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1 / Description of the research topic and the related thesis topic (1 page maximum):
· Theme and research problem
Renault offers a wide range of vehicles to customers, expressed as a large number of car versions and optional features. A car is thus a massively configurable product. 
Many constraints are identified over the live of a vehicle model, forcing various features to be chosen together, or excluding them. Although this reduces the size of the range somewhat (still about 10^19 different vehicles on some models), however the major effect is to make the set of constraints itself increasingly large and complex to describe. 
Within Renault, the IAA Team developed SICG, Structure d’Interaction Conceptuelle de la Gamme, a technology that allows for the development of fast tools over a compact, compiled representation of the car range: customization tool, exhaustivity and consistency checks for the product documentation.  
In effect, our technology solves [Boolean] constraint satisfiability problems, which are known to be NP-complete [of NP-complete class].
The research we sponsor aims at the study and design of hybrid solutions, complementing our current solutions with AI methods, to make the process of constraint compilation more predictible, and more efficient if possible. 
AI methods include e. g. automatic learning to identify and classify constraints with a major impact on the hardness of the compilation task ; to find optimal compilation parameters ; to detect and mitigate risks of memory overload during compilation.
The thesis includes the evaluation of other hybrid approaches, e. g. the use of alternative SAT solvers.
· State of the art scientific
[1] Matthew W. Moskewicz, Conor F. Madigan, Ying Zhao, Lintao Zhang, and Sharad Malik. CHAFF: ENGINEERING AN EFFICIENT SAT SOLVER. In DAC 2001. 
[2] B. Pargamin. Vehicle sales configuration: the cluster tree approach. In ECAI’02 Workshop on Configuration, 2002
[3] A Knowledge Compilation Map - A. Darwiche, P. Marquis - https://arxiv.org/abs/1106.1819
[4] B. Pargamin. Vehicle sales configuration: the cluster tree approach. In ECAI’02 Workshop on Configuration, 2002
[5] Lin Xu, Frank Hutter, Holger H Hoos, Kevin Leyton-Brown. SATZILLA : PORTFOLIO-BASED ALGORITHM SELECTION FOR SAT. Journal of artificial intelligence research, 2008
[6] Jean-Marc Astesana, Laurent Cosserat, Helène Fargier, CONSTRAINT-BASED VEHICLE CONFIGURATION: A CASE STUDY - 2010. 
[7] Olivier Francois. De l’identification de structure de réseaux bayésiens à la reconnaissance de formes à partir d’informations complètes ou incomplètes. Modélisation et simulation. INSA de Rouen, 2006. Français.
https://tel.archives-ouvertes.fr/tel-00126033/document 
· Scientific locks addressed by the thesis
Previous benchmarks have shown that alternatives to our technology perform no better, on representative datasets of the Renault car range. To this day, we have not been able to research the patching up of our existing solutions with components based on alternative methods, such as deep-learning.

2 / Description of research activities (max. 1 page):
· List of research activities
Before the research :
· Development of a software tool for dataset generation : checkpointing and backup of intermediate data (compiled representations, constraint graphs, input data, compilation parameters etc.)
During the research :
· State of the art of approaches to constraint compilation, with emphasis on hybrid methods 
· Exploration of alternative methods
· Implementation as prototypes, preferably in Java
· Performance evaluation (benchmarking) and comparison of various methods
· Associated documentation, including :
· Source code
· Description of the scientific/technical methods explored
· Testing and comparison methodology, including input datasets and results with/without hybrid methods

· Articulations of activities between RSA and the lab
Laboratory work includes research in mathematics and software engineering, with application to practical cases in the operational context at Renault’s. 
The IAA Team will introduce the doctoral student to our technology, which is a proprietary development. Renault will provide the computing resource, including hardware. The research institution will provide scientific expertise, guiding the student into finding and applying novel methods, such as machine learning. 

· Methods used

· Main deliverables
· Source code
· Description of the scientific/technical methods explored
· Testing and comparison methodology, including input datasets and results with/without hybrid methods

· Skills and Prerequisites
The thesis makes use of state-of-the-art knowledge in several fields : Boolean satisfiability, SAT solvers, machine learning, constraint-based programmig, (neural network-based) deep learning, learning by reinforcement, etc. The doctoral student is not expected to master all these upfront, of course. However, he/she is required to be trained in software development, and to be willing to learn and train in these fields. 
Empirical testing of ideas and algorithms will take place as soon as possible; it is very important, therefore, to be fluent in basic software programming, particularly in Java. 
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