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A. Safe Reinforcement Learning (Ασφαλής Ενισχυτική Μάθηση)  
Description: Theses in this thematic area aim to study state of the art safe reinforcement 
learning algorithms and develop novel ones with performance guarantees, demonstrating 
their performance in benchmarking settings.  
The goal is challenging given that most safe reinforcement learning algorithms, training 
models through exploration, make unsafe decisions during training and inference and do not 
have performance guarantees. In many applications, unsafe decisions are undesirable even 
at the training phase. 
This area shares a lot with control theory and has many applications in foundational models 
and robotics.  
The focus is in reinforcement learning, although methods from control theory may also be 
investigated in combination with reinforcement learning methods. 

Goals and Deliverables:  

- A safe reinforcement learning algorithm with state of the art results on benchmarks 
- Theoretical results with respect to performance bounds and safety guarantees of 

reinforcement learning algorithms 

Specific learning outcomes:  

- Specialization in practical and theoretical aspects of deep reinforcement learning 
- Specialization in safe decision making in high-stakes domains 

References 

 
1 Το έγγραφο αναφέρεται σε θεματικές και όχι σε συγκεκριμένα θέματα. Τα θέματα θα εξειδικευτούν αναλόγως 
των ενδιαφερόντων των φοιτητριών /φοιτητών και του διδάσκοντα. 
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B. Ontology Alignment through Linguistic Reinforcement Learning with 

Foundational models  
(Αντιστοίχιση Οντολογιών µε αξιοποίηση θεµελιωδών µοντέλων και χρήση 
ενισχυτικής µάθησης βασιζόµενης στη γλώσσα) 

Description: Ontologies are artifacts for describing data in semantically valid ways, 
formalizing domain and data conceptualizations. Their necessity to combine distinct and/or 
fragmented, disparate and multi-modal data sources is of importance to allow agents to 
reason jointly, providing context to their reactions and reasoning tasks. However, having 
multiple ontologies describing distinct data sources is a major problem, as these may 
describe common terms and relations in different ways, at different levels of abstraction etc.  
By aligning ontologies, we aim to find semantic correspondences between ontology elements, 
with the objective agents to share knowledge by mapping entities from their own ontology to 
others, obtaining a common context. 
The use of LLMs, providing rich linguistic and domain knowledge, aim to enhance the 
discovery of semantic relations among ontology entities. Foundational models for different 
data modalities (e.g. VLMs) can help in aligning ontologies with respect to multi-modal data.  
Theses in this thematic area aim to address the ontology alignment problem with the use of 
foundational models, also investigating the use of reinforcement learning techniques in this 
context. 
The focus regarding novelty can be either in reinforcement learning, or in ontology alignment 
or in both. 

Goals and Deliverables:  

- Linguistic reinforcement learning method under semantic constraints 
- A method for ontology alignment using foundational models and reinforcement learning 

techniques 
- Results from evaluating the proposed method in Ontology Alignment Evaluation 

Initiative benchmarks. 

Specific learning outcomes:  

- Specialization in linguistic reinforcement learning methods with foundational models 
- Specialization in ontology alignment with the assistance of foundational models 
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C. Language assisted Deep Reinforcement Learning  

(Βαθιά Ενισχυτική Μάθηση υποβοηθούµενη από πράκτορες φυσικής 
γλώσσας) 
 

Description: The focus of such a thesis will be to combine deep reinforcement learning with 

language agents. This fusion, often termed "language-based reinforcement learning" 

allows agents to use natural language to critique their own decisions, which then guides the 

numerical optimization of DRL. 
The benefits of this combination can be as follows: 
Improved Sample Efficiency: By incorporating human-like reasoning into exploration, 
agents require fewer interactions to learn. 
Enhanced Stability: Language agents help address the "non-stationary" problem in DRL 
(where the environment appears to change because the policy changes), making training 
more stable. 
Reduced Reward Engineering: The verbal reflection acts as a natural "reward shaper," 
guiding the agent without requiring the design of reward functions. 
Better Generalization: Agents may be able toi generalize better to unseen scenarios.  

Goals and Deliverables:  

- Study existing methods and design a method that deep reinforcement learning and 
language-assisted reinforcement learning. 

- Evaluate the method in benchmarks, and prove that it has certain benefits compared to 
deep reinforcement learning and language-assisted agents, alone. 

Specific learning outcomes:  

- Specialization in language-based reinforcement learning methods with foundational 
models 

- Deep dive into agentic AI 
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D. Modelling human gait with imitation learning methods 

(Μοντελοποίηση ανθρώπινης κίνησης µε µεθόδους µιµητικής µάθησης) 
 

Description: This thesis aims to model human gait by means of imitation learning 
techniques, using available datasets  of healthy persons at various ages. 
The benefits of this modelling can be as follows: 
- Diagnose abnormal gait 
- Support humans to stay safe while moving 
- Identifying humans using gait patterns 

Goals and Deliverables:  

- Study state of the art  imitation learning methods. 
- Formulate the problem and select the most prominent methods. 
- Evaluate comparatively methods in modelling human gait. 

Specific learning outcomes:  

- Specialization in imitation learning  
- Knowledge on applying advanced machine learning in modelling human gait 
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