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Institution

The French Alternative Energies and Atomic Energy Commission (CEA) is a key player in research, development,
and innovation. Drawing on the widely acknowledged expertise gained by its 16,000 staff spanned over 9 research
centers with a budget of 4.1 billion Euros, CEA actively participates in more than 400 European collaborative
projects with a large number of academic and industrial partners. Within the CEA Technological Research
Division, the CEA List institute addresses the challenges coming from smart digital systems.

Among other activities, CEA List Software Safety and Security Laboratory (LSL) research teams design and
implement automated analysis in order to make software systems more trustworthy, to exhaustively detect their
vulnerabilities, to guarantee conformity to their specifications, and to accelerate their certification.

While the work will be mostly carried out at CEA’s facilities, this position takes place in the context of a
cooperation between LSL, Mitsubishi Electric R&D Centre Europe (MERCE, https://www.mitsubishielectric-
rce.eu/) and ENSIIE (https://www.ensiie.fr) and the intern will be supervised by researchers from these three
organizations.

Objectives

Systems mixing hardware and software are increasingly used to perform critical tasks, while at the same time
becoming bigger and more complex. It is thus both more important and more difficult to ensure their correctness,
i.e. to verify that they are fit for their intended purposes. An important class of such systems is called synchronous.
In a synchronous system, the flows of data and events received and emitted by the system and its components
can be considered as being synchronized over a single global clock. This is particularly interesting for critical
systems, as this discretization of time allows describing more easily the interactions between the components of
the system and between the system and its environment.

Furthermore, an interesting approach to ensure the correctness of a system (synchronous or not) is based on the
notion of contract. For each component, a contract indicates both its pre-conditions, the hypotheses that must be
fulfilled to ensure a proper functioning of the component, and its post-conditions, properties that are guaranteed
to hold by the component (when used in proper conditions). Then, a correct-by-construction development will
verify that the implementation of the component obeys its contract.

These notions have in particular been defined in Benveniste et al.’s meta-theory (1). This meta-theory has
then been refined to the particular case of synchronous systems (2). For the latter, another approach has been
proposed by Antonin Butant in his Master’s thesis (3). Notably, the framework developed by Butant takes into
account the notion of retroaction, in which the current behavior of a component can depend upon its previous
outputs. A very simple instance of a retroactive component is a counter, whose value at time t depends on its
value at time t-1. The expressive power of this theory has been tested on a case study based on the description
of a sample UAV (https://github.com/AdaCore/RESSAC_Use_Case/). However, so far the work has been
done on paper. A formally verified development is still needed to demonstrate that this approach is suitable for
the highest levels of criticality.

The main objective of the internship consists thus in formalizing Butant’s theory in Why3. Depending on
the intern’s profile and the effective duration of the internship, secondary objectives might be added, such a
formalization of the case study and/or a Coq proof of the main theoretical properties of the framework.

More precisely, the internship will consist in the following tasks:

1. study both the existing theory (3) and meta-theory (1) of contracts;
2. formally define in Why3 the corresponding notions and state their fundamental properties;
3. prove that this formalization is coherent;
4. optionally:

• use the formalization to develop a Why3 model for the use-case
• prove the stated properties with automated solvers and/or proof assistants
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Qualifications

• Minimal

– master 2 student in Computer Science
– familiarity with formal methods
– experience with Why3 or a similar formal development tool (Coq, Isabelle, PVS, . . . )

• Preferred

– notions of synchronous programming

Characteristics

• Duration: 6 months from early 2019

• Location: CEA Nano-INNOV, Paris-Saclay Campus, France

• Compensation:

– €700 to €1300 monthly stipend (determined by CEA compensation grids)
– maximum €229 housing and travel expense monthly allowance (in case a relocation is needed)
– CEA buses in Paris region and 75% refund of transit pass
– subsidized lunches

Application

If you are interested in this internship, please send to the contact persons an application containing:

• your resume;
• a cover letter indicating how your curriculum and experience match the qualifications expected and how

you would plan to contribute to the project;
• your bachelor and master 1 transcripts;
• the contact details of two persons (at least one academic) who can be contacted to provide references.

Applications are welcomed until the position is filled. Please note that the administrative processing may take
up to 3 months.

Contact persons

For further information or details about the internship before applying, please contact:

• Virgile Prevosto (virgile.prevosto@cea.fr)
• Julien Signoles (julien.signoles@cea.fr)
• Benoît Boyer (B.Boyer@fr.merce.mee.com)
• Catherine Dubois (catherine.dubois@ensiie.fr)
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