lrreia —
Offren°2026-10078

PhD Position F/M Frugal Distributed
Training with Volatile Resour ces

Le descriptif de I’ offre ci-dessous est en Anglais
Typedecontrat : CDD

Niveau de dipldme exigé: Bac + 5 ou équivalent

Fonction : Doctorant
A propos du centre ou dela direction fonctionnelle

Inriaisthe French National Institute for Research in Digital Science, of which the
Inria Cote d'Azur University Center is a part. With strong expertise in computer
science and applied mathematics, the research projects of the Inria Cote d'Azur
University Center cover all aspects of digital science and technology and generate
innovation. Based mainly in Sophia Antipolis, but also in Nice and Montpellier, it
brings together 47 research teams and nine support services. It isactive in the
fields of artificial intelligence, data science, IT system security, robotics, network
engineering, natural risk prevention, ecological transition, digital biology,
computational neuroscience, health data, and more. The Inria Center at Université
Cote dAzur isamajor player in terms of scientific excellence, thanks to the results
it has achieved and its collaborations at both European and international level.

Contexte et atouts du poste

This PhD thesisis part of the Inria—Hivenet Challenge Cupseli: Collaborative
Unified Platform for a Scalable and Efficient Learning Infrastructure. Hivenet,
which will soon become Antimatter, aims to devel op scalable, efficient, and secure
solutions for running Al training and inference workloads on distributed,
heterogeneous, and volatile computing resources.

The PhD candidate will be hired by Hivenet and hosted mostly by the NEO

project-team at the Inria Centre at Université Céte d’ Azur, in Sophia Antipolis.
The thesiswill be carried out in close collaboration with the Inria ARGO project-
team and with Hivenet engineers. The work will focus on the design of new
distributed training algorithms tailored to environments where participants share
computing and storage resources only for limited periods of time.

The research activity will be supervised by:

Giovanni Neglia, Inria NEO, https.//www-sop.inria.fr/members/Giovanni.Neglia/
Laurent Massoulié, Inria ARGO, https.//www.di.ens.fr/laurent.massoulie/
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Igor Carrara, Hivenet / Antimatter, https://www.linkedin.com/in/carraraig/

The candidate will benefit from a highly interdisciplinary environment combining
expertise in machine learning, distributed optimization, federated learning,
stochastic systems, and large-scale distributed infrastructures.

Mission confiée

Context

The Hivenet distributed platform allows participants to share computing and
storage resources for limited periods of time. These resources may become
available only at specific moments, or may be withdrawn unexpectedly. This
creates a highly dynamic training environment, where the system must
continuously decide which resources to use, when to use them, and how to exploit
them efficiently.

This challengeis closely related to cross-device federated learning, where client
participation often depends on external constraints such as battery level, WiFi
connectivity, device usage, or time-of-day patterns. In operational federated
learning systems, volatility is often handled by recruiting alarge number of clients
at each training round and proceeding once enough responses have been received.
While effective at large scale, this strategy can be inefficient and may introduce
statistical biasesin the learning process.

The Hivenet setting differs from standard cross-device federated learning in
several important ways. First, the number of available participants may be smaller,
making it costly or impossible to rely on massive redundancy. Second, while
federated learning usually assumes that data cannot be moved across clients,
Hivenet may alow portions of datato be transferred to selected participants.
Third, the availability of Hivenet resources may sometimes be known in advance
or predicted with some accuracy, creating new opportunities for resource-aware
training algorithms.

Beyond training time and model accuracy, such systems also raise questions of
energy efficiency and environmental impact. Recent work on carbon-aware
federated learning has shown that client and time-slot scheduling can exploit
temporal and geographical variationsin carbon intensity to reduce the carbon
footprint of training [arputhargj25]. This perspectiveis particularly relevant in a
distributed infrastructure such as Hivenet, where resource availability, energy
characteristics, and communication conditions may vary significantly over time.

These specific features call for new distributed learning methods that jointly
account for statistical efficiency, system constraints, resource availability,
communication cost, and, when relevant, energy or carbon-related criteria.

Resear ch objectives

The objective of this PhD is to develop new distributed training algorithms for
volatile and resource-constrained environments such as Hivenet, taking into
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account not only training time and accuracy, but a'so communication cost and,
when relevant, energy or carbon-related objectives.

A first objective will be to model the availability of participating resources. The
candidate will study how to characterize resource availability patterns using real-
world traces, measurements, or insights from Hivenet engineers. This modeling
phase will aim to capture both predictable availability, such as daily or weekly
patterns, and unpredictable events, such as sudden resource withdrawals.

A second objective will be to design training algorithms that exploit these
availability models. The agorithms will decide which resources should participate
in training, when they should be activated, and how they should be used. In
particular, the thesis will study questions such as how much data should be
transferred to a participant, how many local model updates should be performed
before communication, and how to balance computation, communication, and
statistical progress.

A third objective will be to provide theoretical guarantees for the proposed
methods. The candidate will analyze the convergence and training-time
performance of distributed learning algorithms under intermittent, heterogeneous,
and possibly predictable resource availability. A particular focus will be placed on
understanding the trade-off between redundancy, communication cost, local
computation, and bias induced by non-uniform participation.

A fourth objective will be to investigate frugal and sustainable training strategies.
Building on recent work on client scheduling, intermittent availability, and carbon-
aware federated learning [cho22, ribero23, rodio24, arputharg25], the thesis will
study how to schedule training across clients and time slots in order to reduce
unnecessary computation, exploit favorable availability periods, and possibly
lower the carbon impact of training without significantly degrading accuracy or
increasing compl etion time.

A fifth objective will be to evaluate the proposed al gorithms experimentally. The
methods will first be tested in simulation on standard machine learning datasets
and controlled availability models. In a second phase, the most promising
algorithms will be evaluated in conditions closer to the Hivenet system, with the
goal of assessing their practical performance and deployment potential.

Overdl, the thesis aims to contribute to a new generation of frugal distributed
training algorithms: algorithms that avoid unnecessary redundancy, exploit
predictable resource availability, and make efficient use of heterogeneous
resources while preserving learning accuracy.
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Principales activités

Research.

Master-level course teaching and Master student supervision possible if the
candidate is interested.

Compétences

The candidate should have a solid mathematical background, in particular in
optimization, probability, stochastic processes, or statistical machine learning. A
strong interest in distributed systems and resource-aware machine learning is
expected.

Good programming skills are required, preferably in Python. Previous experience
with PyTorch, TensorFlow, JAX, or simulation of distributed learning systemsisa
plus. Knowledge of federated learning, distributed optimization, stochastic
modeling, scheduling algorithms, or energy-aware computing would be
appreciated.

The candidate should be motivated by both theoretical analysis and experimental
validation, and should be interested in designing algorithms that address real
constraints arising in distributed Al infrastructures.

Fluency in English is expected.

Avantages



e Subsidized meals

e 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.)

¢ Possibility of teleworking (after 6 months of employment) 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 vocationa training

e Social security coverage

Rémunération

Duration: 36 months
Location: Sophia Antipolis, France
Gross Salary per month: 2300 €

| nfor mations géneérales

e Theme/Domaine : Optimisation, apprentissage et méthodes statistiques
Systeme & réseaux (BAPE)

Ville: Sophia Antipolis

Centrelnria: Centrelnriad'Université Cote d'Azur

Date de prise de fonction souhaitée : 2026-11-01

Duréedecontrat : 3ans

Date limite pour postuler : 2026-10-25

Contacts

e Equipelnria: NEO
e Directeur dethese:
Neglia Giovanni / Giovanni.Neglia@inria.fr

A proposd'lnria

Inrig, I'institut national de recherche dans les sciences et technologies du
numérique, est en appui de |’ Etat pour |es stratégies national es de recherche et
d’innovation du numérigue en tant qu'Agence de programmes. Inria mene plus de
300 projets de recherche et d’innovation avec ses 3500 scientifiques, ingénieurs et
personnels d’ appui, en partenariat avec les universités et I’ écosysteme numérique
(entreprises, entrepreneurs, acteurs publics). Ensemble, nous explorons des
domaines clés comme I'intelligence artificielle, 1a cybersécurité, I’ informatique
guantique, le Cloud, la transformation numérique de la santé, les jumeaux
numériques ou encore | es technol ogies numériques pour la défense. Nous
construisons des solutions concretes telles que des logiciels, des startups
technologiques, des partenariats avec les entreprises du tissu national et des
formations de pointe. Notre objectif : I'impact scientifique, technologique et
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industriel au service de la souveraineté numérique de la France.

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

Sécurité défense :

Ce poste est susceptible d’ étre affecté dans une zone arégime restrictif (ZRR), telle
gue 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
dans |’ arrété du 03 juillet 2012, relatif ala PPST. Un avis ministériel défavorable
pour un poste affecté dans une ZRR aurait pour conséguence I’ annulation du
recrutement.

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



