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Post-Doctoral Research Visit F/M
Bridging the gap between a safe
programming language and a for mal
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Le descriptif de I’ offre ci-dessous est en Anglais

Typedecontrat : CDD
Niveau de dipldme exigé: Thése ou équivalent

Fonction : Post-Doctorant

A proposdu centre ou deladirection fonctionnelle

The Inriaresearch centrein Lyon isthe 9th Inriaresearch centre, formally created in
January 2022. It brings together approximately 300 people in 16 research teams and
research support services.

Its staff are distributed at this stage on 2 campuses: in Villeurbanne La Doua (Centre
/ INSA Lyon/ UCBL) on the one hand, and Lyon Gerland (ENS de Lyon) on the
other.

The Lyon centreis active in the fields of software, distributed and high-performance
computing, embedded systems, quantum computing and privacy in the digital world,
but also in digital health and computational biology.

Contexte et atouts du poste

One of the long-term goals of the ERC project Fresco is to turn the Coq proof
assistant into a competitive tool for doing verified computer algebra. In particular,
this requires the ability to implement and formally verify well-known libraries such
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as GMP or BLAS/LAPACK. A significant milestone was the design of Capla, a safe
low-level imperative language suitable for implementing such algorithms, as well as
the development of aformally verified compiler for this language.

This postdoc will take place at the LIP Computer Science laboratory of ENS Lyon,
in the Inriateam Pascaline, which aims at advancing the fields of computer
arithmetic and computer algebra, with a strong accent on formal verification.

M ission confiée

It isnow possible to write alibrary using Capla, to compile it to machine code, to
verify its correctness using Coq, and to invoke its functions from C code. But to turn
the Coq proof assistant into a usable computer algebra system, one should also be
able to execute such Capla functions from a Coq script. Moreover, one should be
able to use the resulting values inside a Coq proof. The goa of this postdoc isto
research and implement a bridge between the proof assistant and a user library
written in Capla.

Principales activités

The first objective of this postdoc isto provide away to effectively interface the
Coqg kernel with Capla code. This requires to tackle several challenges:

¢ devise arepresentation of Capla values (i.e., machine integers, multi-
dimensional arrays) as Coq terms, and conversely (beware of open terms);

¢ devise away to represent Capla computations as Coq terms (e.g., functions,
relations, monads, etc), as well as away to associate some useful yet
consistent semantics to these terms (beware of termination issues);

e modify Coq so that it can effectively perform these computations, i.e., convert
the input Coq valuesto Capla, execute the corresponding compiled code, and
convert the result back.

The second objective isto make it simpler to formally verify Caplafunctions.
Again, thisrequiresto tackle several challenges:

¢ devise asemanticsthat is better suited for deductive program verification than
the current operational small-steps one;

¢ devise aprogram logic that leverages the features of the Capla language,
especialy its absence of memory model;

e propose some assi stance when verifying the adequation between code and
specification of Capla code, e.g., averified computation of weakest
preconditions.

Progress on both objectives will be evaluated through the development of alibrary
of verified Caplafunctions. An inspiration for such alibrary could be the WhyMP
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library for arbitrary-precision integer computations, except that the trusted
computing base would be much smaller and the functions would actually be usable
inside formal proofs asif they were pure Coq functions. Of particular interest is
Toom-Cook-style multiplication algorithms, as they would exercise some prominent
features of the Caplalanguage, e.g., separation of mutable accesses.

If time permits, some other potential research topics are as follows:

¢ modify the typing and semantics of the Caplalanguage so as to support non-
lexical borrows, while preserving both the full verification of the compiler
and the ability to prove user programs,

¢ couple the compiler and the program verification process more tightly, so that
some dynamic checks (e.g., in-bounds array accesses) can be optimized away
by discharging some proof obligations;

¢ improve the Capla language and the compiler so as to support richer
separation properties, e.g., the lower and upper triangular parts of amatrix are
intricately interleaved in memory yet they do not alias.

Compétences

A PhD in computer science is mandatory. Knowledge about the semantics of
programming languages and their implementation is required. Knowledge of the
Coq proof assistant or of aclosely-related formal system (e.g., Lean), is highly
recommended. Knowledge of French is not required.

Avantages

e Subsidized medls

o Partial reimbursement of public transport costs

e Leave: 7 weeks of annual leave + 10 extra days off dueto RTT (statutory
reduction in working hours) + possibility of exceptional leave (sick children,
moving home, etc.)

e Possibility of teleworking (90 days/ year) and flexible organization of
working hours

¢ Professional equipment available (videoconferencing, loan of computer
equipment, etc.)

e Social, cultural and sports events and activities

e Accessto vocational training

e Complementary health insurance under conditions

Rémunération

2788€ gross salary / month



| nfor mations géneér ales

Théme/Domaine : Preuves et vérification

Ville: Lyon

Centrelnria: Centrelnriade Lyon

Date de prise de fonction souhaitée : 2025-06-01
Duréedecontrat : 1 an, 5 mois

Date limite pour postuler : 2025-04-27

Contacts

e Equipelnria: PASCALINE
e Recruteur :
Melguiond Guillaume / Guillaume.Melguiond@inria.fr

A proposd'lnria

Inriaest I'institut national de recherche dédié aux sciences et technologies du
numeérique. Il emploie 2600 personnes. Ses 215 équipes-projets agiles, en général
communes avec des partenaires académiques, impliquent plus de 3900 scientifiques
pour relever les défis du numérique, souvent al’ interface d autres disciplines.
L’ingtitut fait appel a de nombreux talents dans plus d’ une quarantaine de métiers
différents. 900 personnels d appui alarecherche et al’innovation contribuent afaire
émerger et grandir des projets scientifigues ou entrepreneuriaux qui impactent le
monde. Inriatravaille avec de nombreuses entreprises et a accompagne la création
de plus de 200 start-up. L'institut Se?orce ainsi de répondre aux enjeux de la
transformation numeérique de la science, de la société et de |'économie.

Attention: Les candidatures doivent étre déposées en ligne sur le site Inria. Le
traitement des candidatures adressées par d'autres canaux n'est pas garanti.

Consignes pour postuler

Applications must be submitted online on the Inria website.
Processing of applications sent by other channelsis not guaranteed.

Sécurité défense:

Ce poste est susceptible d’ étre affecté dans une zone arégime restrictif (ZRR), telle
que définie dans le décret n°2011-1425 relatif ala protection du potentiel
scientifique et technique de la nation (PPST). L’ autorisation d’ accés a une zone est
délivrée par le chef d’ établissement, aprés avis ministériel favorable, tel que défini
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dans |’ arrété du 03 juillet 2012, relatif alaPPST. Un avis ministériel défavorable
pour un poste affecté dans une ZRR aurait pour conséquence I’ annulation du
recrutement.

Politique de recrutement :

Dans le cadre de sa politique diversité, tous les postes I nria sont accessibles aux
personnes en situation de handicap.



