
PhD thesis offer: Metamodelling under inequality constraints

Chair in Applied Mathematics OQUAIDO

Context

This PhD thesis offer is associated to the Chair in Applied Mathematics OQUAIDO of Mines Saint-Étienne (2016 −

2019). The Chair, which follows the ReDICE consortium (www.redice-project.org), gathers partners from academia,
technological research and industry around innovative mathematical methods for the Design and Analysis of Computer
Experiments (DACE). The partners of the Chair are:

• Mines Saint-Etienne, Ecole Centrale de Lyon, Univ. of Nice, Univ. of Toulouse (academia)

• BRGM, CEA, IFPEN, IRSN, Safran, Storengy (technological research and industry)

The DACE research domain is devoted to exploit industrial computer codes that are costly to evaluate. Such computer
codes typically model complex physical phenomena such as encountered in the development of new technologies or risk
studies. The partners of the Chair use them in various sectors such as energy, environment and transport.

The Chair proposes an original and dynamical framework to develop innovative research, and fosters interaction between
all its members: researchers, engineers, post-doctoral and PhD students. Expected developments are methodological,
but guided by case studies from real-life problems. The Chair is funding 1 post-doc and 2 PhD thesis starting in 2016.
This offer is one of them.

Research lines and aim

Among the research lines with strong methodological interest and promising application potential, the Chair scientific
committee identified the case of models with inequality constraints, such as boundary or monotonicity. Indeed in
practice, underlying physical phenomena are often known to be monotonic with respect to one or several variables, or
to belong to a range of possible values. Taking into account that information may lead to more accurate results.
In addition to this main line, another axis regarding constraints can be brought by the PhD candidate, depending on
its master work or past experience in DACE.

The aim of this 3-year research project is twofold:

• Methodology: To improve existing works for real-life problems, involving tens of input variables.

• Application: To apply the proposed new methodology to at least 1 case study of the Chair.

Among starting points on inequality constraints, the PhD works should investigate the extension of a promising
Gaussian process-based model (Maatouk, Bay, 2014), which satisfies inequality constraints (boundary, inequality,
convexity) everywhere in the space, contrarily to other approaches based on spatial discretization. At this stage,
the model has two limitations: Its application is limited to a small number of constraints (1, 2 or 3) because of the
tensorization technique used, and parameter estimation is based on a time-consuming cross-validation. More generally,
the PhD methodological developments may develop Gaussian process-based models in 3 main directions:

1. Estimation under inequality constraints.

2. Extension to higher dimensions.

3. Case of a high number of observations (consequence of the previous point).
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Supervising team

The supervising team gathers researchers from 2 sites :

• Olivier Roustant and Nicolas Durrande, Mines Saint-Etienne

• François Bachoc, Institut de Mathématiques de Toulouse

Applicant profile

Candidates should have completed a Master in applied mathematics, statistics, machine learning, or related disciplines.
The applicant should demonstrate both theoretical and computational skills. Implementations in R are expected.

CV and motivation letter in English or French should be sent to the coordinators of the Chair (Olivier Roustant and
Nicolas Durrande) using the e-mail address: oquaido@emse.fr

Conditions

• Date/duration: The position is a 3-year contract, expected to start in September 2016.
• Location: The main location is Mines Saint-Étienne, France. Visits at the Institut de Mathématiques de Toulouse
are expected.
• Participation to teaching: 40 hours / year (in French or English)
• Net salary: 1630 e/month
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• Deisenroth, Marc Peter and Ng, Jun Wei (2015), “Distributed Gaussian Processes”, Proceedings of the 32nd
International Conference on Machine Learning, Lille, France. JMLR: W&CP volume 37.

• François Bachoc (2014), “Asymptotic analysis of the role of spatial sampling for covariance parameter estimation
of Gaussian processes”, Journal of Multivariate Analysis, 125, p. 1-35.
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