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Human Resources Management and 
Group Work

6 credits 75h

Research Project - Innovation - 
Engineering English

9 credits 75h

High Dimensional and Deep Learning 3 credits 40h

Computer experiments & 
Experimental Design

3 credits 40h

Computer experiments & Stochastic 
calculus

3 credits 43,75h

Image 3 credits 35h

Variational Data Assimilation & Model 
Learning

3 credits 35h

Advanced models and numerical 
methods for fluid mechanics

3 credits 35h

Advanced modeling in computational 
structural mechanics

3 credits 35h

Reliability and Lifetime analysis 3 credits 35h

IA Frameworks 3 credits 35h

Poisson processes and application 
to reliability theory and actuarial 
sciences

3 credits 35h

Mathematical models and numerical 
methods for Actuarial Sciences

3 credits 35h
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Human Resources Management and Group Work

 ECTS
6 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
75h

Presentation

Objectives

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

Pre-requisites

None

Useful info

Place

 Toulouse
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Research Project - Innovation - Engineering English

 ECTS
9 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
75h

Presentation

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.

Objectives

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

Useful info
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Contacts

Education manager
Pascal NOBLE
 noble@insa-toulouse.fr

Place

 Toulouse
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High Dimensional and Deep Learning

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
40h

Presentation

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.

Objectives

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.

Pre-requisites

Probability and statistics
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Elements of statistical modelling [ I4MMMS71]

Useful info

Place

 Toulouse
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Computer experiments & Experimental Design

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
40h

Presentation

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.

Objectives

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

Pre-requisites

* Elements of statistical modelling [ I4MMMS71]

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

* Gaussian vectors.

Useful info

Contacts

Education manager
Olivier Roustant
 roustant@insa-toulouse.fr

Place

 Toulouse
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Computer experiments & Stochastic calculus

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
43,75h

Presentation

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.

Objectives

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.

Pre-requisites

Gaussian vectors. Probability. ODE. Basics of PDE.

Knowledge check

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

Useful info

Contacts

Education manager
Olivier Roustant
 roustant@insa-toulouse.fr

Place

 Toulouse
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Image

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
35h

Presentation

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.

Objectives

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.

Pre-requisites

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

Useful info

Contacts

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

 Toulouse
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Variational Data Assimilation & Model Learning

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
35h

Presentation

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).

Objectives

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.

Pre-requisites

Variational Data Assimilation :

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

Knowledge check

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 ?

Useful info

Place

 Toulouse
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Advanced models and numerical methods for fluid 
mechanics

 ECTS
3 credits 

Number of 
hours
35h

Presentation

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.

Objectives

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.

Pre-requisites

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

Knowledge check

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?

Useful info

Contacts

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

 ECTS
3 credits 

Number of 
hours
35h

Presentation

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.

Objectives

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.

 

Pre-requisites

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

Knowledge check

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.

Bibliography

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.

Useful info

Contacts

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

 ECTS
3 credits 

Number of 
hours
35h

Presentation

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.

Objectives

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)

Pre-requisites

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

Knowledge check

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

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.

Useful info

Contacts

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

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES 
TOULOUSE


Number of 
hours
35h

Presentation

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.

Objectives

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

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

Pre-requisites

Exploratory Data Analysis

Machine Learning / Deep Learning

Python

Knowledge check

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.

Bibliography

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

Useful info

Place

 Toulouse
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Poisson processes and application to reliability theory 
and actuarial sciences

 ECTS
3 credits  Component

INSTITUT 
NATIONAL 
DES SCIENCES 
APPLIQUEES DE 
TOULOUSE


Number of 
hours
35h

Presentation

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.

Objectives

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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Pre-requisites

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

Bibliography

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

Useful info

Contacts

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

 ECTS
3 credits 

Number of 
hours
35h

Presentation

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.

Objectives

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.

Pre-requisites

-       Probability and Statistics (I2MIMT31)

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

Knowledge check

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?
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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.

Useful info

Contacts

Education manager
ANTHONY REVEILLAC
 +33.(0)665206283
 reveilla@insa-toulouse.fr
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