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PhD Position F/M Advanced elaboration
techniques in proof assistants

Contract type :  Fixed-term contract

Level of qualifications required :  Graduate degree or equivalent

Fonction :  PhD Position

Level of experience :  Recently graduated

Context

The Malinca project (ERC Synergy, http://malinca.org), with centers in Paris,
Nancy, Nice and Madrid, aims to develop a new generation of proof assistant
technologies capable of understanding the dynamic linguistic structures found in
current high-level mathematical texts. The project includes the study of
interpretation mechanisms for logical foundations, a new linguistic layer
representing the intermediate steps between natural language texts and formalised
proof documents, and automation tools for the efficient construction of definitions,
theorems and proofs. In application we aim to make the use of computational
formalization for mathematical research writing practical and commonplace.

Assignment

Proof assistants are softwares which allow to formalise mathematical statements
and to semi-interactively develop proofs of these statements. Over the last 30 years
a larger and larger number of techniques, known as elaboration techniques, have
been developed to make the formalisations closer to how mathematicians
communicate proofs between themselves.

A key technique of elaboration is unification which supports basic inference of
implicit information (e.g. how to infer the domain of an operation), pattern
recognition (e.g. how to recognise the pattern of an associativity property in a
statement), proof automation (e.g. how to chain lemmas exposing specific
properties). Virtually, unification could actually support more advanced levels of
inference. For instance, patterns could be unified up to some decidable theories
(e.g. modulo associativity and commutativity, e.g. [1]), or up to classes of
isomorphisms (e.g. we may want to identify the two standard mathematical
implementations of natural numbers, with 0 and +1, or
with binary digits [2]). The question of when a unique solution exists or when
heuristics are worth to be applied is also an important question. For instance, new
advanced classes of unification problems with unique solutions have recently been
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studied [3]. The question of how to intertwine the deterministic part of unification
and the heuristical part is also a difficult algorithmic question.

The objective of the PhD will be to study the different facets of unification in the
context of a type-theory based proof assistant, keeping in mind to produce reusable
research results as well as efficient algorithms making proof assistants closer to
what mathematical users expect from them.

[1] Alexandre Boudet, Evelyne Contejean, "AC-Unification of Higher-Order
Patterns", 1997
[2] Cyril Cohen, Enzo Crance, Assia Mahboubi, "Trocq: Proof Transfer for Free,
With or Without Univalence", 2024.
[3] Tomer Libal, Dale Miller, "Functions-as-constructors higher-order unification:
extended pattern unification", 2022.

Skills

Background in type theory, semantics of computation, proof assistants,
algorithmic, unification techniques, formalisation recommended.

Fluency in French or English recommended.

Benefits package

Subsidized meals
Partial reimbursement of public transport costs
Leave: 7 weeks of annual leave + 10 extra days off due to RTT (statutory
reduction in working hours) + possibility of exceptional leave (sick children,
moving home, etc.)
Possibility of teleworking and flexible organization of working hours
Professional equipment available (videoconferencing, loan of computer
equipment, etc.)
Social, cultural and sports events and activities
Access to vocational training
Social security coverage

General Information

Theme/Domain : Proofs and Verification
Software engineering (BAP E)
Town/city : Paris
Inria Center :  Centre Inria de Paris  
Starting date : 2025-10-01
Duration of contract : 3 years
Deadline to apply : 2025-07-22

Contacts

Inria Team :  PICUBE  

http://www.inria.fr/centre/paris
https://www.inria.fr/equipes/PICUBE


PhD Supervisor :
Herbelin Hugo / Hugo.Herbelin@inria.fr

About Inria
Inria is the French national research institute dedicated to digital science and
technology. It employs 2,600 people. Its 200 agile project teams, generally run
jointly with academic partners, include more than 3,500 scientists and engineers
working to meet the challenges of digital technology, often at the interface with
other disciplines. The Institute also employs numerous talents in over forty
different professions. 900 research support staff contribute to the preparation and
development of scientific and entrepreneurial projects that have a worldwide
impact.

Warning : you must enter your e-mail address in order to save your application to
Inria. Applications must be submitted online on the Inria website. Processing of
applications sent from other channels is not guaranteed.

Instruction to apply

Defence Security : 
This position is likely to be situated in a restricted area (ZRR), as defined in Decree
No. 2011-1425 relating to the protection of national scientific and technical
potential (PPST).Authorisation to enter an area is granted by the director of the unit,
following a favourable Ministerial decision, as defined in the decree of 3 July 2012
relating to the PPST. An unfavourable Ministerial decision in respect of a position
situated in a ZRR would result in the cancellation of the appointment.

Recruitment Policy :
As part of its diversity policy, all Inria positions are accessible to people with
disabilities.
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