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Abstract

In many domains (industry, defense) where systems are becoming increasingly complex and involve
numerous stakeholders and concerns, Model-Based Systems Engineering (MBSE) approaches are now
widely used. MBSE is recognized for its potential to improve the specification, design, and development
of systems.

However, several major challenges remain for the broad industrial adoption of MBSE. The het-
erogeneity and diversity of models and tools to be considered constitute a first obstacle. Model
Management approaches attempt to address this issue, notably through initiatives such as ACMoM
or Openflexo with the FML language (model federation). A second challenge is managing model
evolution, to ensure that all artifacts produced by different tools remain relevant and consistent over
time. In this context, the notion of an Authoritative Source of Truth (ASoT) captures the need to
guarantee consistency in evolving systems.

The goal of this PhD is to analyze how models evolve over time and to investigate mechanisms that
ensure smooth transitions between different versions. The objective is to develop approaches to track,
manage, and formalize these evolutions, thereby ensuring continuity throughout the design process.

Context

This PhD will take place within the AUGMENT project (funded by the DGA, coordinated by CIEDS),
in collaboration with Télécom Paris, ENSTA Bretagne, and IMT Atlantique. It will be carried out
within the P4S team of the Lab-STICC, located at ENSTA’s Brest campus. Research on Model-
Driven Engineering (MDE), and more specifically on Model Management and Model Federation, is
one of P4S’s strategic research areas.

Research Problem

Modeling is a universal practice at the core of human reasoning—used to design, understand, imagine,
analyze, and communicate. A model is a simplified representation of reality tailored to a particular
concern. Model-Driven Engineering (MDE) aims to systematize the use of models in all tasks related
to the software lifecycle. MBSE (Model-Based Systems Engineering) extends this principle to all
engineering activities across the lifecycle of complex systems.

In many domains (industry, defense), where systems grow ever more complex and involve many
stakeholders and disciplines, MBSE approaches are widely adopted. MBSE is valued for its ability to
improve traceability between requirements, functions, and architecture, and to reduce errors thanks



to improved information consistency, clear visualization, better team understanding, and easier cross-
disciplinary collaboration (mechanical, software, electronics). Companies such as Safran Electronics
and Defense (SED), Safran Aerosystems, Airbus, Thales, as well as the US DoD and NASA, have
already integrated MBSE at the core of their digital engineering strategies.

Yet, MBSE faces significant challenges related to the diversity of models, their languages, and
their paradigms. This heterogeneity complicates consistency management and limits adaptability to
evolving operational requirements. Model Management (MoM) approaches aim to tackle heterogene-
ity [1]. Methods and tools for addressing the semantic interoperability of numerous models used in
complex systems development have been explored in both academic and industrial contexts [2]. The
“model federation” approach, implemented in the Openflexo technology [5, 4, 8], allows models to be
federated by defining viewpoints while preserving their technical environments (formats and tools) and
maintaining consistency. Similarly, the ACMoM (Architecture-Centric Model Management) project,
funded by the US DoD, developed a tool-supported model management approach [3, 6, 7], enabling for-
mal representation of multiple modeling languages and models, as well as their interrelations, ensuring
coherence across complex system design.

Nevertheless, one of the main barriers to MBSE adoption is the lack of systematic strategies for
managing model evolution, which is essential to ensure that models remain both relevant and consis-
tent over time. The notion of an Authoritative Source of Truth (ASoT) is central here, as it determines
which models need to be updated to preserve coherence. Without careful ASoT management, engi-
neering teams risk working with obsolete or inconsistent models—potentially jeopardizing mission
success, especially in critical domains such as defense.

This PhD aims to study the management of model evolution. System engineering activities will
serve as a business reference framework. The research will focus on observing, analyzing, and char-
acterizing model evolution over time, while investigating mechanisms to ensure smooth transitions
between versions. The ultimate objective is to provide approaches for tracking, managing, and for-
malizing model evolution, thereby improving continuity in the design process.

Research Directions

The general methodology will rely on mechanisms for organizing and managing models. As a first
step, the Openflexo model federation approach will be compared to the ACMoM framework.

Next, the research will focus on observing, analyzing, and characterizing model evolution across
different business contexts. This will involve multiple experiments related to system engineering
activities and industrial case studies. The work will investigate the evolution of artifacts (models)
created by various tools and actors across different processes. This raises business concerns such as
co-evolution management [9]. From a technical perspective, the research will explore reification and
semantics of the “version” concept. Some artifacts may be versioned using version control systems
(e.g., git or sun'), others may follow ad hoc naming strategies in file systems, while some tools may
themselves provide versioning of artifacts.

In this context of heterogeneous modeling (tools, versioning), the PhD will propose, develop, and
compare approaches for ensuring consistency in the evolution of interconnected models.

The notion of the design multiverse [10] may also be explored as part of this research.

Expected Candidate Skills
The candidate should possess (or be able to rapidly acquire) skills in the following areas:

e Software development

o mMdeling and metamodeling (Model-Driven Engineering - MDE)

'How to handle multiple coexisting versions of an artifact to support explicit co-evolution?



o Interest in domain-specific engineering challenges

o English proficiency (daily communication, professional use)

As with any PhD, the candidate should be motivated by research, and demonstrate openness,
curiosity, and autonomy.

Research Team

The P4S team is part of the SHARP research cluster of the Lab-STICC laboratory (UMR 6285). Its
name is an acronym for ”Processes for Safe and Secure Software and Systems”.

The team focuses on methods and tools for specifying and describing systems and software to
ensure their safety and security. P4S relies on strong expertise in system and process modeling and
metamodeling.

This PhD proposal lies at the heart of P4S’s activities, especially in ongoing work on model
federation. It offers an excellent opportunity to join a dynamic team already actively engaged in these
research topics.

Contact

For inquiries and applications, please contact:

e ciprian.teodorov@ensta.fr
¢ sylvain.guerin@imt-atlantique.fr

e dominique.blouin@telecom-paris.fr
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