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Detailed description of the thesis subject:

1. Context and main problem

The acquisition of processes through content has become very popular in recent years. This
technology refers to how individuals acquire new knowledge and skills by learning content in a
specific domain [1]. This approach to human learning focuses on how learners process information
and use it to construct new cognitive processes. According to this approach, learners acquire
cognitive processes by acquiring the content of a specific domain, such as procedures, rules,
concepts, and principles. During this process, learners also develop cognitive skills such as problem
solving, decision-making, critical thinking, and creativity [2]. These skills are integrated into their
thought processes and are available for application in other contexts and situations. In this context,
the digitalization of acquisition processes through content is fundamental. The global dedicated
software market grew 63% in 2018, making it the fastest growing segment of the enterprise
software market, according to Gartner. Many software companies, such as SAP, UiPath, IBM, or
Microsoft, provide software solutions. However, it is not sufficient to consider technology alone to
address the problems posed by modeling business knowledge and building processes that enable
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the learner to acquire new knowledge. A recent area of research consists of the use of artificial
intelligence, including multi-agent systems, knowledge engineering, and machine learning, to build
innovative solutions based on the “process acquisition method”. These new tools will address the
issues of automating repetitive tasks that previously required human intervention.

As part of the activities of the ARMTEK company linked to the construction and maintenance of
industrial procedures in the Defense sector, the aim is to design a system that makes it possible to
digitize the atomic elements constituting the descriptions of industrial procedures, and to
dynamically construct new procedures taking into account the semantics and the shape of these
atoms, as well as the profile of the person who must read the documentation. In this general
context, it is proposed to build a hybrid artificial intelligence system, linking knowledge
engineering and multi-agent systems, to automatically construct and offer to an end-user a
document describing an industrial procedure while integrating the semantic coherence of the
elements constituting the documentation and the user profile.

On the one hand, the scientific field of artificial intelligence has a subfield related to knowledge
engineering and modeling in different fields such as industry [3], smart cities [4], and also energy
[5,6]. These different works use techniques based on ontologies, semantic networks, modeling
processes, etc. Furthermore, more recently focused on the evolution over time of business
knowledge to share skills in companies [7] or adapt to new technical legal information [8] and
notably the field of ‘lifelong machine learning” [9]. As part of this doctoral thesis, it will be a question
related to the integration of the latest research results in terms of knowledge modeling to obtain a
semantically enriched model that can be used for the construction of new processes by a set of
autonomous agents.

On the other hand, the field of complex systems modeling based on artificial intelligence (such as
multi-agent systems) is interested in the modeling of concepts, processes, and methods to build
methodologies. The systems considered by ARMTEK are by nature complex. Therefore, it would be
interesting to explore this research direction to formalize the methodology used by ARMTEK
collaborators and its partners and to allow its generalization and evolution according to knowledge
and technical legal practices. In this context, it is important to study existing models. The problem
of automatic creation of technical documents is not recent and is not specific to the field of industry.
For example, Andersen et al. [10] discuss the technical documentation of large equipment systems.
As part of this thesis, the aim is to construct an innovative methodology that complements those
already existing and is generally based on the following steps [11, 12, 13]:

e Business knowledge modeling, generally using semantic and ontology tools;

e (Calculation of several good solutions that meet customer requirements;

e Selection of the best options from the set of good solutions;

e Construction of the document.

A minority of articles in the literature use ontology or calculation solutions based on Al, and more
particularly with multi-agent systems, to respond to the challenges of automatic, contextual, and
smart documents. It remains an open research direction. Multi-agent systems and knowledge
modeling offer several advantages for the autonomous and dynamic creation and management of
processes, including distributed intelligence, interoperability, complexity management,
adaptability, common semantics, knowledge reuse, reasoning, flexibility, and facilitation of user
learning.

Despite a certain number of scientific works in relation to the context and the issues of this thesis,
scientific obstacles persist:
1. How to model a specific business process that includes multiple actors?




2. How can we model the behavior of each element participating in the evolution of the
complex system?

3. How to interface existing field operators with agent management modules in multi-agent
systems for process automation?

4. How can improve the acceptance of change by local stakeholders when introducing a new
management system?

Today, the dynamic generation of documents is widespread with the development of generative Al
based on transformers such as LLM (Large Language Model) approaches whose main tool is ChatGPT
for example. However, numerous works point out the limitations of these technologies and the
expected results. The use of multi-agent approaches combined with ontologies for document
generation, especially in the context of contextual adaptation of business processes, has several
advantages over LLM-based approaches. Thus, the main limitations of LLMs which justify the
adoption of a multi-agent approach are: (i) LLMs, although excellent for generating content based
on linguistic patterns, have limitations in terms of deep and dynamic contextual understanding;
therefore, they may lack the domain-specific precision needed for certain business processes. In
particular, LLMs have difficulty integrating and applying complex business rules and policies in a
coherent manner, which can lead to erroneous or irrelevant answers in the presence of incomplete
or ambiguous information; (ii) Added to this are the constraints of updating LLMs, the latter having,
through their learning approach, limits in terms of interactivity and adaptability in real time.

To address these limitations, we need to develop a new reasoning approach to better understand
and respond to changes in business processes and specific contextual requirements. This approach
would allow for a more precise and relevant adaptation on the representation and management of
business rules and constraints, thus ensuring that the documents generated respect specific
standards and regulations while adapting in real time to changes in the environment or to user
requests. Our scientific hypothesis, given our expertise in the field of artificial intelligence, would be
to design an approach based on multiagent systems with ontologies. By its ability to evolve through
simulation, as well as modeling and reasoning on expert truths (ontology), this approach could
respond to the limits presented above. Multi-agent systems, thanks to their capacity for distributed
reasoning and to make decisions based on logical rules and structured knowledge (ontology), would
offer better contextual adaptation, domain-specific personalization, and more precise management
of constraints and complex business process requirements, which is essential for document
generation in complex systems.

2. General objective of the thesis

The objective of this thesis is to propose a model and associated tools to respond to one or more of
the scientific issues cited above. A system modeling approach such as metaheuristic optimization
techniques, such as particle swarm optimization [14] or models inspired by insect colonies [15, 16,
17], could be considered. However, because the solution search space is a semantic graph, existing
approaches must be adapted. In addition, the graph exploration heuristic which is applied by the
agents must be specified and integrate business constraints and usage information linked to the
specific application domain of ARMTEK.

The end-user will be represented by an agent in the system to allow the implementation of methods
of cooperation, coordination, and negotiation between this agent and the different agents
representing the possible documents. This will allow the system to build several solutions and select
the one that best meets the end-user's expectations. The innovative nature of the project is to
design this hierarchical multi-agent system where the collaboration strategy of the agents lies in the
analysis of the semantic complementarity of the information they carry and its distance of relevance
with the profile and context of the reader.
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