonparametric regression, linear estimators and nonlinear 
estimators by thresholding, links withthe LASSO method.
* Anomaly detection for functional data : One Class 
SVM, Random Forest, Isolation Forest, Local Outlier Factor. 
Applications to anomaly detection in functional data.

Organisation:

* Lectures : 15H
* Practical works : 25H applications on real data sets 
with the softwares R and Python’s libraries Scikit Learn and 
Kears-Tensorflow.

Objectifs

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

* Using deep learnig methods for classification in high 
dimension
* Calssification of signal and images
* Estimation of the prediction error
* Dimension reduction by projections onto orthonormal 
bases
* Anomaly detection
* Application of deep learning methods on real data sets

The student will be able to:

*   Fit a deep neutral network for signal or image 
classification
* Implement deep learning methods in high dimension on 
real data sets with the softwares R or Python's libraries.

Pré-requis nécessaires

Probability and statistics
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Elements of statistical modelling [ I4MMMS71]

Infos pratiques

Lieu(x)

 Toulouse
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Computer experiments & Experimental Design

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
40h

Présentation

Description

Program (detailed content) :

Experimental Design Part :

* Linear covariance models, multiple interactions, mixed 
models.
* Principle of randomized experiments and classical 
experiments design
* Factorial, fractional designs
* Examples with the SAS or JMP software

Computer Experiment Part :

* Introduction: computer experiments and metamodelling. 
Examples of applications
* Two famous metamodels : chaos polynomials and 
Gaussian process regression (Kriging)
* Simulation of unconditional / conditional Gaussian 
processes
* Accounting for external knowledge and covariance 
kernel customization
* Metamodel-based optimisation (Bayesian optimisation)
* Design of computer experiments: focus on space-filling 
design

* Global sensitivity analysis: focus on ANOVA 
decomposition (Sobol decomposition)
* Industrial application: uncertainty quantification

Organization :

* Course, exercises, computer lab with R and JMP 
 softwares.

Objectifs

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

* The main methods of experimental design
* Metamodelling for optimization / uncertainty 
quantification of a computer code
* At least the two main families of metamodels  : chaos 
polynomials and Gaussian processes
* Kernel customization to account for external knowledge
* Design of computer experiments
* Global sensivity analysis

The student should be able :

Experimental Design part :
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* Plan an experiment in the framework of a linear model

Computer Experiment part :

* At a theoretical level, to do computations for:
* covariance kernels and Gaussian process
* ANOVA decomposition, Sobol indices

* At a practical level, to perform the complete methodology 
for analyzing a computer code

* design of experiments
* metamodel construction / evaluation
* application to optimization / uncertainty 
quantification of a computer code

Pré-requis nécessaires

* Elements of statistical modelling [ I4MMMS71]

* Softwares and methods of statistical exploratory data 
analysis [ 4MMSP81]

* Gaussian vectors.

Infos pratiques

Contacts

Education manager
Olivier Roustant
 roustant@insa-toulouse.fr

Lieu(x)

 Toulouse
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Computer experiments & Stochastic calculus

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
43,75h

Présentation

Description

Program (detailed content) :

Computer Experiments

* Introduction: computer experiments and metamodelling. 
Examples of applications
* Two famous metamodels : chaos polynomials and 
Gaussian process regression (Kriging)
* Simulation of unconditional / conditional Gaussian 
processes
* Accounting for external knowledge and covariance 
kernel customization
* Metamodel-based optimisation (Bayesian optimisation)
* Design of computer experiments: focus on space-filling 
design
* Global sensitivity analysis: focus on ANOVA 
decomposition (Sobol decomposition)
* Industrial application: uncertainty quantification

Stochastic calculus

* Continuous-time stochastic processes and martingales. 
Introduction to stopping-times.

* Construction of the Brownian movement and the 
stochastic integral then derivation of Itô's formula. Solving a 
Dirichlet problem using the Brownian motion.
* Introduction to stochastic differential equations (SDE) 
then derivation of the Fokker-Planck equations. Solving a 
parabolic equation using the solution of a SDE.

Organization :

* Course, exercises, computer lab with R software.

Objectifs

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

Computer Experiment

* Metamodelling for optimization / uncertainty 
quantification of a computer code
* At least the two main families of metamodels  : chaos 
polynomials and Gaussian processes
* Kernel customization to account for external knowledge
* Design of computer experiments
* Global sensivity analysis
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Stochastic calculus

* The brownian motion as well as the Wiener integral and 
Itô’s formula
* The relationship between a stochastic differential 
equation and its Fokker-Planck equation.
* The rewriting of a parabolic or elliptical problem using a 
well-chosen stochastic process.

The student should be able :

Computer Experiments

* At a theoretical level, to do computations for:
* covariance kernels and Gaussian process
* ANOVA decomposition, Sobol indices

* At a practical level, to perform the complete methodology 
for analyzing a computer code

* design of experiments
* metamodel construction / evaluation
* application to optimization / uncertainty 
quantification of a computer code

Stochastic calculus

* Derive simple models on noise filtration and stochastic 
control.
* Numerically implement the resolution of a parabolic or 
elliptic equation using a particle-based probabilistic method.

Pré-requis nécessaires

Gaussian vectors. Probability. ODE. Basics of PDE.

Contrôle des connaissances

How do you assess that the objectives have been reached?

Computer Experiments

* Written exam [60%]
* Lab work (groups of 4 students) [40%]

Stochastic Calculus

* 1 theoretical exam
* 1 Lab work

Infos pratiques

Contacts

Education manager
Olivier Roustant
 roustant@insa-toulouse.fr

Lieu(x)

 Toulouse
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Image

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
35h

Présentation

Description

Program:

* Mathematical modeling of the main image acquisition 
devices.
* Image restoration  : Modeling, total variation, noise 
reduction, inverse problems (inpainting, deconvolution, 
compressed image restoration).
* Image registration: Principle and Overview of variational 
models in registration and applications
* Sparse representation in a dictionary of atoms: principle, 
l0 and l1 minimization, compressed sensing (case l0 and l1 
with the RIP criterion), Orthogonal MatchingPursuit.
* Image segmentation: shape optimization with the 
levelset method of the maximum flow. Modeling for image 
segmentation: Mumford-Shah model, Chan-Vese, Boykov-
Jolly
* Non-local methods: Discrete Universal Denoiser, NL-
mean, non-local total variation.
* Learning methods (not convex) dictionary learning, K-
SVD.

Objectifs

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

The image acquisition process, the basics and the use of 
optimization methods for solving inverses problems meet in 
image processing. The main applications are image restoration, 
segmentation and registration.

The student will be able to:

manipulate, implement and perform tests on novel image 
processing methods. In order to do so, the student will need to 
calculate the gradients, projections and proximal operators he 
needs to implement an algorithm adapted to structure of his 
problem.

Pré-requis nécessaires

Basics in linear algebra, non-linear optimization, statistics and 
probability, programming

Infos pratiques

Contacts

Education manager
CHARLES DOSSAL
 dossal@insa-toulouse.fr
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Lieu(x)

 Toulouse
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Variational Data Assimilation & Model Learning

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
35h

Présentation

Description

Variational Data Assimilation

Examples of inverse problems  : least-squares (non-linear), 
optimal command, parameter identification, data assimilation.

Similarities with Artificial Neural Networks.

Optimal control:

                       ODE Linear-Quadratic case, maximum principle, 
Hamiltonian.

                       PDE non-linear, gradient computation via the adjoint 
equations, optimality system, Lagrangian.

Variational Data Assimilation.

                 Cost function, optimisation, regularisations.

Links between VDA, BLUE, sequential methods, Bayesian 
approach.

Model learning

Learning a model (ODE system or scalar PDEs) from large 
datasets.

*

Few programming practicals in Python: inverse problems 
 based on linear and non-linear advection-diffusion models.

Organisation

Variational Data Assimilation (VDA)

50% of classes are on flipped mode. Lectures – exercises – 
Python codes.

A complete Moodle page is available with:

-        A more than complete course manuscript (140 pages with 
“to go further sections”),

-       exercises with their corrections,

-       programming practical(s) (lab tutorials) with Python codes.
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The marked programming practical consists to solve a 
challenging inverse problem arising in Earth Sciences (spatial 
hydrology). Programming in Python (with Fenics library).

Objectifs

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

Variational Data Assimilation

-  Fuse at best a PDE model with datasets.

- The optimal control of dynamic systems (ODE) and PDE 
models.

- To compute a gradient via the adjoint method.

- The basic principles of Automatic Differenciation.

- Algorithms of parameters identification, model calibration, 
Variational Data Assimilation (VDA).

- Introduce prior information via covariances matrix

- Links between VDA, BLUE, Kalman filtering and Bayesian 
approach.

Model learning

- Learning a model, ODE or (scalar)  PDE from datasets and an 
a-priori given dictionary.

The student will be able to :

Set up the equations and the complete modeling chain 
to perform parameters identification / model calibration / 
Variational Data Assimilation for PDE models.

Identify physical based model terms (e.g. ODE terms) from 
datasets.

Pré-requis nécessaires

Variational Data Assimilation :

PDE (& ODE) models, differential calculus, optimisation, basis of 
functional analysis, numerical schemes, programming.

Contrôle des connaissances

How do you assess that the objectives have been reached?

Variational Data Assimilation (VDA)

- 2-3 mid-term examinations (exercises with answers in Quiz 
form)

- 1 programming practical with written report (+ source code).

The inverse problem solution is in a “challenge” form : what is 
the river bathymetry which has provided the assimilated surface 
signature ?

Infos pratiques

Lieu(x)

 Toulouse
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Advanced models and numerical methods for fluid 
mechanics

 ECTS
3 crédits 

Volume horaire
35h

Présentation

Description

Program (detailed content) :

Modeling of turbulent flows and applications (18h45)

* Physics of turbulence: origin, Kolmogorov cascade, 
mechanisms of mechanical energy dissipation.
* Statistical modeling: RANS equations, Boussinesq 
model, k-eps and k-omega models
* Large eddy simulation (L.E.S.)
* Turbulent boundary layer and notion of wall laws.
* Labwork 1: Writing of a 1D finite volume code in PYTHON 
language for modeling turbulent flow in a pipe. Comparison 
with empirical laws.
* Labwork 2: Calculation of flows around an airfoil with 
FLUENT software.

Numerical methods and applications (16h15)

Finite volume method for hyperbolic systems of conservation 
laws. Application to compressible fluid mechanics - Labworks 
in PYTHON language

Organisation :

Conventional lectures/tutorials + class work (labwork)

Main difficulties for students:

  Balance between mathematical rigour and the level of 
approximation necessary to obtain physical models adapted to 
the desired level of description.

Objectifs

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

* the different models used to describe the dynamics of 
turbulent flows
* the principles and the theoretical background of the 
finite volume methods used for hyperbolic systems of 
conservation laws and in computational fluid dynamics.

This course completes and deepens the basic notions of the S8 
course entitled: "Numerical models and methods for fluid and 
structural mechanics".

The student will be able to :
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* Understand the models used to describe the dynamics 
of turbulent flows,
* Know the underlying assumptions and the limits of 
validity of these models,
* Know/understand the main numerical methods used in 
CFD and apply them,
* Use a model and a numerical method adapted to the fluid 
mechanics problem to be solved and the desired accuracy.

Pré-requis nécessaires

Basic skills in computational fluid mechanics (dynamics of 
incompressible flows, general principles of the finite volume 
method)

Contrôle des connaissances

How do you assess that the objectives have been reached?

Class work (labwork) and a final written exam.

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

Infos pratiques

Contacts

Education manager
PHILIPPE VILLEDIEU
 pvilledi@insa-toulouse.fr
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Advanced modeling in computational structural 
mechanics

 ECTS
3 crédits 

Volume horaire
35h

Présentation

Description

Program (detailed contents) :

Numerical modeling of thin structures

* Construction of a beam model from standard 3D solid 
elasticity
* Variational formulation, connection with energy 
minimization and numerical resolution by the finite element 
method.

CAD-analysis relation

* Fundamentals for describing geometries in CAD.
* Isogeometric analysis: spline finite elements
* Application for the computation of beam models.

Model and computation of contact problem

* Frictionless contact between elastic bodies, Signorini 
conditions
* Introduction to variational inequalities
* Numerical methods for contact problems : penalty, 
regularization, duality

Data-Driven Computational Mechanics

* Introduction of the concept and application on a 2D 
example of lattice.

Image registration using the FE modeling

* Digital image correlation
* Data-model combination in experimental mechanics

Organization :

Conventional lectures/tutorials + class work (labwork)

Main difficulties for students :

To connect their mathematical knowledge and modelling 
problems in mechanics.
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To step back on the finite element method for its application to 
structural mechanics.

Objectifs

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

A few advanced modelling methods in structural mechanics 
to tackle current real applications such as :

* computation of shell-type structures;
* use of CAD data for the computation;
* model and computation of contact problems between 
elastic bodies;
* image registration in view of performing data – model 
comparison in experimental mechanics.

The student will be able to :

On simple cases :

* Formulate and solve by the FEM beam models.
* Apprehend a computational technique based on the 
exact geometric representation in CAD (NURBS-based 
isogeometric analysis).
* Formulate and solve using various finite elements 
algorithms a frictionless contact problem
* Apprehend the data-driven (model-free) paradigm in 
computational mechanics.
* Identify material properties by image data - model 
comparison.

 

Pré-requis nécessaires

* Continuum mechanics.
* Elasticity modelling.
* Finite element method.

Contrôle des connaissances

How do you assess that the objectives have been reached?

Class work (labwork) and a final written exam.

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

Assessment during labwork which helps structuring the 
knowledge acquired during the course.

Merging of knowledge between students during class work.

Bibliographie

Bischoff, M., Ramm, E., & Irslinger, J. (2018). Models and 
finite elements for thin#walled structures.  Encyclopedia of 
Computational Mechanics Second Edition, 1-86.

J.  Austin Cottrell,  Thomas J. R Hughes,  Yuri Bazilevs, 
Isogeometric Analysis: Toward Integration of CAD and FEA, 
Wiley , 2009, ISBN: 978-0-470-74873-2

SUTTON, Michael A., ORTEU, Jean Jose, et SCHREIER, 
Hubert.  Image correlation for shape, motion and deformation 
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measurements: basic concepts, theory and applications. 
Springer Science & Business Media, 2009.

Kikuchi, N. and Oden, J.T. Contact problems in elasticity. A study 
of variational inequalities and finite element methods. SIAM, 
1988.

Kirchdoerfer, T., & Ortiz, M. (2016). Data-driven computational 
mechanics.  Computer Methods in Applied Mechanics and 
Engineering, 304, 81-101.

Infos pratiques

Contacts

Education manager
ROBIN BOUCLIER
 bouclier@insa-toulouse.fr
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Reliability and Lifetime analysis

 ECTS
3 crédits 

Volume horaire
35h

Présentation

Description

Lifetime:

Censored or truncated data,  instantaneous hazard rate, ageing 
models, parametric and nonparametric (Kaplan-Meier and 
Nelson-Aalen) estimation, models with covariates (regression 
models of Cox and of Aalen), bayesian approach.

System structure and Reliability:

reliability diagram, series system, parallel system, k/n or mixed 
system, structure function.

Reliability of repairable systems:

Reliability and Availability, Markov models, failure intensity 
process, homogenous and non homogeneous Poisson 
process models, renewal process, corrective and préventive 
maintenance, imperfect maintenance models, dégradation 
models and maintenance policy.

Objectifs

At the end of this module, the student will be able to drive the 
following process and to explain the obtained conclusions :

* Using the Reliability database in order to estimate the 
functions of interest

* Analyzing and exploiting the   structure of a system 
to derive its reliability from the characteristics of its 
components
* Modeling the recursive occurrences of the failures on 
a system. Modeling the évolution of the system-state with 
time.
* Modeling the effect of maintenance and its planning 
according to the observations made on the system 
(dégradation process in particular)

Pré-requis nécessaires

* Markov chains and applications (MIC3)
* Inferential Statistics ( I3MIMT41)
* Statistical Modelling ( I4MMMS71)
* Poisson processes, applications in Insurance and 
Reliability ( I4MMSP81)

Contrôle des connaissances

How do you assess that the objectives have been reached?

At the beginning of the Courses a list of skills (on which 
the evaluation will be based) will be given to the students. A 
labwork will allow to evaluate the practical implementation of 
the notions by the students.

How does your assessment system help the student to reach 
the objectives?
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For each skill, an evaluation will be given using the overall grades 
A, B, C or D already used at INSA Toulouse. This will enables 
each one to appraise his understanding of the skill of interest.

Infos pratiques

Contacts

Education manager
JEAN YVES DAUXOIS
 dauxois@insa-toulouse.fr
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IA Frameworks

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
35h

Présentation

Description

Program (detailed contents):

* - Introduction to Pytorch
* - Cloud computing
* - Deployment into production
* - Natural language processing
* - Recommendation systems
* - Reinforcement learning
* - Interpretability in machine learning

Organization:

* Lectures : 10H
* Workshops, tutorials and self learning: 25h

Main difficulties for students:

Apprehend new technologies and use them to handle Artificial 
Intelligence challenge.

Objectifs

This course follows the  Machine Learning and the  High 
Dimensional & Deep Learning.

This course introduces students to the various machine 
learning tools and applications that they are likely to use in the 
professional world.

In particular, they will learn how to share their code and deploy 
trained models in production.

They will discover:

- How to build intelligent recommendation systems

- how to process textual data

- how to train autonomous agents to make sequential decisions

54 / 61 Non-contractual information.

https://github.com/wikistat/Apprentissage
https://github.com/wikistat/High-Dimensional-Deep-Learning
https://github.com/wikistat/High-Dimensional-Deep-Learning


- methods to better interpret the decisions provided by machine 
learning systems.

- Methods from collaborative filtering to create 
recommendation engines and their deep learning equivalents

Pré-requis nécessaires

Exploratory Data Analysis

Machine Learning / Deep Learning

Python

Contrôle des connaissances

How do you assess that the objectives have been reached?

Evaluation is done through a project due at the end of the 
semester.

The project concerns the application of all the notions seen 
during the courses and practical work

An oral session will be used to evaluate this project and the 
student's knowledge.

Small evaluations of about ten minutes will take place at the 
beginning of the practical sessions.

          

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

The evaluations at the beginning of the practical sessions will be 
designed to encourage students to work on the course before 
the sessions.

The final evaluation by project will allow to revise the notions 
seen during the semester.

Bibliographie

 https://wikistat.github.io/AI-Frameworks/index.html

Infos pratiques

Lieu(x)

 Toulouse
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Poisson processes and application to reliability theory 
and actuarial sciences

 ECTS
3 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES DE 
TOULOUSE


Volume horaire
35h

Présentation

Description

The Poisson process is widely used to model random "points" in 
time and space (e.g. claim arrivals in insurance, or failure times 
in reliability theory).

Furthermore, this model is widely used to construct number 
of other, more complex, random processes (e.g. compound 
processes to model the risk process in actuarial science).

The aim of this lecture is to introduce such models and 
study their fundamental properties from both probabilistic and 
statistical aspects, with application to reliability theory and 
actuarial science.

This lecture is divided into two parts:

Part I: Big picture

Introduction of the theoretical tools for:

* Homogeneous and inhomogeneous Poisson processes 
(definitions and basic properties).
* Inferential Statistics for homogeneous Poisson 
processes (estimation and tests for the process intensity).
* Simulation methods for Poisson processes.

Part II: Mini-Projects

Application and illustration on real and/or simulated data of 
different aspects of Poisson processes.

Objectifs

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

* Know and understand the Poisson process theory 
fundamentals.
* Estimate the rate of a homogeneous Poisson process 
and construct confidence intervals and statistical tests for 
such rate (theoretically and in practice with the R Statistical 
Software).

Model the recursive occurrences of the failures on a system, or 
the claim times in Insurance by Poisson processes.
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Pré-requis nécessaires

* Probability and Statistics  [I2MIMT31]
* Statistics  [I3MIMT41]
* Elements of Statistical Modeling  [I4MMMS71]

Bibliographie

Ross, S. M. (2006). Introduction to Probability Models, ISE. 
Academic press.

Infos pratiques

Contacts

Education manager
MELISANDE ALBERT
 m_albert@insa-toulouse.fr
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Mathematical models and numerical methods for 
Actuarial Sciences

 ECTS
3 crédits 

Volume horaire
35h

Présentation

Description

1. Introduction and vocabulary for Actuarial risk 
management.
2. Definition and analysis of the Cramér-Lundberg model: 
compound Poisson processes, ruin, premium and risk 
reserve.
3. Some stochastic and machine learning algorithm 
applied to actuarial data.
4. Introduction to risk measures.

Objectifs

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

* Understand the main notions and issues of risk modeling 
in Actuarial sciences.

* Know the definition and the notions of ruins, pricing and 
risk reserving in the framework of the Cramér-Lundberg 
model.

* Know the main machine learning algorithms for risk 
management in the context of life and non-life insurance 
contracts data.

* Know the main notions of risk measures in light of risk 
management issues.

Pré-requis nécessaires

-       Probability and Statistics (I2MIMT31)

-       Poisson processes and application to reliability theory and 
actuarial sciences ( I5MAOPPDP11)

Contrôle des connaissances

How do you assess that the objectives have been reached?

At the beginning of the Courses a list of skills on which the 
evaluation will be based on, will be given to the students.

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

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 
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already used at INSA Toulouse, and which enables one to 
appraise his understanding of the skill under interest.

Infos pratiques

Contacts

Education manager
ANTHONY REVEILLAC
 +33.(0)665206283
 reveilla@insa-toulouse.fr
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Training period (5th year)

 ECTS
21 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
2h

En bref
 Langue(s) d'enseignement: Français, Anglais

Infos pratiques

Lieu(x)

 Toulouse
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Training period (4th year)

 ECTS
9 crédits  Composante

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Volume horaire
1h

En bref
 Langue(s) d'enseignement: Français, Anglais

Infos pratiques

Lieu(x)

 Toulouse
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