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Program

FOURTH YEAR - AM
4th YEAR APPLIED MATHEMATICS

SEMESTER 7_4th YEAR AM

APPLIED MATHEMATICS FIELD_13
ECTS

Statistical Modelling
Optimisation
PDE 2 (OPTIONAL TEACHING)

Advanced probability (OPTIONAL
TEACHING)

TRANSVERSES FIRELD_10 ECTS

High Performance Computing,
Tools and methodologies for
software development

Quality, security, environment

Reding Seminar (or Challenge
based learning)

HUMANITIES FIELD_SEMESTER 7_7

ECTS

Law (elective)

Finance (elective)
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Strategies for Responsible
Companies

Foreign Language

Physical Education

SEMESTER 8_4th YEAR AM

MAJORS FIELD (common core) _12
ECTS

Machine learning
Signal

Project Research - Innovation

MINORS FIELD_10 ECTS
(=Electives/Optionals)

Finite Element Methods (optional
choice)

Models and numerical methods for
solid and fluid mechanics

Data analysis

Stochastic Processes:

HUMANITIES FIELD_SEMESTER 8

English

Imagining the Future/Prospective
Method
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Physical Education

Individual Professional Project

FIFTH YEAR - MA
5th YEAR APPLIED MATHEMATICS

SEMESTER 9_5th YEAR AM

5th YEAR AM

MAJORS FIELD (= Common Core)_15
ECTS

High Dimensional and Deep
Learning (HDDL)

Metamodelling

Rl Project

MONORS FIELD (elecctives)_9 ECTS

Image

Data Assimilation
IA Frameworks (AIF)
Stochastic Calculus

Lifetime Analysis

HUMANITIES FIELD_SEMESTER 9

Social Psychology & Ethics
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Team Management
Physical Education

Professional Project

5th YEAR _PTP RISK
ENGINEERING_SEMESTER 9

Liste d’éléments pédagogiques
Qualitative Approach

Quantitative Approach

Designing for safety

Process Safety

Functional Safety

Structural Safety

Toxic risks

SEMESTER 10 5th YEAR AM

Liste d’éléments pédagogiques
Training period 5th year

Training period 4th year




INSTITUT NATIONAL
‘ DES SCIENCES

APPLIQUEES

TOULOUSE

Statistical Modelling

Introducing

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

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
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-Build nonparametric 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

-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

Necessary prerequisites

Probability and Statistics (I2MIMT31)
Statistics (I3MIMT15)

Fvaluation

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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Optimisation

Introducing

Description
Program (detailed contents):

- Elements of convex analysis: convexity, lower semi-
continuity, notion of subdifferential, elements of
analysis for algorithmic purposes (Lipschitz gradient
functions, strong convexity, conditioning)

- Optimality conditions (Karush Kuhn Tucker conditions,
second order sufficient conditions)

- Lagrangian duality

- Algorithms  for  unconstrained  differentiable
optimization and link with ODEs: generalities on
descent methods, gradient algorithms, Newton and
quasi-Newton algorithms. Convergence study and
convergence speed depending on the geometry of the
functions to be minimized.

- Algorithms  for  constrained  differentiable
optimization: SQP, penalization methods, augmented
Lagrangian.

- Convex optimization: how convexity can improve the
convergence speed of algorithms.

- Inertial  algorithms,  Nesterov  acceleration.
Subgradient algorithms. Notion of proximal operator,
Moreau regularization, proximal algorithms. Splitting
methods: Forward Backward algorithm and Nesterov
acceleration (FISTA). Study of convergence and

convergence rate on the class of convex functions.
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Objectives

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

* Existence and uniqueness conditions for solutions of
an optimization problem (constrained differentiable
optimization, non-differentiable convex optimization)

* Optimality conditions: Karush Kuhn Tucker points in
the constrained differentiable case, optimality NHA in
unconstrained convex optimization.

* The duality principle: Lagrangian duality, Fenchel-
Rockafellar duality

* Gradient and Newton type algorithms, and their
convergence results, classical algorithms of constrained
optimization:

* The general principle of inertial algorithms:
acceleration of gradient algorithms, generalization to
the composite case.

The student will be able to:

- Interpret the behavior of an algorithm as a
discretization of a dynamic system

- |dentify classes of optimization problems and propose
algorithms adapted to the geometry of the functions to
be minimized.

- Implement and numerically calibrate these algorithms.

Necessary prerequisites

Basics of differential calculus and linear algebra.

INSTITUT NATIONAL
DES SCENCES
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TOULOUSE
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3rd year MIC optimization course

Evaluation

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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PDE 2 (OPTIONAL TEACHING)

Introducing

Description
Program (detailed contents):

Modeling with PDE (nonlinear PDEs in one dimension
space)

1. Ecology, Population
(reaction-diffusion equations)

2. Traffic, Ecology (forest fire): nonlinear advection

Dynamics, Epidemiology

equations
3. Wave propagation phenomena (elliptic equations)

Elliptic equations : analysis and simulation

1. Variational formulation: weok derivatives, weak
solutions, Sobolev spaces

2. Finite element methods (in one dimension space):
Galerkin methods, P1 and P2 elements, convergence
and error estimates, qualitative properties

Hyperbolic equations: analysis and simulation

1. Method of characteristics, weak solutions, formation
of shocks in finite time, maximum principle

2. Finite volume methods (in one dimension space):
centered and upwind schemes, discrete maximum
principle, order 1 and 2 methods.

Objectives

At the end of this module, the student will have
understood and be able to explain (main concepts):
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¢ Main PDE models found in the literature in biology,
ecology, physics and engineering.

¢ Notions of weak derivatives, weak solutions and
variational formulations

¢ Finite elements and finite volume methods:
formulation, implementation and convergence.

The student will be able to:

¢ Derive a variational formulation of an elliptic problem
¢ Implement finite elements method in 1d for elliptic
equations.

¢ Solve nonlinear scalar hyperbolic equations with
method of characteristic

¢ Implement finite volume method in 1d for hyperbolic
equations.

Necessary prerequisites

Ordinary differential equations : modeling, existence of
solutions, qualitative study, numerical simulation
(convergence, stability, order)

Introduction to PDE (EDP1): linear equations, analytic
resolution, finite difference methods

Evaluation

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...
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Practical info

Location(s)

o Toulouse
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Advanced probability (OPTIONAL TEACHING)

Introducing

Description

Syllabus (detailed contents):

- Conditional expectation, filtration, martingale,
submartingale and supermartingale, Doobés theorem,
optional stopping theorem, convergence theorems, law
of large numbers and central limit theorem for
martingales. Parametric estimation through maximum
likelihood estimation in Markovian models.

- Background on deterministic gradient descent,
Introduction to Robbins-Monro algorithms and links
with classical results (Law of Large Numbers), Robbins-
Siegmund  Lemma, Robbins-Monro
Theorems, Applications (Two-Armed Bandit, quantile,

Convergence

quantization, Linear Regression in high dimension).

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 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
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different problems (quantile, quantization,é)

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,é)

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

Necessary prerequisites

Necessary knowledge:

A basic course on probabilities.

Evaluation

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)
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High Performance Computing, Tools and methodologies

for software development

Introducing

Description
Program (detailed content):

HPC
-Computation of eigenvalues ééfor large systems (2
Lectures, 1Lab Work)

- Machine architecture: calculation units and typology
(CPU, GPU and others), cache memory hierarchy,
interconnection networks, principles of spatial and
temporal locality, vectorization, etc.

- Parallelization: degrees of parallelism (Amdahl's law,
scalability, etc.), shared memory paradigm with
OpenMP, distributed memory paradigm with MPI,
principles of reduction, data race, etc.

Subtotal: (4 Lectures, 3 Lab Works)

IT tools and methods

- IT development tools and methods: desirable
interdisciplinary  project implementing IT project
management logic: agile project management methods
and tools, software engineering methods and tools
(object-oriented design and production, advanced
algorithmics), collaborative tools , programming
support tools, continuous integration tools. The
acquisition of the knowledge necessary for the
implementation of the tools and methods will be done
through self-training through a series of micromodules
provided (agile method, Monday, Teams, Trello,
GitLab, Linter, Mattermost, Jira, etc.).

(1 Lab Works, 1 Mentored Project=36h)
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Objectives

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

- General concepts of project management and
collaborative IT development

- General concepts of high performance computing
with parallelization techniques.

- Galerkin approximation of an eigenvalue problem,
Krylov spaces and the Arnoldi process

The student must be able to:

- Structuring an IT development project according to its
main dimensions and an agile method: organization
and comitology, sizing, planning, sprints and main
milestones, collaborative development and continuous
integration tool chain, communication, documentation
- Know the vocabulary of high performance computing
and know the basic elements of parallelization.

- Implement the Arnoldi method for calculating extreme
eigenvalues of a matrix

Evaluation

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)
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Quality, security, environment

Introducing

Description

Program (detailed contents):

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

- Health and Safety at work: notions of risks,
evaluation, prevention, protection.

- Notions of IT security: bases of cryptography;
electronic certificates; protocol https; digital signature.

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 control

- The principles and stakes in the health and in the
safety at work.

- The main concepts of the IT security.

The student will be able to:
- Integrate the aspects of Quality, Security,
Environment into the analysis of problems and the
development of solutions.

Statistics course of 3MIC.

Necessary prerequisites

For the statistical process control part, the Probability
and Statistics course of 2MIC and the Inferential

13/58
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Evaluation

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

INSTITUT NATIONAL
DES SCENCES
APPLIGUEES
TOULOUSE

INSA




INSTITUT NATIONAL
‘ DES SCIENCES

APPLIQUEES

TOULOUSE

Reding Seminar (or Challenge based learning)

Introducing

Description

During the Reading Seminar, students will work on
different bibliographic resources (research articles,
books, digital resources) in order to prepare the S8
Research Innovation project. Their objective will be to
understand in depth certain mathematical results or to
reproduce certain numerical experiments proposed in
the articles. They will produce a summary explaining
their work in an educational manner and according to
precise specifications (summary, citations, elements of
evidence, statement of results, production of graphs).

Objectives

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

- Principles and operation of a collaborative work
environment

- Project management (PERT, GANTT, WBS)

- Self-evaluation of the results obtained in relation to
the objectives.

The student will be able to:

- Produce a synthesis of the results of a research article
- Carry out relevant bibliographic research to deepen
the understanding of a mathematical result (theoretical
or numerical)

- Work collaboratively in a small group

- Use bibliographic and digital collaborative tools

14/58
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Evaluation

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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Law (elective)

Introducing

Description

The law course is backed by digital support in Moodle
including course elements, tutorials and a Bibliography
+ webography

The main areas studied are as follows:
Legal structures of the company

The main contracts and institutions of business life
Risk and liability

Objectives

At the end of this course, students will know the legal
context and legal implications of the company's activity

Necessary prerequisites

None
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Evaluation

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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Finance (elective)

: Evaluati
Introducing valvation

L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des

. enseignements, elle peut prendre différentes formes :
DeSC”pt|On examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs...

Practical info

Financial diagnosis: Analysis of Balance sheet. The
break even point. Analysis of profit or loss account. The

capacity for self-financing. Ratios.
Investment process: Net Cash Flows and selection LOCOtiOn(S)
criteria with or without updating based on the

fitability of an investment.
protitapility or an investmen o TOUlOUSe

Objectives

Be able to objectively assess the financial health of a
company and evaluate the profitability of an
investment.

Necessary prerequisites

financial management course (3td year) : to know
about the company's financial statements, balance
sheet and income statement

INSTITUT NATIONAL
DES SCENCES
APPLIGUEES
TOULOUSE
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Strategies for Responsible Companies

Introducing

Description

The resources of the responsible business strategy
module are 100% online in Moodle

The main areas studied are as follows:
Reflection on the engineer of tomorrow

Definitions, issues and limits of conventional business
strategy

Knowledge of the markets
Design and develop a sustainable offer
Build a fair pricing policy

Develop responsible and effective communication

Objectives

At the end of this course, students will be able to:

- Carry out a diagnosis of the market and the company
to make decisions and set strategic objectives

- Mobilize market knowledge to implement a
responsible strategic action plan with regard to

17/58
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ecological, economic and social issues.

Necessary prerequisites

None

Evaluation

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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Foreign Language

Introducing

Description

Evaluation

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)

Q Toulouse

18/58 Non-contractual information



INSTITUT NATIONAL
‘ DES SCIENCES

APPLIQUEES

TOULOUSE

Physical Education

Introducing

Description

Evaluation

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)

Q Toulouse
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Machine learning

Introducing

Description
Program (detailed contents):

- Introduction to machine learning

- Risk estimation (or generalization error), Optimization
of the bias/variance trade-off

- Model selection and variable selection via penalized
criteria: Mallows CP, BIC, Ridge, Lasso

- Linear and quadratic discriminant analysis, k nearest
neighbors.

- Binary classification and regression trees (CART)

- Tree aggregation, random forests

- Support Vector Machine and Support Vector
Regression

- Neural networks, multilayer perceptron, gradient
backpropagation algorithm, optimization algorithms,
introduction to deep learning.

- Boosting algorithms

- Missing data imputation.

- Bias of algorithms

- Legal framework and societal impacts of Al.

Objectives

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

-The properties of the main learning methods and their
limitations.

- The principle of bias-variance trade-off, model
selection

- Algorithms and methods for estimating a risk (cross

20/58
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validation, bootstrap..)

- Optimization and implementation of the main
methods in R and Python (Scikit-learn).

- Ethical and legal principles of Artificial Intelligence.

The student will be able to:

- Analyze datasets from various domains (meteorology,
marketing, industry, ...) with R and Python libraries.

- Implement the main methods and run the following
learning algorithms: discriminant analysis, k-nearest
neighbors, classification and regression trees, random
forests, neural networks, SVM, boosting.

- Optimize the values of the hyper-parameters,
automate the processing chain.

- Optimize the management of missing data.

- Detect legal or ethical flaws (bias, discrimination,
opacity) in machine learning algorithms.

Necessary prerequisites

Statistical modelling
Introduction to R and Python languages

Evaluation

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

INSTITUT NATIONAL
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Location(s)

Q Toulouse
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Signal

Introducing

Description

Necessary prerequisites

Signal 1
Optimization 1 & 2

Evaluation

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)

Q Toulouse

22/58 Non-contractual information



INSTITUT NATIONAL
‘ DES SCIENCES

APPLIQUEES

TOULOUSE

Project Research - Innovation

Introducing

Description

The student will work on an open problem in applied
science and will implement

the four major skills of the engineer in applied
mathematics

- Reformulate a user need to produce a problem that
can be treated mathematically

- Analyze and design a digitally implementable solution
to the mathematical problem posed

- Implement the digital solution to make it a
demonstrator

- Use the technical and digital solution to produce a
decision support tool (a study or a calculation code)
meeting user needs

Objectives

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

- Principles of mathematical modeling of an application
problem in relation to another discipline or a particular
industrial sector

- Self-evaluation of the results obtained in relation to
the objectives.

The student will be able to:

- Interact with a specialist or engineer from another
discipline

- Organize collaborative work in small groups

- Define the framework and specifications of an original
mathematical modeling problem

23/58
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- Conduct the necessary bibliographic research to solve
the problem

- Develop the deterministic and/or stochastic model
adapted to its resolution

- Implement its numerical resolution

- Report in writing and orally on the results obtained

Evaluation

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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Finite Element Methods (optional choice)

Introducing

Description
Program (detailed contents)
Finite Elements Methods

FE BASES

* Recalls. Analysis of elliptic PDEs : weak solution vs
classical solution, Sobolev spaces, Lax-Milgram theory,
a-priori estimations. Boundary conditions. Energy
minimization. (2 Lectures, 1Tutorial)

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

1 Lab Work with FreeFEM++

* Finite Element Method (FEM) principles in multi-D:
discretisation, approximation, Error analysis (a-priori).
(lLecture, 1Tutorial).

* In practice: data  structures, implementation
(assembly algorithm). Convergence curves (code
validation from exact solutions). (2 Lectures, 1 Tutorial,
2 Lab Works with Python)

DISCONTINUQUS GALERKIN (DG) METHODS

* Discontinuous Galerkin Method for Diffusive and
transport problem: Broken spaces, jumps and interior
penalty techniques, stability, introduction to non-

conforming analysis.
(3 Lectures, 1 Tutorial, 1 Lab Work)

ADVANCED FE METHODS

* The advection-diffusion equation:

- Analysis and nadive discretization. (1 Lecture, 1
Tutorial)

- Transport term: FE stabilisation (SD, SUPG). (1
Lecture, 1 Tutorial)

*

Non-linear models: linearization (1 Lecture, 2

24/58
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Tutorials, 3 Lab Works)

differential  calculus  /
theorem)+ help to the marked practical).
* Unsteady models: semi-discretisation. 1Lecture, 1Lab
Work

(Including: Riez-Frechet

PDE MODEL REDUCTIONS

* Model Reduction for parametrized PDEs, offline-online
strategies.

Linear PDEs: POD method. (1,5 Lecture, 1Lab Work)
Non-linear PDEs: Hybrid approaches POD - Neural
Networks. (1.5 Lecture, 1 Lab Work)

Objectives

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

- How to build up a FE scheme.
- How to elaborate an off-online strategy of resolution.

The student will be able to:

- Write weak forms of PDEs (and energy minimization in
symmetric cases).

- Write and implement Finite Element schemes for linear
and nonlinear scalar PDEs

- Employ Finite Element libraries: FEnICS - Python and
FreeFem++.

- Set up an offline ¢ online strategy (real time
computations):
POD reduction for linear PDEs,
Hybrid POD-ANN (Neural Networks) for non-linear
PDEs.
- Simulate classical phenomena : linear/nonlinear

advection-diffusion equations
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Necessary prerequisites

Fundamentals of PDE models and math. analysis,
Numerical analysis.

Evaluation

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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Models and numerical methods for solid and fluid

mechanics

Introducing

Description
Program (detailed contents):
Fundamental concepts of continuum mechanics:

- Physical properties of fluids and solids.

- Lagrangian and Eulerian formulations

- Tensor of deformations, strain rates and stresses

- Derivation of the general equations of continuum
mechanics

Modeling and scientific computing in fluid mechanics:

- Dynamics of viscous incompressible fluids

- Dynamics of incompressible perfect fluids, potential
flows

- Introduction to the finite volume method (FVM) for
incompressible viscous fluids

- Implementation in PYTHON of the FVM on a simple
problem

- Use of the industrial software FLUENT to model and
compute the solution of some 2D problems (driven
cavity, flow around a wing profile)

Modeling and scientific computing in  structural
mechanics

- Variational formulation and relation with the energy
minimization for the elasticity problem.

- Numerical solution of elasticity with the finite element
method.

- Modeling and computation of static as well as
dynamic elastic problems through the use of an
industrial software (ABAQUS)
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- Multiscale model and code coupling.

- Development of python routines for the computation
of stress concentration and local propagation of cracks
within solids

- Data-Driven Computational Mechanics

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

Objectives

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:

- Know the main models used in continuum mechanics
for fluids and solids

- Calculate exact solutions of simple problems and
know how to interpret them physically

- Evaluate orders of magnitude

- Formulate and solve the dynamics of an
incompressible flow using the finite volume method.

- Formulate and solve the problem of elasticity using
the finite element method.

- Use an industrial software to model and compute the
elasticity problem in both static and dynamic modes,
and some fluid mechanics problems, for incompressible
and compressible flows

- Write and implement a mixed formulation to couple
different elastic domains and different numerical codes
used as black-boxes.

- Apprehend the data-driven (model-free) paradigm in
computational mechanics.
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Necessary prerequisites

Fundamentals in:

- Mechanics (forces, Newton's laws, kinetic energy,
potential energy)

- PDE course (finite element method in 1D, finite volume
method in 1D)

- Analysis and electrostatic courses: Differential and
integral calculus for functions of several variables
(gradient, Jacobian, Ostrogradsky's theorem ...)

Evaluation

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
Program (detailed contents):

- Introduction to exploratory data analysis

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

- Factorial methods. Reminder on principal component
analysis (PCA). Variants of PCA for quadlitative data
(correspondence  analysis),  classification  (linear
discriminant analysis),

(multidimensional scaling), non-linearities (kernel PCA)

distance-based data

- Clustering: reminder on basic techniques (k-means,
hierarchical clustering). Mixture models and EM
algorithm. Community slicing or graph clustering.

- Non-négative matrix factorization (NMF) and
introduction to recommendation.

Objectives

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:
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- 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;

- Detect relevant structures within complex data sets
and compile insightful interpretations.

Evaluation

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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Stochastic Processes:

Introducing

Description
Program (detailed contents):

Time series

- Introduction and Descriptive Analysis: Time series
decomposition, Estimation and Elimination of Trend
and Seasonal Components

- Random Modeling of Time Series: Stochastic process,
stationnarity, Autocovariance Function

- Statistical Inference of Stationary processes of order
2: Moment Estimation, Best linear predictor, Partial
autocorrelation, statistical tests

- ARMA and ARIMA Models: AR process, MA process,
ARMA et ARIMA processes

The practical labworks will be performed with R
software.

Poisson processes and application to reliability and
actuarial science

Ist part: Theoretical foundations

- Probability distributions in reliability theory, hazard
rate, memoryless distributions

- Introduction to homogeneous Poisson processes:
definitions, fundamental properties, and simulation
methods

- Inferential statistics for the homogeneous Poisson
process (likelihood, estimation of the rate, confidence
intervals, statistical tests)

- Introduction to inhomogeneous Poisson processes:
definition, fundamental properties, simulation methods,

and likelihood

2nd part: Mini projects
Application and illustration of different aspects of the
Poisson process on real and/or simulated data in
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reliability theory or actuarial science (e.g. Cramér-
Lundberg model)

The practical labwork and the projects will also be
performed with the R software.

Objectives

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

Time series

- Trend and seasonality of a time series

- Definitions and properties of stationary processes

- The autocovariogram and autocorrelograms (total
and partial) of a stationary process

- The ARMA and ARIMA models

Poisson processes and application to reliability and
actuarial science
- Homogeneous and inhomogeneous Poisson processes
- Statistical inference for homogeneous Poisson
processes

The student will be able to:

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.
- Apply these concepts using R software

Poisson processes and application to reliability and
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actuarial science

- Know and understand the (homogeneous and
inhomogeneous) 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
software)

- Draw at random (homogeneous and inhomogeneous)
Poisson processes using different methods

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

Necessary prerequisites

- Probability and Statistics (L2/2MIC)

- Probability and Data Analysis (L3/3MIC)
- Inferential Statistics (L3/3MIC)

- Statistics Modelling (M1/4MA)

Evaluation

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)

©Q Toulouse
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English

Introducing

Description

Evaluation

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)

Q Toulouse
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Imagining the Future/Prospective Method

Introducing

enseignements, elle peut prendre différentes formes :
examen écrit, oral, compte-rendu, rapport écrit,
évaluation par les pairs...

Description

Practical info

Location(s)

The program is built around a project carried out as a

group by the students. Based on a foresight subject, Q Toulouse
students organize and participate in  foresight

workshops. They then produce several scenarios, which

they submit for discussion during a foresight forum.

The debates generated support them in formulating

their recommendations.

Complementary tutorials enrich students' thinking, with

contributions on stories and imagination, ethics and

philosophy, as well as geopolitics and interculturality.

Objectives

At the end of this module, the student will be able to

- engage in a prospective approach, in a complex and
systemic approach

- conduct ethical, critical and reflective reflection,
adapted to the prospective approach

- develop professional communication

Evaluation

L’évaluation des acquis d’apprentissage est réalisée en
continu tout le long du semestre. En fonction des
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Physical Education

Introducing

Description

Evaluation

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)

Q Toulouse
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Individual Professional Project

Introducing

Description

Evaluation

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)

Q Toulouse
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High Dimensional and Deep Learning (HDDL)

Introducing

Description
Program (detailed contents):

This course is dedicated to deep learning methods for
processing complex data such as signals, images or
sequential data (time series or textual data). It also
covers methods for anomaly detection, especially in
functional data.

* Convolutional neural networks: convolutional layer,
architecture of convolutional
Inception), transfer learning,

pooling, dropout,
networks  (ResNet,
applications to signal and image classification and
object detection.

*

Encoder-decoder,  variational  auto-encoder,

generative adversarial networks.

* Functional decomposition on Spline, Fourier, wavelet
or functional PCA bases: cubic splines, penalized least
squares criterion, Fourier bases, wavelet bases,
application in non-parametric regression, linear and
non-linear estimators by thresholding, links with the
LASSO method.

* Anomaly detection, Main algorithms: One Class SVM,
Random Forest, Isolation Forest, Local Outlier Factor.
Applications to anomaly detection for functional data.

* Recurrent networks (RNN, LSTM) for the analysis of
sequential data.

35/58
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Objectives

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

- The use of deep learning algorithms (convolutional
neural networks) for the classification of complex data
(signals, images) in high dimension with estimation of
the prediction error

- The main algorithms for signal or image classification
- Dimension reduction methods for complex data

- Anomaly detection algorithms

- Recurrent neural networks for the study of sequential
data

- The use of convolutional networks for object detection
in images

The student will be able to:

- Adjust deep neural networks for signal or image
classification.

- Apply anomaly detection algorithms.

- Use recurrent neural networks for time series
prediction

- Implement and optimize deep learning algorithms on
real data using Python libraries.

Necessary prerequisites
Elements of Statistical Modeling (4MA)
Machine Learning (4MA)

Introduction to Python

Software for statistics (R,Python)

INSTITUT NATIONAL
DES SCENCES
APPLIGUEES
TOULOUSE

INSA




INSTITUT NATIONAL
‘ DES SCIENCES

APPLIQUEES

TOULOUSE

Evaluation

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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Metamodelling

Introducing

Description

Program (detailed contents):

*

Introduction: ~ computer  experiments  and
metamodeling. Examples.

* Metamodeling with Gaussian process (GP) and
kriging. q) (RKHS)
interpretation of the approximation problem. b)

Simulation of GPs. ¢) Customization of covariance

Probabilistic and functional

models. Physically informed GPs.

* Design of computer experiments. a) Initial designs:
focus on space-filling designs. b) Adaptive methods.
Example of Bayesian optimisation.

*

Uncertainty  quantification.  a)  Uncertainty
propagation. b) Global sensitivity analysis: focus on the
ANOVA decomposition (Sobol-Hoeffding
decomposition).

* Case study.

Objectives

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

Metamodeling for optimization / uncertainty
quantification of a computer code, with a limited
computational budget
* Gaussian processes
* Kernel customization to account for external
knowledge
* Design of computer experiments
* Global sensitivity analysis
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The student will be able to:

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
optimization /

application  to uncertainty

quantification

Necessary prerequisites

Gaussian vectors (Complements of Probability, 3rd
year)

Evaluation

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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Rl Project

Introducing

Description

The student will work on an open problem in applied
science and will implement

the four major skills of the engineer in applied
mathematics

- Reformulate a user need to produce a problem that
can be treated mathematically

- Analyze and design a digitally implementable solution
to the mathematical problem posed

- Implement the digital solution to make it a
demonstrator

- Use the technical and digital solution to produce a
decision support tool (a study or a calculation code)
meeting user needs

Objectives

The student will be able to:

« Interact with a specialist or engineer from another
discipline.

« Organize collaborative work in small groups.

« Define the framework and specifications of an original
mathematical modeling problem.

« Conduct the necessary bibliographic research to solve
the problem.

- Develop the deterministic and/or stochastic model
adapted to its resolution.

+ Implement its numerical resolution.

* Report in writing and orally on the results obtained.

38/58
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Necessary prerequisites

Applied Mathematics L3/M1-M2

Evaluation

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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Image

- Understand and know how to use the different convex

| I'TtrOdUCI ﬂg optimization algorithms.

- Know how to use neural networks to perform different
image processing tasks.

Description

Program (detailed contents): L.
N@C@SSO ry prereqUISlteS
Main difficulties for students:

Convex Optimization, Fourier Analysis, wavelets and
Differentiable optimization. Python
Optimality conditions.
Gradient descent.

Link with ODEs

Non differentiable optimization. z .
Sub-gradient. EVO'UOtIOﬂ

Proximal operator

Forward-Backward algorithm. L’évaluation des acquis d’apprentissage est réalisée en

continu tout le long du semestre. En fonction des

Advanced algorithms enseignements, elle peut prendre différentes formes :

FISTA
Douglas-Rachford
Fenchel conjugate

Primal Dual Algorithms P ra Cti ca | i N -FO

examen écrit, oral, compte—rendu, rapport  écrit,
évaluation par les pairs...

Location(s)
Objectives

© Toulouse

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

- Modeling an image processing problem as an
optimization problem.

- The notions of proximal operators, Fenchel conjugate,
algorithm convergence rate.

The student will be able to:

INSTITUT NATIONAL
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Data Assimilation

Introducing

Description

-Basics tools to solve inverse problems (including

examples):  least-squares  (linear,  non-linear),

regularization.
-Data Assimilation principles (variational, sequential).
- Bayesian analysis.

- Equivalences between the BLUE:Kalman filter, the
MAP and VDA in the Linear-Quadratic-Gaussian case.

- A first application to model identification in
experimental mechanics: (i) computation of the
measures from image registration and (i) data

assimilation to calibrate constitutive laws.

-Optimal control of ODEs. Linear-Quadratic case,
maximum principle, Hamiltonian.

Small practical: optimal control of a vehicle trajectory.

-Optimal control of PDEs. Gradient computation,
adjoint model, optimality system.

- Variational Data Assimilation (steady-state case,

unsteady case). Algorithms (3D-VAR, 4D-Var,

variants).
- Examples, practical aspects.

- DA by Physics Informed Neural Networks (PINNs).

40/58
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Practical (marked): estimation of river bathymetry from
water surface measurements (problem arising in spatial
hydrology).

Ocean circulation modelling

- Fluid mechanics at the planetary scale, Equilibrium
solutions

- Shallow water equations: derivation and description
of wave propagation. Applications: Gravity waves,
Poincaré Waves, Kelvin Waves
-Quasi-Geostrophic  equations:  derivation  and
description of wave propagation. Applications: Rossby
Waves, Gulf Stream.

Objectives

- Standard basic tools to analyze and solve inverse
problems.

- How to fuse measurements (datasets) and PDE-based
models.

- Set up the optimal control of a system (ODEs and
PDEs).

- Compute the gradient of a model output (cost
function) in large dimensional cases by the adjoint
method.

- Set up a control-like algorithm to identify uncertain
parameters and/or calibrate the model (Variational
Data Assimilation, 4D-Var).

- Explain the links and differences between VDA, filters
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(Kalman etc) and Bayesian estimations.

- Explain what is a Physics Informed Neural Network

(PINN).

-Carry out the non dimensionalization of a system of
PDE, use correctly physical units in a PDE system.

-Carry out the analysis of the dynamics around
equilibrium of PDE system with dispersion relations.

Necessary prerequisites

Differential calculus, numerical optimisation, bases of
functional analysis and mechanical models, the few
classical PDE models (weak forms and FE schemes is a
plus), Python programming.

Evaluation

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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|IA Frameworks (AlF)

Introducing

Description

Programme (contenu détaillé) :

Ce cours vise & familiariser les étudiants avec les
différents outils et applications du machine learning
qu'ils seront amenés & utiliser dans leur carriére
professionnelle. Les participants auront 'opportunité
de développer leurs compétences en matiére de
partage de code et de déploiement de modéles
entrainés en production.

- Introduction & Pytorch

- Introduction & Git

- Mise en production avec Docker

- Traitement du language

- Systémes de recommendations

- Detection d'anomalies

- Prédiction conforme

- Interpretabilité en machine learning

En somme, ce cours permettra aux étudiants de
développer une expertise technique dans le domaine du
machine learning, ainsi  que les compétences
nécessaires pour utiliser ces “outils dans un contexte
professionnel. Les connaissances acquises seront
applicables dans de nombreuses industries et aideront
les étudiants & répondre aux besoins de leurs futurs
employeurs en matiére de développement et de mise en

ceuvre de solutions basées sur le machine learning.

Objectives

A la fin de ce module, I'étudiant.e devra avoir compris
et pourra expliquer (principaux concepts) :
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- Apprentissage automatique

- Ecriture de scripts Python

- Utilisation de Git

- Utilisation de Docker

- Systémes de recommendation

- Détéction d'anomalies

- Prediction conforme

- Traitement automatique du langage
- Méthodes d'attributions

Liétudiant.e devra étre capable de :

- Ecrire des scripts pour entrainer des systémes de
décision

- Deployer ses modéles dans un environnement de
production

- Construire des systémes de recommandation
intelligents.

- Traiter de la donnée textuelle.

- Utiliser des techniques d'interprétation des décisions
fournies par les systémes de machine learning.

Necessary prerequisites

Apprentissage Machine, Deep Learning
Langages, Python

Evaluation

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...
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Practical info

Location(s)

o Toulouse
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Stochastic Calculus

Introducing

Description
Program (detailed content):

- Continvous-time  stochastic  processes  and
martingales. Introduction to stopping times.

- Construction of Brownian motion and the stochastic
integral, followed by the derivation of 1t&'s formula.

- Introduction to stochastic differential equations
(SDEs) and derivation of the Fokker-Planck equations.

- Solving a parabolic equation using a solution of an
SDE.

- Solving a Dirichlet problem using Brownian motion.

- Girsanov's theorem.

- Ergodicity of Markov processes.

- Maximum likelihood estimation of parameters in an

SDE.

Objectives

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

- The Brownian motion, as well as the Wiener integral
and 1t8's formula.

- The relationship between a stochastic differential
equation and its Fokker-Planck equation.

- The formulation of a solution to a parabolic or elliptic
PDE using a suitably chosen stochastic process.

- The maximum likelihood estimation of parameters in a
stochastic differential equation.

The student should be able to:

44/58

Non-contractual information

- Perform stochastic calculus by applying 1t8's formula.

- Implement numerical methods for solving a parabolic
or elliptic equation using a probabilistic approach
based on solutions of stochastic differential equations.

- Use Girsanov's theorem combined with the ergodicity
results of Markov processes to estimate parameters via
maximum likelihood in stochastic differential equations.

Necessary prerequisites

Complements of Probability (3A), Advanced Probability
(4A).

Evaluation

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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Lifetime Analysis

Introducing

Description
Program (detailed contents):

- Survival distributions: specific functions, usual laws
for durations

- The notion of censoring and truncation

- Parametric estimation

- Non-parametric estimation of the survival function
and the hazard function (Kaplan-Meier, Nelson-Aalen)
- Adequacy to a probability law and study of the
heterogeneity between subgroups

- Parametric regression models

- The semi-parametric Cox model: estimation and
model validation

- Applications in the field of reliability or survival
analysis

parametric, and semi-parametric approaches

- test the adequacy to a law or the equality of two
survival distributions for censored data

- model and test the effect of covariates on lifespan

Objectives

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

- the usual probability laws for modeling survival data
- the notion of censoring and truncation in data

- parametric, non-parametric, and semi-parametric
estimation of a survival function

The student will be able to:
- statistically analyze right-censored data with the R

software
- estimate a survival function through parametric, non-
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Non-contractual information

Necessary prerequisites

- Inferential Statistics (PO 3MIC)
- Elements of Statistical Modeling (4MA)

Evaluation

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)
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Social Psychology & Ethics

Introducing

Description

Key concepts in social psychology, including group
dynamics,  decision-making conflict

management, social influence, stereotypes, conditions

processes,

of submission to authority, active minorities,
psychosocial risks (PSR) and quality of life at work
(QWL). In short, these concepts will be explored using
concrete examples and professional and intercultural
scenarios in an ethical approach to 21st century

engineering and socio-ecological issues.

Objectives

Analyse group situations using concepts from social
psychology

Understand interpersonal relations in professional and
intercultural situations

Reflect more deeply on the socio-ecological issues at
stake in their professional careers

Identify the ethical dimensions of these situations and
know how to argue one's position

Sharpen critical thinking, decentring and self-reflection:
meta-cognition

46/58

Non-contractual information

Necessary prerequisites

None

Evaluation

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)
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Team Management

Introducing

Description

Key topics related to team management : recruitment,
work motivation, total compensation, employee
evaluation, management styles (leadership), conflict
management, professional relations (social dialogue),
HR flexibility and employment contracts, training,
workforce and skills management, career management.

Objectives

The student should be able to:

- Identify and understand information related to human
resources within a company

- Analyze a team management situation using a
theoretical framework

- Propose and justify managerial solutions

Necessary prerequisites

None
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Non-contractual information

Evaluation

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)
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Physical Education

Introducing

Description

Evaluation

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)

Q Toulouse
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Professional Project

Introducing

Description

Evaluation

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)

Q Toulouse
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Qualitative Approach

Introducing

Description

Evaluation

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)

Q Toulouse
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Quantitative Approach

Introducing

Description

Evaluation

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)

Q Toulouse

51/58 Non-contractual information



INSTITUT NATIONAL
‘ DES SCIENCES

APPLIQUEES

TOULOUSE

Designing for safety

Introducing

Description

Evaluation

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)

Q Toulouse
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Process Safety

Introducing

Description

Evaluation

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)

Q Toulouse
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Functional Safety

Introducing

Description

Evaluation

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)

Q Toulouse
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Structural Safety

Introducing

Description

Evaluation

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)

Q Toulouse
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Toxic risks

Introducing

Description

Evaluation

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)

Q Toulouse
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Training period bth year

©Q Toulouse

Introducing

Description

16 to 26-week internship in a company whose main
field of activity is civil engineering.

Objectives

The aim of this internship is to position the student as a
working engineer, and to validate the skills acquired
during the course. To this end, the student will develop
a particular theme during the internship, which will be
the subject of a dissertation (entitled technical
dissertation).

The problem will be defined by mutual agreement
between the company and the INSA tutor.

Evaluation

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)
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Training period 4th year

Introducing

Description

Internship period must last between 8 and 16 weeks
Internship period can be done in France or in a foreing
country

Internship pedriod can be done in a enterprise ou a
laboratory

Student job must concerns theoical knowledge learned
in the department (physicis, materials, electronics,
instrumentaiotn, ...)

Objectives

Goals of internship are :

- Get a professional experience in enterprise ou
laboratory

- apply theorical knowledges

- produce a scientific work

Necessary prerequisites

Theorical knowledge og Genie Physique 4th vyear
programm

Evaluation
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Non-contractual information

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)
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