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PhD Thesis Offer:
Routing and Configuring TSN and DetNet Networks: From Network-Calculus
Algorithms to Linear Constraints and Graph Neural Networks.

Keywords: Time-Sensitive Networking (TSN), Deterministic Networking (DetNet),
Mixed Integer Linear Programming (MILP), Network Calculus
Institution/Employer: CNRS
Doctoral School: IAEM
Specialty: Computer Science
Research Team: SIMBIOT at LORIA
PhD Advisors: Ludovic Thomas (ludovic.thomas@cnrs.fr) and Ye-Qiong Song
Start of the PhD: negotiable around March 2026 – October 2026
Duration of the PhD: 3 years
Applications submitted by November, 15th, 2026 will receive full consideration. If a
suitable candidate is not identified, the position will remain open and subsequent
applications will be reviewed until the role is filled. Please apply by sending a resume
and cover letter to ludovic.thomas@cnrs.fr

Background:

Time-sensitive networks are used for safety-critical cyber-physical systems (CPSs) in
vehicles, planes, satellites or power plants. Their significance has been increasing over
the years and they are now used in many more applications, ranging from autonomous
cars, automated manufactures (industry 4.0) to 5G backbone networks. While traditional
public networks aim at improving the mean service performances (mean round trip time,
mean throughput), time-sensitive networks provide guarantees for the worst case (e.g.
guarantee of a maximal latency, guarantee of no loss, …). Time-sensitive networks use
specific layer-2 technologies such as IEEE TSN [TSN] for providing deterministic latency.
Most of the time, certification authorities require formal proofs of the network timing
behavior [LeBoudec01]. Network calculus is a commonly used theory for providing such
formal proofs. Over the recent years, open-source tools based on network calculus have
been published and provide timing upper bounds for a given network configuration (ex:
for a given allocation of routes and priorities to flows).

However, time-sensitive networks control increasingly large and dynamic systems
(smart-grid systems, unmanned air traffic management, public transportation systems).
To choose a routing and configuration (ex: what paths and priorities to allocate to flows,
depending on their deadlines and traffic profile ?) for these new types of networks,
enumerating all possible configurations, analyzing them all using network-calculus tools
to retain only those that meet the flows’ requirements becomes impractical. The RÉCITAL
research project proposes to start from the flow latency constraints to generate a routing
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of flows and a network configuration that respect these constraints and minimize the
network usage and/or maximize the monetary value of the service.

Project description:

The idea in RÉCITAL’s research project is to describe the routing-and-configuration
problem as a Mixed Integer Linear Program (MILP) to leverage the performance of MILP
solvers. We expect that this approach can provide better results than the ones based on
gradient descent [Geyer22]. However, network calculus relies on the min-plus algebra
(ℝ+, min, +) that differs from the classic algebra (ℝ, +, ×) by replacing the sum by the
minimum and the product by the sum. As a consequence, the elementary operations that
network-calculus-based algorithms use are not linear in the classic algebra used by MILP
solvers.

In this PhD thesis, we propose to address this challenge. Indeed, we have observed that
the elementary operations used by one of the network-calculus algorithms (xTFA
[Tsai24]), although non-linear in the classic algebra, can be written as constraints that
can be linearized. The goal of the thesis is to see to what extend this applies to all
elementary operations used by this algorithm to then obtain a MILP that encodes the
routing-and-configuration problem (ex: allocation of flows’ paths, priorities). The
objectives of the thesis are:

– To investigate the re-writing of elementary operations in xTFA as linear
constraints and model network schedulers as linear constraints based on their
service curve.

– To develop, test and select, in collaboration with a postdoctoral researcher, a MILP
approach that provides a good trade-off in accuracy and computational effort for
routing and configuring a time-sensitive network.

– To develop ML approaches for routing the flows and configuring the schedulers
under latency constraints and to compare them with respect to MILP approaches.

– To explore ways to combine MILP, ML and heuristics approaches for finding the
optimal solution.

– To deploy and test the approaches on the SLICES-FR research infrastructure.

Student profile:

· Background in algebra.
· Very good programming skills.
· Knowledge of computer networks (layered approach, etc).
· Interest in time-sensitive systems is a plus.
· Knowledge on optimization techniques is a plus.
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Working Environment:
The employer for the position is CNRS (French National Centre for Scientific Research),
France’s largest public research organization and one of the world’s leading institutions
in scientific research. With over 33,000 employees and a presence across all scientific
disciplines, CNRS conducts both fundamental and applied research to address major
societal challenges. Renowned for its excellence, its expertise spans humanities and social
sciences, life sciences, physics, chemistry, mathematics, engineering, and more. CNRS is
committed to innovation, knowledge sharing, and research-based education,
collaborating with universities, industries, and international partners.

The research will be conducted at LORIA (Lorraine Research Laboratory in Computer
Science and its Applications), a research unit, common to CNRS, the University of
Lorraine, CentraleSupélec and Inria. This unit was officially created in 1997. Loria focuses
on fundamental and applied research in computer sciences. Bolstered by the 500 people
working in the lab, its scientific work is conducted in 28 teams including 14 common
teams with Inria. Loria is today one of the biggest research labs in the Grand Est Region.

The position is located in Nancy, France. Nancy is a vibrant city that beautifully blends
historical heritage with innovation. As the former capital of the Dukes of Lorraine, it is a
UNESCO World Heritage site, celebrated for its 18th-century masterpiece, the Place
Stanislas. A lively student city with a rich cultural scene, Nancy is home to prestigious
institutions such as the University of Lorraine, top engineering schools, and leading
research centers, fostering a thriving environment for scientific excellence and
collaboration. With its high quality of life, renowned cuisine, and central location in
Europe, Nancy is an attractive place to live and work.
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