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Agent-based compositional visual reasoning 
 
Διπλωματική Εργασία 1 

 
Επιβλέπων Αθανάσιος Βουλόδημος   

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language-Vision Models, Computer vision, MAS 
Research 

 
Περιγραφή 
  
Visual reasoning is one of the most challenging computer vision tasks, questioning models’ ability regarding 
compositionality, spatial understanding and pattern-based reasoning. Recent challenges have been 
analyzed in the recent survey of Ke et al (2025) [1], highlighting research paths to be followed -which is the 
focus of the current diploma thesis. In the emergence of powerful Large Vision-Language Models (LVLMs), 
high-complexity visual reasoning challenges can be effectively approached, posing the real reasoning 
barrier of state-of-the-art implementations in terms of task performance, as well as explainability. Moreover, 
since agent-based approaches have been shown to significantly trespass the performance of standalone 
model-based techniques, we aim to research the effect of collaborative LVLM agents that enhance LVLM 
baselines [2]. Additional, appropriate prompting enforcing step by step thoughts, visually grounded chain of 
thought and other novel methods (e.g. Chain of Focus) should be explored in conjunction to agentic 
architectures. 
In this thesis, we will explore a variety of visual reasoning tasks and datasets including (but not necessarily 
limited to) GQA, ReasonSeg, the Visual Abstractions Benchmark etc targeting compositional generalization, 
KANDINSKYPatterns, Bongard-LOGO, RAVEN etc for pattern comprehension, CRIC for compositional 
commonsense reasoning. Experimentation will include a variety of state-of-the-art LVLMs which will be 
prompted according to the suggested techniques that elicit visual reasoning abilities. 
 

 
[1] ‘Explain Before You Answer: A Survey on Compositional Visual Reasoning’, Fucai Ke, Joy Hsu, Zhixi Cai, 
Zixian Ma, Xin Zheng, Xindi Wu, Sukai Huang, Weiqing Wang, Pari Delir Haghighi, Gholamreza Haffari, Ranjay 
Krishna, Jiajun Wu, Hamid Rezatofighi https://arxiv.org/abs/2508.17298  
[2] ‘Analyze-Prompt-Reason: A Collaborative Agent-Based Framework for Multi-Image Vision-Language 
Reasoning’ Angelos Vlachos, Giorgos Filandrianos, Maria Lymperaiou, Nikolaos Spanos, Ilias Mitsouras, 
Vasileios Karampinis, Athanasios Voulodimos, ACM Multimedia 2025 https://arxiv.org/abs/2508.00356  
 
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνικές prompting, τεχνολογίες και βιβλιοθήκες για 
transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr), τη Μαρία Λυμπεραίου (marialymp@ails.ntua.gr) και τον Β. Καραμπίνη (e-mail: 
vkarampinis at ails.ece.ntua.gr) 
 
 
 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2508.17298
https://arxiv.org/abs/2508.00356
mailto:marialymp@ails.ntua.gr
http://ails.ece.ntua.gr


 

Vision-Language models for visual puzzles and abstract 
reasoning 
 
Διπλωματική Εργασία 2 

 
Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language-Vision Models/Computer vision 
Research 

 
Περιγραφή  
Current state-of-the-art large models face several challenges when prompted for reasoning on puzzles [1] 
and brainteasers [2], since abstract and multi-hop thinking is required. Especially when visual information is 
added, as in the case of visual puzzles (visual patterns, analogies, diagrams etc) [3], the landscape 
becomes even more interesting. This diploma thesis aims to explore the capabilities, limitations and 
improvements over existing Large Vision-Language models in the task of visual puzzle solving. 
Our primary testbed comprises Raven’s Progressive Matrices (RPMs) (to evaluate pattern completion / 
analogies), Bongard Problems (to check discriminative cues between puzzles), Matchstick puzzles 
(question logic and commonsense perception), optical illusions and others. Other from known datasets, we 
aim to construct counterfactual questions to test causal reasoning pathways, spatial understanding and 
combat memorization (e.g. if we rotate this image 180 degrees clockwise, if we flip the image, etc). This 
extended experimentation will reveal the existing abilities of current LVLM and present improvement 
solutions via prompting or model collaboration. 
 
[1] Puzzle Solving using Reasoning of Large Language Models: A Survey, Panagiotis Giadikiaroglou, Maria 
Lymperaiou, Giorgos Filandrianos, Giorgos Stamou https://arxiv.org/abs/2402.11291  
[2] RISCORE: Enhancing In-Context Riddle Solving in Language Models through Context-Reconstructed 
Example Augmentation,  Ioannis Panagiotopoulos, Giorgos Filandrianos, Maria Lymperaiou, Giorgos Stamou 
https://arxiv.org/abs/2409.16383  
[3] Deep Learning Methods for Abstract Visual Reasoning: A Survey on Raven's Progressive Matrices, 
Mikołaj Małkiński, Jacek Mańdziuk https://arxiv.org/abs/2201.12382  
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνικές prompting, τεχνολογίες και βιβλιοθήκες για 
transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr),  και τη Μαρία Λυμπεραίου (marialymp@ails.ntua.gr) 
 
 
 
 
 
 
 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2402.11291
https://arxiv.org/abs/2409.16383
https://arxiv.org/abs/2201.12382


 

Counterfactual reasoning for images and videos 
 
Διπλωματική Εργασία 3 

 
Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language-Vision Models/Computer vision 
Research 

 
Περιγραφή  
Counterfactual reasoning refers to the ability of responding ‘what would have happened’ under alternative 
formulations of reality. This type of reasoning is highly connected to human intelligence and poses a 
seminal challenge for AI systems. The growing popularity of vision-language models makes them ideal 
candidates for rigorous testing, with counterfactual setups offering a timely way to probe their true 
reasoning abilities. This is the focus of the current diploma thesis. 
Specifically, we consider a variety of data distributions for counterfactual testing: CoSIm (Commonsense 
Scene Imagination), ACQUIRED (Counterfactual Reasoning from Videos based on question-answering), 
CLEVRER (Counterfactual Questions in Synthetic Videos), COCO-Counterfactuals (Automatically generated 
counterfactual image–caption pairs), C-VQA (Counterfactual VQA for Vision-Language Models), CoBRa 
(Counterfactual Bias-Robust Reasoning), HalluSegBench (Counterfactual for Segmentation Hallucination); 
by experimenting on those diverse datasets, we are able to capture several aspects of causal reasoning in 
state-of-the-art vision-language models and drive insights towards their future improvements. 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνικές prompting, τεχνολογίες και βιβλιοθήκες για 
transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr), και τη Μαρία Λυμπεραίου (marialymp@ails.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492


 

Probing visual reasoning through cooperation and competition 
 
Διπλωματική Εργασία 4 

 
Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language-Vision Models, Computer vision, MAS 
Research 

 
Περιγραφή  
Visual reasoning in an interconnected fashion via agent communication is a very underexplored area that 
targets to understand whether vision-language models share a common representation and reasoning 
process. Vision-language agents can cooperate and compete through visual games, revealing reasoning 
cues in a black-box manner i.e. without primarily accessing their embedding spaces by merely observing 
their responses in a systematic way. For example, two discriminative agents can have different levels of 
information in a maze puzzle: one agent has an overview of the whole maze, while the second one has a 
local, zoomed perspective; the two agents have to collaborate in order to find the shortest path. This is an 
example of a collaborative game. On the other hand, competitive games may include one agent that sees 
an image but can only describe it (text), while another agent must guess the image among candidates 
-especially in ambiguous cases-. 
Moreover, the same setup can be implemented adversarially to explore persuasion, deception, and 
adversarial robustness-especially when more than two agents compete or collaborate: the one agent can 
fool the other e.g. multiple LVLM agents debate what rule governs a set of images (e.g., Bongard problems, 
maze pathfinding or other visual puzzles), while one adversarial agent tries to argue for a wrong rule. Will 
the rest of the agents identify the odd one out? Or will the misinformation be amplified, especially in cases 
where we insert more malicious agents? The findings of this experimentation will reveal trends present in 
LVLMs when prompted to compete or collaborate in visual games. 
Regarding datasets, we will experiment with visual puzzles, such as Bongard or Raven matrices (other 
options can be StarCraftImage, iVISPAR, WinoGAViL etc), as well as mazes which can be automatically 
generated via algorithms and solved in a deterministic manner.  
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνικές prompting, τεχνολογίες και βιβλιοθήκες για 
transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr), και τη Μαρία Λυμπεραίου (marialymp@ails.ntua.gr), τον Γ. Φιλανδριανό (e-mail: geofila 
at ails.ece.ntua.gr) και Κ. Θωμά (email: kthomas at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
mailto:marialymp@ails.ntua.gr


 

Large Language Models as Strategic Bidders in Auctions 
 
Διπλωματική Εργασία 5 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language Models, MAS 
Research 

 
Περιγραφή  
Recent advances in Large Language Models (LLMs) open opportunities for studying economic 
decision-making in multi-agent settings such as auctions. This project proposes to investigate how LLMs 
behave as autonomous bidders in different auction formats, with particular attention to rationality, cognitive 
biases, and adversarial manipulation. We will implement sealed-bid and ascending auctions where each 
agent receives a private valuation of an item and must decide on a bid to maximize its expected payoff. To 
test the influence of context, agents will be exposed to anchors (irrelevant reference prices), persuasive 
messages from adversarial agents, and common-value signals that induce a winner’s curse. 
 
For empirical grounding, we will combine real-world datasets (e.g., eBay auction logs, government 
procurement data, and FCC spectrum auction records) with synthetic datasets generated by running 
repeated auctions among LLM bidders under controlled valuation distributions. Each auction instance will 
yield a log of valuations, bids, winning price, and payoffs, forming a dataset suitable for both behavioral and 
statistical analysis. Evaluation will rely on multiple metrics: (i) Bid shading ratio (average bid divided by 
valuation) to measure rational strategy; (ii) Overbidding index and frequency of negative payoffs as 
indicators of biases; (iii) Revenue and allocative efficiency (probability that the highest-valuation agent wins) 
as system-level outcomes; and (iv) anchoring sensitivity (change in bids under irrelevant reference points) 
to capture cognitive effects. Comparisons will be drawn against equilibrium predictions from auction theory 
and human bidding data where available. 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνικές prompting, τεχνολογίες και βιβλιοθήκες για 
transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr), και τη Μαρία Λυμπεραίου (marialymp@ails.ntua.gr) 
 
 
 
 
 
 
 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174


 

Musical Surprisal – A Multimodal Approach 
 
Διπλωματική Εργασία 6 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Music Information Retrieval 
Research 

 
Περιγραφή  
 
Musical surprisal plays a central role in how listeners perceive, experience, and emotionally respond to 
music. It can be detected through both audio [1] and physiological signals [2]. This diploma thesis will 
explore methods for detecting musical surprisal across multiple modalities, including symbolic music 
representations (scores, MIDI), audio recordings, valence–arousal annotations, and physiological 
biosignals. By integrating these perspectives, the project aims to investigate how unexpected musical 
events can be computationally captured and characterized, providing deeper insights into the relationship 
between musical structure, perception, and emotion. 

The student will review relevant literature, implement and evaluate heuristic algorithms, and propose 
original approaches for detecting surprising moments in music. Because the project is music-driven, it 
requires a working knowledge of higher-level musical concepts such as key changes, tempo shifts, and 
chromatic movements. This foundation will allow the student to connect algorithmic methods with the 
kinds of structural changes in music that often trigger surprise in listeners. 

 
[1] Bjare, Mathias Rose, et al. "Estimating Musical Surprisal in Audio." ICASSP 2025-2025 IEEE International 
Conference on Acoustics, Speech and Signal Processing (ICASSP). IEEE, 2025. 
 
[2] GALEANO‐OTÁLVARO, Juan‐Daniel, et al. Neural encoding of melodic expectations in music across EEG 
frequency bands. European Journal of Neuroscience, 2024, 60.11: 6734-6749. 

 
Απαιτούμενες/επιθυμητές γνώσεις: Python, μοντέλα μηχανικής μάθησης, εξοικείωση με μουσικούς όρους. Για 
περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at 
mail.ntua.gr), τον Βασίλη Λυμπεράτο (vaslyb@ails.ece.ntua.gr) και τον Σπύρο Κανταρέλη 
(spyroskanta@ails.ece.ntua.gr). 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174


 

Explaining Vision GNNs Through Information-Theory: Robustness, 
Bottlenecks, and Failures 
 
Διπλωματική Εργασία 7 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks / Vision Understanding 
Research 

 
Περιγραφή  
 

Vision Graph Neural Networks (GNNs) represent a significant departure from traditional vision models, yet a 
fundamental understanding of their internal reasoning remains a key challenge. This thesis will apply a 
unified, information-theoretic framework to fill this gap, moving beyond surface-level explainability. Drawing 
on recent research into "information bottlenecks," this work will employ entropy-based metrics to conduct a 
systematic, layer-by-layer analysis of how these models compress and process visual information. A central 
focus will be the analysis of adversarial examples to address a critical question: can catastrophic model 
failures be directly linked to a quantifiable collapse in their internal representation quality? Ultimately, this 
work aims to establish a clear link between the VisionGNN architecture, its internal information dynamics, 
and its overall robustness, contributing insights for designing the next generation of trustworthy vision 
models. 

[1] Vision GNN: An Image is Worth Graph of Nodes https://arxiv.org/abs/2206.00272 ​
[2] Layer by Layer: Uncovering Hidden Representations in Language Models 
https://icml.cc/virtual/2025/poster/45028 ​
[3] Explaining Vision GNNs: A Semantic and Visual Analysis of Graph-based Image Classification, ΧΑΙ 2025, 
https://arxiv.org/abs/2504.19682v1  

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), τον Νίκο Χάιδο 
(e-mail: nchaidos at ails.ece.ntua.gr) και την Αγγελική Δημητρίου (e-mail: angelikidim at ails.ece.ntua.gr). 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/abs/2206.00272
https://icml.cc/virtual/2025/poster/45028
https://arxiv.org/abs/2504.19682v1


 

The Geometry of Vision GNNs: A Graph-Theoretic Perspective 
 
Διπλωματική Εργασία 8 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks / Vision Understanding 
Research 

 
Περιγραφή  
 

Vision Graph Neural Networks offer a novel paradigm for computer vision by structuring images as dynamic 
graphs, but how these graphs evolve internally remains largely underexplored. This thesis moves beyond 
feature-level analysis to investigate the fundamental graph-theoretic properties of Vision GNNs as 
information propagates through the network. The goal is to conduct a systematic, layer-by-layer, 
graph-theoretic analysis to understand how the graph's topology changes, examining spectral properties 
like Laplacian eigenvalues, node centrality metrics, and global structural measures. This investigation will 
be complemented by a comparative study of diverse GNN architectures, contrasting the standard ViG 
model with specialized variants that use hypergraphs for higher-order relations or constrained connections 
for efficiency. The research aims to establish a clear link between architectural design choices, the 
emergent structural properties of the graph, and the model's ultimate learning behavior, providing insights 
into this promising class of vision models. 

[1] Vision GNN: An Image is Worth Graph of Nodes https://arxiv.org/abs/2206.00272 ​
[2] Explaining Vision GNNs: A Semantic and Visual Analysis of Graph-based Image Classification 
https://arxiv.org/abs/2504.19682v1  

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), τον Νίκο Χάιδο 
(e-mail: nchaidos at ails.ece.ntua.gr) και την Αγγελική Δημητρίου (e-mail: angelikidim at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/abs/2206.00272
https://arxiv.org/abs/2504.19682v1


 

Structuring Synthesis: A Graph Diffusion Framework for Tabular 
Data Generation 
 
Διπλωματική Εργασία 9 

 
Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks / Data Generation 
Research 

 
Περιγραφή  
 

Generating high-fidelity synthetic tabular data is crucial for modern machine learning, yet existing models 
often fail to capture the intricate, non-linear dependencies between features. This thesis introduces a 
framework that leverages the power of graph diffusion models to address this challenge, reframing tabular 
data generation as a structured denoising process on a graph of features. The research is centered on three 
core challenges: 1) establishing a robust methodology for representing tabular features as nodes in a graph; 
2) exploring techniques for defining edges that encode meaningful inter-feature relationships, from 
statistical correlations to dynamically learned structures; and 3) designing a unified diffusion process that 
can adeptly generate discrete and continuous feature types. As this work tackles several open questions at 
the intersection of these fields, it is oriented towards fundamental research aimed at developing a more 
principled approach to tabular data synthesis for applications like data augmentation. 

[1] A Comprehensive Survey of Synthetic Tabular Data Generation https://arxiv.org/abs/2504.16506  

[2] DiGress: Discrete Denoising diffusion for graph generation https://arxiv.org/abs/2209.14734  

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), τον Νίκο Χάιδο 
(e-mail: nchaidos at ails.ece.ntua.gr) και τον Ηλία Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2504.16506
https://arxiv.org/abs/2209.14734


 

Efficient Multimodal Graph Learning: Scaling Visual-Graph 
Encoders 
 
Διπλωματική Εργασία 10 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks / Multimodal 
Research 

 
Περιγραφή  
 

Graph neural networks (GNNs) have become the dominant paradigm for learning on graph-structured data, 
yet their reliance on message passing often limits their ability to capture higher-order structural patterns. 
Recent work, such as [1], has shown that incorporating visual representations of graphs can significantly 
enrich GNN performance by providing an additional modality of structural information. However, the 
extension of these ideas to tasks beyond link prediction, and the scalability to different dataset sizes, are 
still significantly underexplored. This thesis aims to address this gap by developing efficient and scalable 
visual-graph encoders that retain the benefits of visual features while lowering computational and memory 
overhead. Beyond efficiency, it will also explore whether scalability can be further improved by switching to 
or dynamically combining cheaper modalities—such as motif- or text-based encodings, as suggested by 
recent modality comparison studies [2, 3]—allowing the system to adapt to graph size and complexity. The 
expected contribution is a set of resource-friendly multimodal architectures that make vision-augmented 
GNNs broadly usable, enabling their application to large-scale datasets and real-world domains beyond link 
prediction. 

[1] Open Your Eyes: Vision Enhances Message Passing Neural Networks in Link Prediction 
https://arxiv.org/pdf/2505.08266  ​
[2] Which Modality should I use - Text, Motif, or Image? : Understanding Graphs with Large Language 
Models https://arxiv.org/pdf/2311.09862 ​
[3] GITA: Graph to Visual and Textual Integration for Vision-Language Graph Reasoning 
https://arxiv.org/pdf/2402.02130  

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), την Αγγελική 
Δημητρίου (e-mail: angelikidim at ails.ece.ntua.gr) και τον Νίκο Χάιδο (e-mail: nchaidos at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/pdf/2505.08266
https://arxiv.org/pdf/2311.09862
https://arxiv.org/pdf/2402.02130


 

Beyond Message Passing: Integrating Structural Similarity into 
Molecular GNNs 
 
Διπλωματική Εργασία 11 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks 
Research 

 
Περιγραφή  
 

Graph Neural Networks have become indispensable tools in molecular science, powering advances in drug 
discovery and materials design. However, their success is primarily built on the message-passing paradigm, 
which, while effective, operates on individual graphs in isolation. This approach overlooks a concept 
fundamental to all chemical reasoning: structural similarity. Standard GNNs lack an intrinsic mechanism to 
compare molecular graphs or their substructures, a limitation that prevents them from leveraging the rich, 
relational knowledge inherent in chemical space. This thesis will address this gap by designing a new class 
of GNN architectures that integrate structural similarity directly into the learning process, creating models 
that reason more like human chemists. The core of this work is to develop hybrid modules that augment 
message passing by utilizing learnable neural metrics and/or deterministic methods like Graph Edit 
Distance (GED), using the resulting similarity scores on molecular subgraphs to guide information flow. This 
research is oriented towards fundamental discovery, aiming to produce novel, similarity-aware GNNs for 
property prediction tasks on established molecular benchmarks (e.g., MUTAG, PROTEINS). 

[1] Structure Your Data: Towards Semantic Graph Counterfactuals https://arxiv.org/abs/2403.06514  
[2] SCENIR: Visual Semantic Clarity through Unsupervised Scene Graph Retrieval 
https://arxiv.org/abs/2505.15867  
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), την Αγγελική 
Δημητρίου (e-mail: angelikidim at ails.ece.ntua.gr) και τον Νίκο Χάιδο (e-mail: nchaidos at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/abs/2403.06514
https://arxiv.org/abs/2505.15867


 

Probing Multimodality: A Diagnostic Analysis of Graph-Language 
Models 
 
Διπλωματική Εργασία 12 

 
Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks / Multimodal 
Research 

 
Περιγραφή  
 

While Graph-Language Models (GLMs) promise to fuse the structural reasoning of graphs with the semantic 
power of language, it remains an open question whether both modalities are contributing meaningfully to 
the final prediction. Building on foundational work that revealed unimodal baselines can match the 
performance of complex GLMs, this thesis will conduct a rigorous analysis to determine which modality a 
model is truly "listening to." The project will employ a two-pronged strategy: white-box analysis and 
black-box perturbation. First, using white-box access, we will examine the model's internal activation 
patterns, such as self and cross-attention weights, to quantify the influence of graph and text inputs on its 
reasoning process under different scenarios. Second, we will use a black-box approach, systematically 
injecting noise and adversarial perturbations into one modality while leaving the other intact to measure the 
resulting impact on output stability. This research aims to move beyond performance metrics to provide a 
deeper, causal understanding of information fusion in GLMs, establishing a clear methodology for 
diagnosing and ultimately improving their multimodal reasoning capabilities. 

[1] A Graph Talks, But Who's Listening? Rethinking Evaluations for Graph-Language Models 
https://arxiv.org/abs/2508.20583  

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), τον Νίκο Χάιδο 
(e-mail: nchaidos at ails.ece.ntua.gr), τη Μαρία Λυμπεραίου (e-mail: marialymp at ails.ece.ntua.gr) και την 
Αγγελική Δημητρίου (e-mail: angelikidim at ails.ece.ntua.gr). 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2508.20583
http://ails.ece.ntua.gr


 

Hierarchical and Contrastive LLM-Guided Graph Representation 
Learning 
 
Διπλωματική Εργασία 13 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Graph Neural Networks / Multimodal 
Research 

 
Περιγραφή  
 

Graph neural networks (GNNs) have achieved strong performance on text-attributed graphs, but they often 
struggle to fully leverage rich semantic information embedded in textual node attributes. Recent work, such 
as the LLM-to-LM interpreter [1], demonstrates that explanations generated by LLMs can enhance graph 
representations, yet existing approaches primarily integrate explanations at the node level, ignoring broader 
structural context. This diploma thesis proposes to advance this line of research by introducing hierarchical 
explanation aggregation and explanation-guided contrastive learning with counterfactuals. At multiple 
levels—node, neighborhood, and subgraph—the model will integrate LLM explanations into GNN 
embeddings, capturing both local and global structural patterns. Simultaneously, counterfactual and 
canonical explanations will be used to construct contrastive learning objectives, aligning embeddings of 
semantically similar nodes while separating nodes with divergent or counterfactual explanations, improving 
robustness and representation quality. The contribution of this work is a novel, explanation-aware graph 
representation framework that leverages multi-scale explanations and contrastive reasoning to enhance 
predictive performance, interpretability, and generalization across tasks such as node classification, link 
prediction, and graph-level prediction, with applications to domains including citation networks, social 
networks, and molecular graphs. 

[1] Harnessing Explanations: LLM-to-LM Interpreter for Enhanced Text-Attributed Graph Representation 
Learning https://arxiv.org/pdf/2305.19523  

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr) και την Αγγελική 
Δημητρίου (e-mail: angelikidim at ails.ece.ntua.gr). 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/pdf/2305.19523


 

A Formal Ontology for Music Harmonic Progressions: Semantic 
Annotation and Automated Analysis of Chord Sequences 
Διπλωματική Εργασία 14 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
 
Τύπος Εργασίας 

Διαθέσιμη 
Music Information Retrieval / Knowledge 
Representations 
Research 

 
Περιγραφή  
 
Harmonic progressions form the structural foundation of Western music, encoding compositional patterns, 
stylistic conventions, and theoretical relationships that have evolved across centuries and genres. While 
existing approaches to chord sequence analysis often treat progressions as simple symbolic strings, they 
fail to capture the rich theoretical knowledge that musicologists use to understand harmonic function, voice 
leading, and stylistic context. This diploma thesis will explore methods for creating comprehensive 
semantic representations of harmonic progressions that bridge traditional music theory with knowledge 
representation technologies and symbolic AI approaches. 

The student will investigate how to formally model chord progressions, capturing both surface-level chord 
symbols and deeper theoretical concepts such as functional relationships, voice leading principles, and 
modulation patterns. The project requires solid understanding of music theory including functional 
harmony, voice leading, and stylistic characteristics across different musical periods and genres. This 
theoretical foundation will allow the student to develop semantically meaningful representations and 
computational methods for harmonic analysis, pattern detection, and cross-stylistic comparison of chord 
sequences. 

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, Knowledge Representations, μουσική αρμονία. Για περισσότερες 
πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr) και τον 
Σπύρο Κανταρέλη (spyroskanta@ails.ece.ntua.gr) 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174


 

Mechanistic Unlearning: Locating and Erasing Information in 
Large Language Models 
 
Διπλωματική Εργασία 15 

 
Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language Models / Interpretability 
Research 

 
Περιγραφή 
 

With the widespread adoption of Large Language Models (LLMs), the issues of user privacy and 
copyright infringement have become a major concern. As LLMs are often trained on vast amounts of data, 
and sometimes fine-tuned on user interactions, it has become important to investigate whether they can 
memorize and later recall sensitive or protected information, such as bomb-making instructions, personal 
email addresses, or the entirety of a copyright-protected novel.  

Machine Unlearning (MU) addresses this issue by attempting to remove specific information from a 
model, such as an LLM, without retraining it from scratch, while preserving as much of the remaining 
knowledge as possible. [1] There are many simple but effective approaches that leverage Gradient Ascent 
to push the LLM away from generating the sensitive information, but they have drawn scrutiny on whether 
they truly erase the information from the LLM, or simply suppress its outputs with the information still hidden 
in the LLM's internal representations. [2] 

On the other hand, Mechanistic Interpretability (MI) is an emerging field that attempts to 
systematically uncover the learned behaviors and information of Deep Learning models. [3] Although it has 
been mostly used to illucidate how LLMs and other deep models "think", MI techniques can also localize 
specific circuits or features that encode targeted information and seem promising in the task of MU, having 
already seen some adoption. [4] 

In this diploma thesis we will explore this link by first surveying MI techniques for locating stored 
information in LLMs, and then adapting and applying them to the task of MU. Our goal is to assess whether 
MI-driven approaches can deliver more reliable unlearning than current suppression-based methods. 
 

 
[1] “A Comprehensive Survey of Machine Unlearning Techniques for Large Language Models”, Jiahui Geng 
et al. https://arxiv.org/abs/2503.01854 
[2] “SoK: Machine Unlearning for Large Language Models”, Jie Ren et al. https://arxiv.org/abs/2506.09227 
[3] “A Practical Review of Mechanistic Interpretability for Transformer-Based Language Models”, Daking Rai 
et al. https://arxiv.org/abs/2407.02646 
[4] “Mechanistic Unlearning: Robust Knowledge Unlearning and Editing via Mechanistic Localization”, Phillip 
Guo et al. https://arxiv.org/abs/2410.12949 
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, καλές γνώσεις γραμμικής άλγεβρας, τεχνολογίες και βιβλιοθήκες 
για transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, 
e-mail: thanosv at mail.ntua.gr), τον Ιάσονα Λιάρτη (jliartis at ails.ece.ntua.gr), τον Ορφέα 
Μενή-Μαστρομιχαλάκη (menorf at ails.ece.ntua.gr) και τον Γιώργο Φιλανδριανό (geofila at ails.ece.ntua.gr).

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/abs/2503.01854
https://arxiv.org/abs/2506.09227
https://arxiv.org/abs/2407.02646
https://arxiv.org/abs/2410.12949


 

Go witheFlow… but, first, evaluate  
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Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
 
Τύπος Εργασίας 

Διαθέσιμη 
Human Computer Interaction / Music 
Information Retrieval 
Survey / Research  

 
Περιγραφή 
 
 

Evaluating generative and interactive AI systems in live musical contexts presents unique challenges due to 
their non-deterministic outputs, context-dependent behaviors, and co-creative nature involving performers 
and audiences. Traditional evaluation metrics often fail to capture the complexity of real-time music 
systems that respond to physiological signals and emotional states. This diploma thesis will design and 
validate a comprehensive evaluation framework for bio-responsive music systems, using witheFlow—an 
emotion-aware system that processes live audio through effect channels driven by valence-arousal 
inference and biosignals (https://witheflow.ails.ece.ntua.gr/) —as a case study [1]. 

The student will review existing literature on evaluating interactive systems and human-computer 
interaction in various contexts, identifying gaps specific to co-creative scenarios. The project will involve 
developing multi-layered evaluation methodologies that assess system performance from technical, 
performer, and audience perspectives, incorporating both objective measurements and subjective 
assessments. The student must demonstrate understanding of music performance practices, human 
factors in musical interaction, and statistical analysis methods. This interdisciplinary foundation will enable 
the development of robust evaluation protocols that can inform the design and assessment of future 
bio-responsive music technologies. 

 
[1] “Go witheFlow: Real-time Emotion Driven Audio Effects Modulation”, Edmund Dervakos, Spyridon 
Kantarelis, Vassilis Lyberatos, Jason Liartis and Giorgos Stamou, NeurIPS 2025 Creative AI Track. 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εξοικείωση με μουσικούς όρους. Για περισσότερες πληροφορίες 
επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr), τον Σπύρο 
Κανταρέλη (spyroskanta@ails.ece.ntua.gr), τον Βασίλη Λυμπεράτο (vaslyb@ails.ece.ntua.gr) και τον Έντι 
Ντερβάκο (eddiedervakos@islab.ntua.gr).  
 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://witheflow.ails.ece.ntua.gr/
http://mail.ntua.gr
mailto:spyroskanta@ails.ece.ntua.gr
mailto:vaslyb@ails.ece.ntua.gr
mailto:eddiedervakos@islab.ntua.gr


 

Circuits Behind the Sentiment: Interpretability of FinBERT on 
Financial News 
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Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Large Language Models / Interpretability 
Research 

 
Περιγραφή 
 
Pretrained language models have achieved remarkable performance in financial sentiment analysis, with 
domain-adapted variants such as FinBERT [1] becoming a de facto standard for classifying the polarity of 
financial news. Yet despite their accuracy, these models remain largely opaque, making it difficult to 
understand why a particular article is classified as positive, negative, or neutral. In high-stakes financial 
contexts, such opacity hinders trust and leaves models vulnerable to adversarial attacks. 
 
There have been many efforts in understanding masked language models like BERT. Tools such as BertViz1 
have enabled attention visualization, while some studies have shown that internal layers capture rich 
syntactic and semantic features [2]. Recent advances in Mechanistic Interpretability go further by 
discovering learned concepts in transformer neurons. Techniques such as activation patching [3] have 
revealed circuits underlying specific behaviors in autoregressive LLMs, and early adaptations to BERT 
demonstrate their potential for encoder models [4]. 
 
In this diploma thesis, we will explore how we can adapt and leverage these tools to shed light on how 
FinBERT assigns labels to news articles. We will examine the concepts learned by attention heads or MLP 
neurons and how they influence FinBERT's decisions. We will examine spurious correlations, faulty learned 
concepts and see if they can be leveraged to create adversarial examples that fool FinBERT. 

 
[1] “FinBERT: Financial sentiment analysis with pre-trained language models.”, Dogu Araci 
https://arxiv.org/abs/1908.10063 
[2] “A primer in BERTology: What we know about how BERT works”, Anna Rogers et al. 
https://doi.org/10.1162/tacl_a_00349 
[3] “How to use and interpret activation patching”, Stefan Heimersheim and Neel Nanda 
https://arxiv.org/abs/2404.15255 
[4] “Transformer Feed-Forward Layers Are Key-Value Memories”, Mor Geva et al. 
https://arxiv.org/abs/2012.14913 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, καλές γνώσεις γραμμικής άλγεβρας, τεχνολογίες και βιβλιοθήκες 
για transformers. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, 
e-mail: thanosv at mail.ntua.gr), τον Ιάσονα Λιάρτη (jliartis at ails.ece.ntua.gr), τον Ορφέα 
Μενή-Μαστρομιχαλάκη (menorf at ails.ece.ntua.gr) και τον Γιώργο Φιλανδριανό (geofila at ails.ece.ntua.gr). 

1 https://github.com/jessevig/bertviz 
 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/abs/1908.10063
https://doi.org/10.1162/tacl_a_00349
https://arxiv.org/abs/2404.15255
https://arxiv.org/abs/2012.14913
http://ails.ece.ntua.gr


 

Multi-agent Causal Graph Discovery 
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Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
Causality, MAS 
Research 

 
Περιγραφή 
 
Causal discovery is central to scientific reasoning, yet existing methods rely heavily on statistical tests or 
optimization techniques, which often lack interpretability and struggle with noisy or high-dimensional data. 
This thesis proposes a novel approach to Causal Graph Discovery via Multi-Agent LLMs: Instead of treating 
causal discovery as a purely statistical problem, we frame it as a debate among specialized LLM agents, 
where each agent contributes a distinct reasoning style: hypothesis generation, skeptical adversarial 
critique, moderation, and domain expertise. Agents interact through natural language dialogue, producing 
both traceable reasoning logs and updates to a candidate causal graph. Experimentation regards both 
synthetic and real datasets spanning areas such as biology, economics and medicine, with multi-agent 
setups competing against established algorithms for causal discovery, neural approaches (GraN-DAG, 
DAG-GNN) and single-LLM implementations. 
 
Other from the basic framework, a key extension is the integration of interventions to reduce uncertainty: 
once a tentative graph is formed, agents recommend targeted interventions that maximally reduce 
structural ambiguity. Further, the framework explores emergent specialization, where agents adapt to 
complementary roles (statistical reasoning, commonsense priors, domain knowledge). Finally, the 
interaction is cast in a game-theoretic lens, where agents strategically argue for or against edges, seeking 
equilibrium in causal claims. 
 
[1] Liu et al (2024). Large Language Models and Causal Inference in Collaboration: A Survey 
https://arxiv.org/abs/2403.09606  
[2] Wan et al (2025). Large Language Models for Causal Discovery: Current Landscape and Future 
Directions https://www.ijcai.org/proceedings/2025/1186.pdf  
[3] Duong Le et al (2024). Multi-Agent Causal Discovery Using Large Language Models 
https://arxiv.org/abs/2407.15073  
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες transformers, θεωρία γράφων, LLM prompting. Για 
περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at 
mail.ntua.gr) και τη Μαρία Λυμπεραίου (e-mail: marialymp@ails.ece.ntua.gr), τον Γ. Φιλανδριανό (e-mail: geofila 
at ails.ece.ntua.gr) και Κ. Θωμά (email: kthomas at ails.ece.ntua.gr). 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
https://arxiv.org/abs/2403.09606
https://www.ijcai.org/proceedings/2025/1186.pdf
https://arxiv.org/abs/2407.15073
http://mail.ntua.gr
mailto:marialymp@ails.ece.ntua.gr


 

Multi-World Redefinition and Conflicting Logic in LLMs 
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Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
LLM reasoning 
Research 

 
Περιγραφή 
 
Large Language Models (LLMs) are trained on canonical knowledge, such as 𝜋=3.14159, gravity constant g 
= 9.8 m/s², or standard Boolean truth tables. However, real-world reasoning often requires entertaining 
counterfactual or conflicting world models, such as “What if 𝜋=10” or “What if AND behaved like OR?”. This 
thesis explores the ability of LLMs to maintain multi-world reasoning, where constants, units, or logic tables 
differ across contexts, and to consistently propagate redefinitions without contamination between worlds. 
Probing such reasoning abilities showcases discrepancies between model and human reasoning pathways, 
while also questioning established scaling laws that promise better performance when using larger models. 
 
The thesis will focus on two central themes: (1) Knowledge Conflicts & Multi-World Reasoning, where LLMs 
must solve parallel tasks under conflicting world definitions, a topic not explored in prior work, and (2) 
Redefinition in Logic & Mathematics, where axioms and truth tables are altered and applied in reasoning 
chains, extending previous work in redefinition task [1]. Data and redefinitions on world constants and units 
of measure will be drawn from prior work, and in a similar way, redefinitions over mathematics (logic and 
geometry) will be crafted by the student. Experiments on a variety of LLMs on different scales will complete 
existing research evidence on inverse scaling laws, where larger models -surprisingly- tend to increasingly 
fail on redefined world facts.  
 
[1] Elena Stringli, Maria Lymperaiou, Giorgos Filandrianos, Athanasios Voulodimos, Giorgos Stamou. Pitfalls 
of Scale: Investigating the Inverse Task of Redefinition in Large Language Models. ACL 2025 
https://aclanthology.org/2025.findings-acl.492/  
[2] Wu et al. Reasoning or Reciting? Exploring the Capabilities and Limitations of Language Models Through 
Counterfactual Tasks. NAACL 2024 https://aclanthology.org/2024.naacl-long.102/  
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες transformers, LLM prompting. Για περισσότερες 
πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr) και τη 
Μαρία Λυμπεραίου (e-mail: marialymp@ails.ece.ntua.gr). 

 
 

 

https://www.ece.ntua.gr/gr/staff/492
https://aclanthology.org/2025.findings-acl.492/
https://aclanthology.org/2024.naacl-long.102/
http://mail.ntua.gr
mailto:marialymp@ails.ece.ntua.gr


 

Investigating the Inverse Task of Redefinition in Multi-agent LLM 
systems 
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Επιβλέπων Αθανάσιος Βουλόδημος 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
LLM reasoning, MAS 
Research 

 
Περιγραφή 
 
Previous work on factual redefinitions for LLMs [1] has demonstrated some impressive findings on LLM 
abilities, with larger LLMs collapsing when reasoning over counterfactual scenarios. While redefinition 
disabilities are shown to be inherent to current LLMs, and as collaboration between LLM agents is on the 
rise, a natural research question is whether redefinition findings persist in multi-agent LLM settings.  
In this thesis, we exploit redefinitions and counterfactual setups crafted in previous works [1, 2] and prompt 
LLMs to solve them in collaboration. Then, we experiment on the stability of findings by injecting a 
malicious agent which attempts to derail the reasoning paths that have been developed during agent 
conversation. Overall, this thesis targets to extract novel findings regarding inverse scaling laws in 
multi-agent LLM systems, a research query that remains open so far. 
 
[1] Elena Stringli, Maria Lymperaiou, Giorgos Filandrianos, Athanasios Voulodimos, Giorgos Stamou. Pitfalls 
of Scale: Investigating the Inverse Task of Redefinition in Large Language Models. ACL 2025 
https://aclanthology.org/2025.findings-acl.492/  
[2] Wu et al. Reasoning or Reciting? Exploring the Capabilities and Limitations of Language Models Through 
Counterfactual Tasks. NAACL 2024 https://aclanthology.org/2024.naacl-long.102/  
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες transformers, LLM prompting. Για περισσότερες 
πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr) και τη 
Μαρία Λυμπεραίου (e-mail: marialymp@ails.ece.ntua.gr), τον Γ. Φιλανδριανό (e-mail: geofila at ails.ece.ntua.gr) 
και Κ. Θωμά (email: kthomas at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://aclanthology.org/2025.findings-acl.492/
https://aclanthology.org/2024.naacl-long.102/
http://mail.ntua.gr
mailto:marialymp@ails.ece.ntua.gr


 

Inverse Scaling in Structured Logical Reasoning of LLMs 
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Επιβλέπων Αθανάσιος Βουλόδημος / Γιώργος Στάμου 

Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
LLM reasoning 
Research 

 
Περιγραφή 
 
LLMs show remarkable capabilities in many reasoning tasks, yet recent work on inverse scaling 
demonstrates that bigger models are not always better: as model size increases, performance can 
paradoxically drop on certain logical or counter-intuitive tasks. LogicBench [1] has systematically evaluated 
LLMs on Propositional Logic, First-Order Logic, and Non-Monotonic Reasoning, providing an important 
baseline. However, many structured reasoning phenomena—such as nested negation, quantifier scope, 
transitive inference, counterfactual chains, irrelevant premises and semantic traps—remain underexplored, 
especially under the lens of inverse scaling. Some indicative examples of the logical problems to be studied 
in this thesis: 

●​ Distraction via negation: The following are multiple choice questions (with answers) about common 
sense. A beagle is not a type of ___? A. dog B. pigeon Answer: classes [“ A”, “ B”] 

●​ Double negation: “It is not true that John is not tall.” → “John is tall.” 
●​ Quantifiers: “Everyone in the room is taller than Alice.” vs. “Someone in the room is taller than Alice.” 
●​ Transitive inference: A > B, B > C, therefore A > C (test on larger chains). Also mixed chains e.g. A → 

B, B → C, Not C → Not A and contrapositive deductions e.g. P → Q, then ¬Q → ¬P.  
●​ Conjunction fallacy: Judge probability of “A and B” > “A 
●​ Commonsense vs logic rules: what if we assign to an imposed rule e.g. if P then Q world knowledge 

facts that contradict this logical statement? (Same can be of course applied to other logical rules) 
In this thesis, the goal is to design tasks probing classical logical inferences (modus tollens, contrapositive 
reasoning, syllogisms), nested negation, multi-step transitive inference, quantifier logic, and counterfactual 
chains, and identify whether inverse scaling laws persist. Include tasks testing lexical overlap biases, 
paraphrased premises, and conjunction/base rate fallacies. Regarding existing data, LogicBench, 
ProofWriter, RuleTaker, NeQa,  and other synthetic reasoning datasets will provide a starting point. For tasks 
not covered in existing datasets (nested negation, multi-step transitive inference, counterfactual chains), we 
will generate synthetic logical problems with controlled structures (Programmatic generation using Python). 
Main parameters to be studied are the number of variables, chain length, number of negations, branching 
factor for transitive relations, and scope ambiguity. 
 
[1] Parmar et al (2024). LogicBench: Towards Systematic Evaluation of Logical Reasoning Ability 
of Large Language Models. ACL 2024  https://aclanthology.org/2024.acl-long.739.pdf  
[2] McKenzie et al (2024). Inverse Scaling: When Bigger Isn’t Better https://arxiv.org/pdf/2306.09479  
[3] Varshney et al (2024). Can NLP Models Correctly Reason Over Contexts that Break the Common 
Assumptions? https://arxiv.org/pdf/2305.12096  
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες transformers, LLM prompting, εξοικείωση με 
προβλήματα λογικής. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr) και τη Μαρία Λυμπεραίου (e-mail: marialymp@ails.ece.ntua.gr). 
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Περιγραφή 
 
LLMs have demonstrated remarkable reasoning capabilities, yet they often fail in tasks that require 
non-standard or counterfactual reasoning, such as when physical constants or logical rules are redefined. 
This failure is particularly pronounced in inverse scaling scenarios, where larger models paradoxically 
perform worse than smaller ones. While prior work has explored redefinition tasks and inverse scaling 
behavior, the internal mechanisms driving these failures remain largely unexplored. This thesis aims at 
understanding how LLMs internally encode canonical knowledge and respond to redefined rules in 
open-source LLMs. In essence, we are going to identify which neurons, attention heads, or subnetworks are 
responsible for canonical knowledge (e.g., standard constants, logical rules), determine whether failures in 
inverse scaling tasks arise from rigid memorized circuits, misaligned attention, or emergent conflicts 
between competing knowledge and examine whether new subnetworks or emergent “redefinition 
specialists” form to handle alternative rules. 
 
Regarding data, we experiment with redefined constants and units of measure [1], or probably other 
constrained redefinitions (e.g. boolean algebra) that are easy to be formed automatically. To investigate 
how LLMs internally respond to redefinition tasks, we will employ a combination of neuron-level, 
attention-level, and circuit-level analyses. First, neuron and attention head activation analysis will track 
which components are most sensitive to canonical versus redefined inputs. Next, causal mediation analysis 
(CMA) will involve intervening on hypothesized “rule neurons” to assess their impact on output adherence 
to redefined rules. Circuit comparison will examine feedforward paths and attention patterns between 
standard and redefined reasoning, highlighting structural shifts. Finally, emergent subnetwork detection will 
identify subnetworks specialized for handling alternative rules, revealing how the model internally 
adapts—or fails to adapt—to non-standard reasoning tasks. 
 
[1] Elena Stringli, Maria Lymperaiou, Giorgos Filandrianos, Athanasios Voulodimos, Giorgos Stamou. Pitfalls 
of Scale: Investigating the Inverse Task of Redefinition in Large Language Models. ACL 2025 
https://aclanthology.org/2025.findings-acl.492/  
[2] On the Biology of a Large Language Model  
 https://transformer-circuits.pub/2025/attribution-graphs/biology.html  
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες transformers, LLM prompting. Για περισσότερες 
πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr) και τη 
Μαρία Λυμπεραίου (e-mail: marialymp@ails.ece.ntua.gr). 
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This thesis aims to investigate advanced methodologies for image super-resolution with a particular focus 
on diffusion models. Diffusion models have recently demonstrated remarkable performance in high-quality 
image synthesis, positioning them as a promising framework for resolution enhancement tasks. 

The thesis will be structured in two main phases. First, a comprehensive review of the current bibliography 
will be conducted to gain a deeper understanding of state-of-the-art methods for image super-resolution. In 
the second phase, the thesis will focus on the development, adaptation, or reconfiguration of advanced 
architectures, with the objective of improving reconstruction quality, efficiency, and robustness in 
super-resolution applications. Experimental evaluation and comparative analysis with existing methods will 
form an integral part of the research. 

Overall, this thesis offers the opportunity to engage with a rapidly evolving research domain at the 
intersection of computer vision and generative modeling, with potential applications in scientific imaging, 
healthcare, and visual media. 

 

[1] Zongsheng Yue, Kang Liao, Chen Change Loy. Arbitrary-steps Image Super-resolution via Diffusion 
Inversion. CVPR 2025​

https://arxiv.org/abs/2412.09013 

[2] Jonathan Ho, Ajay Jain, Pieter Abbeel. Denoising Diffusion Probabilistic Models.​
https://arxiv.org/abs/2006.11239 

[3] Brian B. Moser, Arundhati S. Shanbhag, Federico Raue, Stanislav Frolov, Sebastian Palacio, Andreas 
Dengel. Arbitrary-steps Image Super-resolution via Diffusion Inversion.​
https://arxiv.org/abs/2401.00736 

 

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr) και τον Β. 
Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr). 
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Diffusion models, known for their capacity to model complex and high-dimensional distributions, have 
demonstrated exceptional performance in various tasks such as image synthesis, inpainting, and style 
transfer. However, the challenge of applying these models to fine-grained image editing tasks that require 
intricate, localized modifications, remains a significant hurdle.   

To address this challenge, this thesis aims to systematically study existing diffusion-based methods for 
image editing and explore ways to extend their capabilities. It will provide an in-depth analysis of current 
diffusion model approaches, evaluating their performance in handling detailed and nuanced editing tasks. 
The research will focus on identifying the strengths and limitations of these models in contexts such as 
precise object manipulation, detailed texture adjustments, and complex style transformations.  

 

[1] Omri Avrahami, Or Patashnik, Ohad Fried, Egor Nemchinov, Kfir Aberman, Dani Lischinski, Daniel 
Cohen-Or. Stable Flow: Vital Layers for Training-Free Image Editing. CVPR 2025.​

https://arxiv.org/abs/2411.14430 

[2] Jonathan Ho, Ajay Jain, Pieter Abbeel. Denoising Diffusion Probabilistic Models.​
https://arxiv.org/abs/2006.11239 

[3] Yi Huang, Jiancheng Huang, Yifan Liu, Mingfu Yan, Jiaxi Lv, Jianzhuang Liu, Wei Xiong, He Zhang, 
Liangliang Cao, Shifeng Chen. Diffusion Model-Based Image Editing: A Survey.​
https://arxiv.org/abs/2402.17525 

 

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr) και τον Β. 
Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr). 
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This thesis aims to explore methods for generating 3D facial animations directly from speech, with a 
particular emphasis on capturing and conveying emotional content. The research lies at the intersection of 
machine learning, digital signal processing, and computer graphics, seeking to bridge the gap between 
verbal expression and expressive facial movement.  

The thesis will begin with a comprehensive study of current approaches to speech-driven facial animation, 
examining how acoustic features such as tone, pitch, and rhythm are mapped to lip, jaw, and facial muscle 
movements.  

After identifying limitations in conveying emotional depth, the work will focus on integrating emotion 
recognition from speech signals to enrich the generated animations. By incorporating emotional cues, the 
resulting animations will not only achieve accurate synchronization with speech but also reflect nuanced 
expressions, leading to more natural, dynamic, and engaging virtual characters. 

 

[1] Balamurugan Thambiraja, Sadegh Aliakbarian, Darren Cosker, Justus Thies. 3DiFACE: Diffusion-based 
Speech-driven 3D Facial Animation and Editing.​

https://arxiv.org/abs/2312.00870 

[2] Jonathan Ho, Ajay Jain, Pieter Abbeel. Denoising Diffusion Probabilistic Models.​
https://arxiv.org/abs/2006.11239 

[3] Shivangi Aneja, Justus Thies, Angela Dai, Matthias Nießner. FaceTalk: Audio-Driven Motion Diffusion for 
Neural Parametric Head Models.​
https://arxiv.org/abs/2312.08459 

 

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr) και τον Β. 
Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr). 
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Generative modeling concerns learning models that map one probability distribution to another and then 
sampling from the learned map. Classic score-based approaches rely on stochastic differential equations 
(SDEs) to define the transport, but this choice often proves suboptimal in practice, introducing significant 
overhead during both training and sampling. Recent work has shifted toward ordinary differential equation 
(ODE) formulations and alternative distribution couplings, notably flow matching, Schrödinger bridge 
matching, and transition matching, which have been central to progress over the past two years. This 
diploma thesis will undertake a focused study of how these techniques work and implement them in 
generative applications with the aim of improving efficiency and performance. The specific downstream task 
remains open for discussion and may include image generation, super-resolution, image editing, model 
distillation or style transfer. 

[1] Zhicong Tang, Tiankai Hang, Shuyang Gu, Dong Chen, Baining Guo. Simplified Diffusion Schrödinger 
Bridge.​
https://arxiv.org/abs/2403.14623 

[2] Bo-Kyeong Kim, Hyoung-Kyu Song, Thibault Castells, Shinkook Choi. BK-SDM: A Lightweight, Fast, and 
Cheap Version of Stable Diffusion.​
https://arxiv.org/pdf/2305.15798 

[3] Michael S. Albergo, Nicholas M. Boffi, Eric Vanden-Eijnden. Stochastic Interpolants: A Unifying Framework 
for Flows and Diffusions.​
https://arxiv.org/abs/2303.08797 

[4] Neta Shaul, Uriel Singer, Itai Gat, Yaron Lipman. Transition Matching: Scalable and Flexible Generative 
Modeling.​
 https://arxiv.org/abs/2506.23589 

 

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Ν. Σπανό (e-mail: nspanos at ails.ece.ntua.gr, τον Η. 
Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr) και τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr). 
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Developing autonomous agents capable of interacting with terminal environments is a key step toward the 
integration of LLMs into real-world scenarios. Unlike traditional approaches, this thesis focuses on 
multi-agent architectures, where different agents collaborate by splitting roles (e.g., strategy planning, 
command execution, evaluation, optimization) to solve complex problems. 

A central feature of the system under study will be generalization across heterogeneous data types. The 
proposed framework will not be restricted to a single benchmark or dataset, but instead will be able to: 

●​ Process diverse data sources, such as images, CSV files, logs, or other structured/unstructured 
information. 

●​ Identify the nature of the task (e.g., data analysis, classification, visual recognition, file 
transformation). 

●​ Autonomously decide on the most appropriate strategy and action pipeline to address the given 
problem. 

●​ Employ advanced reasoning and step-by-step analysis techniques, with self-correction and iterative 
refinement during execution. 

Evaluation will cover a wide range of tasks, from simple command-line operations to complex multi-step 
scenarios involving multimodal data. As part of this, existing benchmarks that measure agent capabilities in 
realistic terminal settings, such as Terminal-Bench, which provides metrics like Task Resolution Rate, may 
be used as examples of assessment environments. 

The goal of the thesis is to design and evaluate a flexible and autonomous multi-agent system, capable of 
adapting to various problem types and data modalities, while surpassing the limitations of a single LLM. 

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Γ. Φιλανδριανό (e-mail: geofila at ails.ece.ntua.gr), την Μ. 
Λυμπεραίου (e-mail: marialymp at ails.ece.ntua.gr) και Κ. Θωμά (email: kthomas at ails.ece.ntua.gr). 
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Few-shot object detection (FSOD) aims to detect novel categories using only a handful of labeled examples 
per class, enabling rapid adaptation when data collection is costly or slow (e.g., medical or industrial 
settings). Vision State Space Models (VSSMs) such as VMamba bring state-space sequence modeling to 
images instead of quadratic self-attention, they use selective state updates and 2D scans to capture 
long-range dependencies with near-linear complexity, often yielding strong global modeling at lower 
compute. 
This thesis investigates the application of Visual State Space Models (VMamba) to few-shot object 
detection. The central hypothesis is that VMamba’s efficient long-range modeling and structured 
representations can improve both sample efficiency and computational efficiency in FSOD compared to 
transformer-based and CNN-based approaches. The research will adapt VMamba as a backbone (and 
potentially a detection head) within few-shot detection frameworks, evaluate its performance across 
standard FSOD benchmarks (COCO-FS, PASCAL VOC-FS, LVIS-FS), and benchmark against strong 
baselines such as TFA, Meta-DETR, and RT-DETR. Additionally, the thesis will investigate novel 
approaches to the established model to further enhance its robustness. 
Through this investigation, the work aims to provide a systematic study of VSSMs in few-shot detection, 
offering insights into their advantages, limitations, and potential extensions for broader low-data computer 
vision tasks. 

[1] Yue Liu, Yunjie Tian, Yuzhong Zhao, Hongtian Yu, Lingxi Xie, Yaowei Wang, Qixiang Ye, Jianbin Jiao, 
Yunfan Liu. VMamba: Visual State Space Model. ​
https://arxiv.org/abs/2401.10166  

[2] Zhimeng Xin, Shiming Chen, Tianxu Wu, Yuanjie Shao, Weiping Ding, Xinge You. Few-Shot Object Detection: 
Research Advances and Challenges.​
https://arxiv.org/abs/2404.04799  

[3] Fei Xie, Weijia Zhang, Zhongdao Wang, Chao Ma. QuadMamba: Learning Quadtree-based Selective Scan 
for Visual State Space Model.​
https://arxiv.org/abs/2410.06806  

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr) και τον 
Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr).  
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Open-vocabulary vision–language models (VLMs) couple image features with text embeddings so they can 
recognize and localize categories described in natural language, beyond any fixed label set. This thesis will 
study how well such models generalize across tasks (zero/few-shot classification, phrase grounding, 
open-vocabulary detection) and domains (e.g., driving, aerial, biomedical) under realistic distribution shift, 
with minimal extra supervision. A central contribution will be a reproducible evaluation framework covering 
datasets/splits, prompt and phrase variants, localization quality, and calibration/robustness metrics to reveal 
strengths, weaknesses, and failure modes. 
 
Building on that evidence, the thesis will propose broadly applicable, model-agnostic improvements that 
enhance alignment, reliability, and data efficiency without heavy retraining. This diploma thesis aims to 
develop an evaluation toolkit, a comparative empirical study across domains, and validated methods that 
improve open-vocabulary VLMs’ performance in unseen settings. 

[1] Chaoyang Zhu, Long Chen. A Survey on Open-Vocabulary Detection and Segmentation: Past, Present, 
and Future. ​
https://arxiv.org/abs/2307.09220  

[2] Tianhe Ren, Qing Jiang, Shilong Liu, Zhaoyang Zeng, Wenlong Liu, Han Gao, Hongjie Huang, Zhengyu Ma, 
Xiaoke Jiang, Yihao Chen, Yuda Xiong, Hao Zhang, Feng Li, Peijun Tang, Kent Yu, Lei Zhang. Grounding DINO 
1.5: Advance the "Edge" of Open-Set Object Detection.​
https://arxiv.org/abs/2405.10300  

[3] Oriane Siméoni, Huy V. Vo, Maximilian Seitzer, Federico Baldassarre, Maxime Oquab, Cijo Jose, Vasil 
Khalidov, Marc Szafraniec, Seungeun Yi, Michaël Ramamonjisoa, Francisco Massa, Daniel Haziza, Luca 
Wehrstedt, Jianyuan Wang, Timothée Darcet, Théo Moutakanni, Leonel Sentana, Claire Roberts, Andrea 
Vedaldi, Jamie Tolan, John Brandt, Camille Couprie, Julien Mairal, Hervé Jégou, Patrick Labatut, Piotr 
Bojanowski. DINOv3.​
https://arxiv.org/abs/2508.10104  

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr) και τον 
Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr). 
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Monocular depth estimation (MDE) has recently leapt forward thanks to “foundation” models trained at scale 
(e.g., Depth Anything V2, diffusion-based Marigold, UniDepth for cross-domain metric depth, and 
Metric3D-v2), yet these systems still struggle with sharp geometry, planar consistency, and robustness 
under domain shift. This project proposes to inject surface normal priors into such models, via multi-task 
heads, normal-depth consistency losses, and lightweight normal-aware refinement adapters, to enhance 
edge fidelity and improve generalization on out-of-distribution (OOD) data while preserving efficiency. 
 
The thesis will (i) systematically benchmark normal-guided training and adapter designs atop strong 
baselines (DAv2, Marigold, UniDepth, Metric3D-v2), (ii) quantify gains in zero-shot/OOD settings with 
standard depth and normal metrics, and (iii) analyze how inductive biases from recent surface-normal 
research (e.g., DSINE) and plane-aware formulations (e.g., NDDepth) translate to better, more stable depth 
predictions. 
 

[1] Lihe Yang, Bingyi Kang, Zilong Huang, Zhen Zhao, Xiaogang Xu, Jiashi Feng, Hengshuang Zhao. Depth 
Anything V2. ​
https://arxiv.org/abs/2406.09414   

[2] Bingxin Ke, Anton Obukhov, Shengyu Huang, Nando Metzger, Rodrigo Caye Daudt, Konrad Schindler. 
Repurposing Diffusion-Based Image Generators for Monocular Depth Estimation.​
https://arxiv.org/abs/2312.02145  

[3] Gwangbin Bae, Andrew J. Davison. Rethinking Inductive Biases for Surface Normal Estimation.​
https://arxiv.org/abs/2403.00712  

[4] Shuwei Shao, Zhongcai Pei, Weihai Chen, Xingming Wu, Zhengguo Li. NDDepth: Normal-Distance 
Assisted Monocular Depth Estimation.​
https://arxiv.org/abs/2309.10592  

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr) και τον 
Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr). 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2406.09414
https://arxiv.org/abs/2312.02145
https://arxiv.org/abs/2403.00712
https://arxiv.org/abs/2309.10592
http://ails.ece.ntua.gr
http://ails.ece.ntua.gr
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Διαθέσιμη 
AI for Computer Vision 
Research 

 
Visual in-context learning (VICL) involves having a model learn a new visual concept at test time by reading 
from an extremely small support set of labeled image instances directly placed in its input “context,” and 
predicting new label outputs for new “query” image instances without updating model weights. This 
constraint is most critical when data are scarce, privacy-concerned, or rapidly changing across domains, 
and showcases to what extent a frozen vision or vision-language model can benefit from examples rather 
than being retrained on them. 
 
Contemporary VICL systems typically combine: (1) Retrieval & composition, selecting a compact set of 
support images most relevant to the query and placing them (with their short textual rationales) into a 
demonstration sequence for an LVLM (VICL-type pipelines), (2) Training-free prototype/kNN heads, building 
non-parametric feature caches (Tip-/Proto-Adapter, kNN-CLIP) over frozen embeddings to propagate labels 
without gradients, and (3) Calibration, post-hoc mechanisms (e.g., conformal prediction) that fuse scores 
from the LVLM and the cache, provide calibrated confidence. 
 
This diploma will conduct a systematic analysis and benchmarking of visual in-context learning techniques, 
complemented by new contributions that overcome their current limitations. 

[1] Yucheng Zhou, Xiang Li, Qianning Wang, Jianbing Shen. Visual In-Context Learning for Large 
Vision-Language Models. ​
https://arxiv.org/abs/2402.11574  

[2] Yuanhan Zhang, Kaiyang Zhou, Ziwei Liu. What Makes Good Examples for Visual In-Context Learning?.​
https://arxiv.org/abs/2301.13670  

[3] Zhongrui Gui, Shuyang Sun, Runjia Li, Jianhao Yuan, Zhaochong An, Karsten Roth, Ameya Prabhu, Philip 
Torr. kNN-CLIP: Retrieval Enables Training-Free Segmentation on Continually Expanding Large Vocabularies.​
https://arxiv.org/abs/2404.09447  

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr), τη 
Μαρία Λυμπεραίου (marialymp@ails.ntua.gr) και τον Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr). 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2402.11574
https://arxiv.org/abs/2301.13670
https://arxiv.org/abs/2404.09447
http://ails.ece.ntua.gr
http://ails.ece.ntua.gr
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Status 
Περιοχή 
Τύπος Εργασίας 

Διαθέσιμη 
AI for Computer Vision 
Research 

 
Story Visualization takes a multi-sentence story and generates an image sequence, remaining faithful to the 
text and consistently applying its style across characters, scenes, and settings. The issue stands at the 
intersection of text understanding and generative models, and core challenges involve preserving identity 
and spatial contiguity while dealing with advancing events and discourse markers. 
 
This thesis will examine and formulate story visualization through lessons from recent constraint-sensitive 
benchmarks and diffusion-based models. It will initially present an exhaustive and reproducible comparison 
of exemplary methods on standard datasets, along with faithfulness/consistency measures. Secondly, it will 
investigate the design space for better narrative alignment and temporal coherence, investigating varied 
conditioning schemes, sequence modeling choices, and explicit narrative constraint importance, resulting in 
optimized methodologies and practical recommendations for better story visualization systems' 
construction. 

[1] Silin Gao, Sheryl Mathew, Li Mi, Sepideh Mamooler, Mengjie Zhao, Hiromi Wakaki, Yuki Mitsufuji, Syrielle 
Montariol, Antoine Bosselut. VinaBench: Benchmark for Faithful and Consistent Visual Narratives. ​
https://arxiv.org/abs/2503.20871  

[2] Sixiao Zheng, Yanwei Fu. ContextualStory: Consistent Visual Storytelling with Spatially-Enhanced and 
Storyline Context.​
https://arxiv.org/abs/2407.09774v2  

[3] Xichen Pan, Pengda Qin, Yuhong Li, Hui Xue, Wenhu Chen. Synthesizing Coherent Story with 
Auto-Regressive Latent Diffusion Models.​
https://arxiv.org/abs/2211.10950  

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr), τη 
Μαρία Λυμπεραίου (marialymp@ails.ntua.gr) και τον Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr). 
 

 

https://www.ece.ntua.gr/gr/staff/492
https://arxiv.org/abs/2503.20871
https://arxiv.org/abs/2407.09774v2
https://arxiv.org/abs/2211.10950
http://ails.ece.ntua.gr
http://ails.ece.ntua.gr
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Status 
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Τύπος Εργασίας 

 
Διαθέσιμη 
Large Language-Vision Models, MAS 
Research 

  

 
Περιγραφή 
  
Disease trajectory prediction is one of the most challenging tasks in computational health, testing models’ 
ability to capture temporal dependencies, multimodal interactions, and population-specific disease patterns. 
Recent progress has been marked by the development of generative transformer models, which achieve 
strong predictive performance but raise concerns regarding generalization. In particular, underrepresented 
populations often exhibit epidemiological and lifestyle characteristics not sufficiently reflected in large 
biobanks, exposing a gap in domain adaptation – which is the focus of the current diploma thesis. In this 
thesis, we will experiment with a range of health datasets including European registries, Greek EHRs, and 
ICD-10–based longitudinal data, targeting domain generalization. We will benchmark related transformer 
architectures under different adaptation settings, while systematically applying prompting-based techniques 
to evaluate their effect on robustness. The final objective is to propose a methodological framework that 
enables generative transformers to deliver clinically actionable predictions across diverse populations. 

[1] Shmatko, A., Jung, A.W., Gaurav, K. et al. Learning the natural history of human disease with generative 
transformers. Nature (2025). https://doi.org/10.1038/s41586-025-09529-3 

[2] F.Lübeck,J. Wildberger,F. Träuble et al., Adaptable Cardiovascular Disease Risk Prediction from Heterogeneous Data 
using Large Language Models (2025), https://arxiv.org/abs/2505.24655  

[3]. J. Wang,C. Lan, C. Liu, et al, ‘Generalizing to Unseen Domains: A Survey on Domain Generalization, (2022) 
https://arxiv.org/abs/2103.03097 

[4] https://github.com/gerstung-lab 
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνολογίες και βιβλιοθήκες για transformers,  τεχνικές 
prompting. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr) και την Π. Τζούβελη (τηλ.  210-7723037, e-mail: tpar at mail.ntua.gr). 
 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/413
https://doi.org/10.1038/s41586-025-09529-3
https://arxiv.org/abs/2505.24655
https://arxiv.org/abs/2103.03097
https://github.com/gerstung-lab/Delphi
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Research 

  

Περιγραφή  

Healthcare AI models often exhibit systematic bias, leading to reduced accuracy for underrepresented 
groups such as women, minorities, or older patients. This issue got worse by widely used datasets such as 
the UK Biobank, which overrepresent healthier and less diverse populations. The goal of this thesis is to 
systematically investigate bias and inequality in generative transformer-based models for disease trajectory 
prediction, and to evaluate strategies for measuring and mitigating these disparities. The fairness-aware 
machine learning techniques, including sample reweighting, adversarial debiasing, and group calibration will 
be explored to ensure predictive consistency across sensitive attributes such as gender and age. 
Furthermore, prompting strategies will be developed and tested, such as counterfactual prompting (“What if 
the same patient were female instead of male?”), debiasing prompts (“Ensure predictions remain calibrated 
across gender and age groups”), and self-consistency prompting, where the model is queried multiple times 
with paraphrased instructions to identify disparities in responses. 

By combining fairness constraints and prompting, the thesis will contribute to a more equitable use of 
generative models in healthcare, addressing one of the most pressing open challenges in AI for medicine: 
reducing bias while maintaining predictive performance. 

 

[1]. Shmatko, A., Jung, A.W., Gaurav, K. et al. Learning the natural history of human disease with generative 
transformers. Nature (2025). https://doi.org/10.1038/s41586-025-09529-3 

[2].G. Hu, D. Kollias, E. Papadopoulou, P. Tzouveli, J. Wei and X. Yang, Rethinking Affect Analysis: A Protocol for 
Ensuring Fairness and Consistency, IEEE Transactions on Biometrics, Behavior, and Identity Science (2025)  
https://doi.org/10.1109/TBIOM.2025.3550000 

[3]. https://github.com/gerstung-lab 

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνολογίες και βιβλιοθήκες για transformers,  τεχνικές 
prompting. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr) και την Π. Τζούβελη (τηλ.  210-7723037, e-mail: tpar at mail.ntua.gr). 
 
 
 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/413
https://doi.org/10.1038/s41586-025-09529-3
https://doi.org/10.1109/TBIOM.2025.3550000
https://github.com/gerstung-lab/Delphi
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Περιγραφή  

Recent framework [1] has demonstrated the potential of generative transformers to learn the natural history 
of human disease, enabling predictive modeling of long-term health trajectories from large-scale electronic 
health records. While these models achieve state-of-the-art accuracy in anticipating disease progression, 
their clinical utility is limited by the lack of transparent reasoning. Healthcare professionals require 
interpretable explanations that not only justify predictions but also align with established medical knowledge 
and decision-making processes. Without robust explainability, the integration of generative transformers into 
real-world clinical practice remains a significant challenge. 

This thesis will explore explainability techniques for disease trajectory prediction [1]. Advanced prompting 
strategies—such as chain-of-thought prompting to elicit stepwise reasoning, contrastive prompts to highlight 
alternative outcomes, and summarization prompts to produce concise clinical narratives—will be tested as 
lightweight, model-agnostic interventions. These will be complemented by post-hoc explainable AI 
approaches, including saliency mapping, SHAP, and counterfactual reasoning, to assess the fidelity of 
explanations relative to the model’s internal reasoning. The ultimate goal is to develop and evaluate a 
methodological framework that produces accurate, faithful, and clinically useful explanations, thereby 
enhancing trust and enabling safe deployment of generative models across diverse healthcare populations. 

[1] .Shmatko, A., Jung, A.W., Gaurav, K. et al. Learning the natural history of human disease with generative 
transformers. Nature (2025). https://doi.org/10.1038/s41586-025-09529-3 

[2]. Renc, P., Jia, Y., Samir, A.E. et al. Zero shot health trajectory prediction using transformer. npj Digit. Med. 7, 256 
(2024). https://doi.org/10.1038/s41746-024-01235-0 

[3].  Yu, P.; Xu, H.; Hu, X.; Deng, C. Leveraging Generative AI and Large Language Models: A Comprehensive Roadmap 
for Healthcare Integration. Healthcare (2023). https://doi.org/10.3390/healthcare11202776 

[4] https://github.com/gerstung-lab 
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, τεχνολογίες και βιβλιοθήκες για transformers,  τεχνικές 
prompting. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: 
thanosv at mail.ntua.gr) και την Π. Τζούβελη (τηλ.  210-7723037, e-mail: tpar at mail.ntua.gr). 
 

 

 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/413
https://doi.org/10.1038/s41586-025-09529-3
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Περιγραφή  
 

The rise of AI-generated music has introduced the potential for unintentional replication of existing 
melodies. This thesis investigates a pairwise AI model designed to detect plagiarism by systematically 
comparing segments of AI-generated music with official sound recordings. The proposed approach 
encodes both AI outputs and reference recordings into a shared embedding space using models such as 
CLMR or MERT. Pairwise similarity metrics are then employed to identify melodic or structural overlaps at 
the segment level. The study aims to develop a prototype system capable of highlighting potential 
instances of plagiarism, thereby providing a foundation for more robust copyright compliance in 
AI-generated music.  

The central research question guiding this work is: RQ: How can a pairwise AI model effectively detect 
melodic or structural plagiarism in AIgenerated music by comparing it to existing recordings? 

 
Απαιτούμενες/επιθυμητές γνώσεις: Python, μοντέλα μηχανικής μάθησης, εξοικείωση με μουσικούς όρους. Για 
περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at 
mail.ntua.gr), τον Βασίλη Λυμπεράτο (vaslyb@ails.ece.ntua.gr) και τον Σπύρο Κανταρέλη 
(spyroskanta@ails.ece.ntua.gr). 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
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Περιγραφή  
 

The music industry thrives on collaborations between artists and songwriters, yet the mechanisms driving 
the emergence of new partnerships remain largely unexplored from a datadriven perspective. This thesis 
focuses on building an artificial intelligence model capable of predicting future collaborations within the 
music industry, based on the structure and dynamics of a temporal collaboration graph. In this graph, nodes 
represent two types of entities—artists and writers—while edges denote instances of collaboration at 
specific points in time. By leveraging concepts from link prediction, node similarity, and temporal graph 
analysis, the study aims to uncover patterns that can forecast whether a new collaboration is likely to occur 
within a defined timeframe. The project involves the construction of a temporal bipartite graph from 
realworld collaboration data, the extraction of meaningful features and the application of graph neural 
network (GNN) architectures adapted for dynamic graphs.  

The central research question guiding this work is: RQ: How can we predict the future connections of 
artists/ writers based on the characteristics of a collaboration graph? 

 

 
Απαιτούμενες/επιθυμητές γνώσεις: Python, εισαγωγική θεωρία γράφων, εξοικείωση με μουσικούς όρους. Για 
περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at 
mail.ntua.gr), τον Βασίλη Λυμπεράτο (vaslyb@ails.ece.ntua.gr) και τον Σπύρο Κανταρέλη 
(spyroskanta@ails.ece.ntua.gr). 
 
 
 
 
 
 
 
 
 

https://www.ece.ntua.gr/gr/staff/492
https://www.ece.ntua.gr/gr/staff/174
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Research 

 
Περιγραφή  
 

Artist similarity plays a crucial role in organizing, understanding, and facilitating discovery within large 
music collections. This thesis investigates an AI model that measures artist similarity by leveraging graph 
neural networks (GNNs). The model integrates both the topology of artist connections and content-based 
features to embed artists into a vector space where proximity reflects similarity. By capturing these 
relational and feature-based patterns, the system aims to quantify artist similarity accurately and provide 
meaningful recommendations for listeners, enabling the discovery of new or related artists.  

The central research question guiding this work is: RQ: Can we measure and recommend similar artists 
based on graph structure and content features with GNN? 

 
Απαιτούμενες/επιθυμητές γνώσεις: Python, μοντέλα μηχανικής μάθησης, εξοικείωση με μουσικούς όρους. Για 
περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at 
mail.ntua.gr), τον Βασίλη Λυμπεράτο (vaslyb@ails.ece.ntua.gr) και τον Σπύρο Κανταρέλη 
(spyroskanta@ails.ece.ntua.gr). 
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This diploma thesis advances the study of physics-informed representation learning by examining its 
applicability to the analysis of seismic precursor signals. In seismological research, numerous studies have 
reported subtle variations in the lithosphere, atmosphere, ionosphere, and magnetosphere preceding large 
seismic events. Nonetheless, seismic precursors remain a subject of scientific debate, as their existence 
has not been universally established and reported anomalies are frequently masked by confounding 
influences, including solar activity and meteorological variability. The objective of the thesis is to investigate 
whether multimodal data fusion, when constrained by physics-informed priors, can improve the 
identification and characterization of potential precursor patterns within heterogeneous observational 
datasets. Rather than approaching the problem exclusively from a statistical learning perspective, the 
proposed framework incorporates established geophysical principles in order to construct latent 
representations that are both robust and physically interpretable. The intended contribution lies in 
demonstrating how physics-informed constraints can act as a regularizing mechanism, enhancing the 
disentanglement of pre-seismic geophysical variability from variability arising from other environmental 
factors that are irrelevant to seismic event. The thesis aims to underscore the potential of integrating 
physical insights with machine learning techniques to advance the study of rare, complex, and high-impact 
natural phenomena. 

[1] Raissi, M., Perdikaris, P. and Karniadakis, G.E., 2019. Physics-informed neural networks: A deep learning 
framework for solving forward and inverse problems involving nonlinear partial differential equations. Journal 
of Computational physics, 378, pp.686-707. 

[2] Wang, Z., Keller, R., Deng, X., Hoshino, K., Tanaka, T. and Nakahira, Y., 2024, March. Physics-informed 
representation and learning: Control and risk quantification. In Proceedings of the AAAI Conference on 
Artificial Intelligence (Vol. 38, No. 19, pp. 21699-21707). 

[3] Hu, Y., Zhang, Q., Zhu, H., Wang, B., Xiong, H. and Wang, H., 2025. Scalable intermediate-term earthquake 
forecasting with multimodal fusion neural networks. Scientific Reports, 15(1), p.9748. 

[4] Mousavi, S.M., Sheng, Y., Zhu, W. and Beroza, G.C., 2019. STanford EArthquake Dataset (STEAD): A global data 
set of seismic signals for AI. IEEE Access, 7, pp.179464-179476. 

[5] Khalid, Z., Shah, M., Riaz, S., Ghaffar, B. and Jamjareegulgarn, P., 2024. Atmospheric precursors associated with 
two Mw> 6.0 earthquakes using machine learning methods. Natural Hazards, 120(8), pp.7871-7895. 

[6] Akyol, A.A., Arikan, O. and Arikan, F., 2020. A machine learning-based detection of earthquake precursors using 
ionospheric data. Radio Science, 55(11), pp.1-21. 

Απαιτούμενες/επιθυμητές γνώσεις: Python, μοντέλα μηχανικής μάθησης, επεξεργασία σήματος. Για 
περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at 
mail.ntua.gr) και τη Μαρία Κασελίμη (mkaselimi at noa.gr). 
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Διαθέσιμη 
Graph Neural Networks 
Survey 

 
Περιγραφή 
 
Graph Neural Networks (GNNs) have emerged as a powerful paradigm for learning representations of 
graph-structured data, finding applications in diverse domains such as social networks, recommendation 
systems, and bioinformatics. Their ability to capture complex relationships among entities in graphs has led 
to significant advancements in tasks like node classification, link prediction, and graph classification. 
However, despite their effectiveness, GNNs are not immune to challenges, particularly when confronted 
with noisy or adversarial data. Understanding the robustness of GNNs, especially in critical tasks like node 
classification, is essential for ensuring their reliability and applicability in real-world scenarios. 
 
Node classification, a fundamental task in graph analysis, involves predicting the class labels of nodes 
based on their attributes and the topology of the graph. The performance of GNNs on node classification 
tasks has been extensively studied across various datasets and scenarios. While GNNs often exhibit 
impressive performance in ideal conditions, their vulnerability to perturbations in graph structure or node 
features raises concerns about their robustness in practical settings. Adversarial attacks targeting GNNs 
have demonstrated the potential vulnerabilities of these models, highlighting the need for 
robustness-enhancing techniques to mitigate such threats. This literature review aims to offer a critical 
analysis of existing studies, elucidating the challenges, methodologies, and findings surrounding the 
robustness of Graph Neural Networks in node classification tasks. The main focus will be the different 
types of adversarial attacks/perturbations, their impact on existing GNNs, and proposed techniques 
designed to make GNNs robust. 
 
Example papers: 
[1]https://www.semanticscholar.org/paper/FocusedCleaner%3A-Sanitizing-Poisoned-Graphs-for-Node-Zhu-
Tong/e01f18b468b8e4c3634b1ef3ca5faca019c3ee2c  
[2]https://www.semanticscholar.org/paper/Robust-Node-Classification-on-Graphs%3A-Jointly-from-Zhuang-
Hasan/0e8edb00c2e822bddccba8fc34c662ce19d6133d  
[3]https://www.semanticscholar.org/paper/RoboGNN%3A-Robustifying-Node-Classification-under-Guan-Ma
/548dfca32d996da0934a3b3e924d818c1fcbcd18  
 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python, θεωρητικό υπόβαθρο και μεθοδολογίες για γράφους, εξοικείωση 
με pytorch και PyG. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, 
e-mail: thanosv at mail.ntua.gr), τον Νίκο Χάιδο (e-mail: nchaidos at ails.ece.ntua.gr), την Αγγελική Δημητρίου 
(e-mail: angelikidim at ails.ece.ntua.gr). 
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This research will focus on the architecture of AlphaFold to better understand the contribution of its 
individual modules to protein structure prediction. The work begins with a literature review and setup of the 
open-source AlphaFold framework, followed by a detailed mapping of the Evoformer, template embeddings 
and structure module. Baseline experiments will be run on small benchmark proteins, after which ablation 
studies will systematically remove or modify modules such as Evoformer depth, and attention heads. 
Further experiments will test alternative mechanisms (e.g., linearized attention, reduced recycling) to 
analyze accuracy–efficiency trade-offs. The project concludes with a synthesis of findings on which 
components are most critical for AlphaFold’s predictive power, providing insights into model simplification 
and future architectural improvements. 

[1] Senior, A.W., Evans, R., Jumper, J. et al. Improved protein structure prediction using potentials from deep learning. 
Nature 577, 706–710 (2020), https://doi.org/10.1038/s41586-019-1923-7  

[2] Abramson, J., Adler, J., Dunger, J. et al. Accurate structure prediction of biomolecular interactions with AlphaFold 3. 
Nature 630, 493–500 (2024), https://doi.org/10.1038/s41586-024-07487-w 

[3] GitHub - google-deepmind/alphafold3: AlphaFold 3 inference pipeline. 

[4] Open source code for AlphaFold 2. 

 
 
Απαιτούμενες/επιθυμητές γνώσεις: Python,  τεχνολογίες και βιβλιοθήκες για transformers. Για περισσότερες 
πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  210-7722280, e-mail: thanosv at mail.ntua.gr) και την 
Π. Τζούβελη (τηλ.  210-7723037, e-mail: tpar at mail.ntua.gr). 
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Domain generalization (DG) seeks to train models that perform robustly on unseen target domains by 
mitigating the effects of distributional shift. While most DG approaches emphasize architectural innovations, 
invariance learning, or data augmentation, relatively less attention has been given to how predictive 
uncertainty can be leveraged as a guiding signal throughout the DG pipeline. Uncertainty estimates, 
epistemic and aleatoric, can shape sample reweighting, regularization, style augmentation, and selective 
prediction, providing not only robustness but also interpretability in high-stakes settings such as medical 
imaging and autonomous systems. This thesis explores the emerging field of uncertainty-guided domain 
generalization, with two main contributions: (i) a structured survey of methods that explicitly integrate 
uncertainty into data-level, model-level, and decision-level components of DG, and (ii) an extended 
evaluation of the examined methods. By positioning uncertainty as a first-class principle in DG, the thesis 
aims to highlight both the potential and the limitations of current approaches, and to chart directions for 
uncertainty-aware generalization. 

[1] Qiao, F., Zhao, L., Peng, X. Learning to Learn Single Domain Generalization. 
https://arxiv.org/abs/2003.13216  

[2] Zheyuan Zhang, Bin Wang and Debesh Jha, Ugur Demir, Ulas Bagci. Domain Generalization with Correlated 
Style Uncertainty.​
https://arxiv.org/abs/2212.09950  

[3] Jindong Wang, Cuiling Lan, Chang Liu, Yidong Ouyang, Tao Qin, Wang Lu, Yiqiang Chen, Wenjun Zeng, 
Philip S. Yu. Generalizing to Unseen Domains: A Survey on Domain Generalization.​
https://arxiv.org/abs/2103.03097  

[4] Yoav Wald, Amir Feder, Daniel Greenfeld, Uri Shalit. On Calibration and Out-of-domain Generalization.​
https://arxiv.org/abs/2102.10395  

 

Απαιτούμενες/επιθυμητές γνώσεις: Python, βιβλιοθήκες μηχανικής μάθησης, και εξοικείωση με τεχνολογίες 
εκμάθησης νευρωνικών δικτύων. Για περισσότερες πληροφορίες επικοινωνήστε με τον A. Βουλόδημο (τηλ.  
210-7722280, e-mail: thanosv at mail.ntua.gr), τον Β. Καραμπίνη (e-mail: vkarampinis at ails.ece.ntua.gr) και τον 
Η. Μήτσουρα (e-mail: iliasmits at ails.ece.ntua.gr).  
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