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FOREWARD

We are pleased to announce the fourth edition of the Artificial Intelligence conference. It
represents the aspirations of numerous researchers in Serbia working in the field of
artificial intelligence to establish a gathering with a primarily research-oriented focus,
under the auspices of the Serbian Academy of Sciences and Arts (SASA), Serbia's
most prestigious scientific institution.

The conference aims to bring together researchers from various branches of artificial
intelligence from Serbia and abroad to showcase their work and findings. Artificial
intelligence is not only a highly popular field today but also a vast one. Consequently,
the topics of interest at this conference are numerous and diverse.

In addition to emphasizing its research character, this conference is distinguished by
several key features:

e A dedicated focus exclusively on the field of artificial intelligence

e Encouragement of discussions on the fundamental aspects of artificial
intelligence

e Special attention to emerging topics in artificial intelligence

e Integration of techniques and results from different subfields of artificial
intelligence

e Gathering a significant number of Serbian researchers in the field, including both
experienced and emerging talents

We have received a total of 72 submissions to the conference from leading universities
and institutions in Serbia and abroad, covering a wide range of topics in artificial
intelligence. Out of these, 47 were selected for presentation. Each abstract underwent
review by at least two Reviewers or members of the Program Committee, with some



requiring a second revision before acceptance. The conference program consists of two
keynote lectures and 10 sessions devided into 2 parallel streams containing the
presentations of accepted contributed talks.

Artificial intelligence, with its profound influence on modern society, necessitates
ongoing study and a systematic analytical approach. This conference was conceived
with precisely that objective — to facilitate the exchange of research ideas and
experiences within this vast and complex field.

The conference organizers are particularly committed to fostering opportunities for
young and promising researchers. Through presentations and discussions, these
individuals will have the chance to share their work, gain valuable feedback from
esteemed experts, and build connections with future collaborators. We believe that
fostering this interaction between generations is essential for the sustained
advancement of artificial intelligence research in Serbia.

The organizers of this conference edition, representing three institutions — the Serbian
Academy of Sciences and Arts, the Mathematical Institute of the Serbian Academy of
Sciences and Arts, and the Academy Committee for Artificial Intelligence of SASA —
firmly believe in the importance of artificial intelligence for the future of various activities
in our country. We are confident that research and innovation in this field will contribute
to economic development, improvements in health and education, and the opening of
new horizons in science, art, and other areas of life. We are convinced that through joint
efforts, we can influence the trajectory of this significant field while advancing
knowledge, creativity, and innovation.

Sincerely,

Conference Co-chairs

Vladan Devedzi¢, SASA, Belgrade, and Faculty of Organizational Sciences, University
of Belgrade

Miodrag Mihaljevi¢, SASA, Belgrade, and Mathematical Institute, SASA, Belgrade
Dusan Teodorovi¢, SASA, Belgrade

Belgrade, October 2026
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The Impact of Duplicate Data on Federated Learning: An
Overlooked Issue in Data Quality and Privacy-Preserving
Governance

Speaker:

Wei Shao, Associate Research Professor, Shandong Computer Science Center (National
Supercomputing Jinan Center), Qilu University of Technology (Shandong Academy of
Sciences), China

E-mail: shaow@sdas.org

Abstract. Federated learning enables collaborative model training across diverse clients without
directly sharing raw data, and has become an important paradigm for privacy-preserving data
collaboration in real-world applications. However, most existing research focuses on model
optimization and secure aggregation, while the quality of data before training has received much
less attention.

In real-world scenarios, cross-client data redundancy and overlaps are prevalent due to cross-
platform synchronization or repeated user registration. Such data redundancy is far from a
negligible preprocessing issue and can induce systematic drawbacks to federated learning
pipelines. This talk will first discuss how duplicate data affects federated learning in terms of
training efficiency and model effectiveness, and then further present our series of privacy-
preserving decentralized deduplication solutions for different privacy and efficiency
requirements. These methods enable secure cross-client redundancy detection while preserving
data locality, and provide a practical basis for privacy-aware data quality governance before
training, thereby enhancing the performance of federated learning.

Biography:_Dr. Wei Shao currently works as an associate research professor at Shandong
Computer Science Center (National Supercomputer Center in
Jinan), Qilu University of Technology (Shandong

Academy of Sciences) in China. She leads and participates in
multiple national and provincial research projects including the
National Key R&D Programs, and the National Natural Science
Foundation projects. She has published 20+ high-impact papers in
top international journals and conferences, and possesses 10+
national invention patents. Her research focuses on applied
cryptography, blockchain security, privacy-preserving digital identity
and trustworthy federated learning. She has proposed multiple
innovative schemes including user-controlled anonymous digital
identities, auditable  revocable  permissioned blockchain
mechanisms, and blockchain-based privacy-preserving federated
learning frameworks..




Synergies Between Machine Learning and Metaheuristics:
New Frontiers in Combinatorial Optimization

Speaker:
Raka Jovanovié, Mathematical Institute of the Serbian Academy of Sciences and Arts
E-mail: rjovanovic@mi.sanu.ac.rs

Abstract: Combinatorial optimization problems are central to many scientific and engineering
disciplines, yet their NP-hard nature often renders exact solution methods impractical.
Metaheuristics have long provided effective approximate solutions, while recent advances in
machine learning have opened new opportunities to enhance and transform optimization
methodologies.

In this talk, | will explore the synergies between these two fields. Machine learning can guide
metaheuristic search by learning problem structures and predicting promising solution regions,
while metaheuristics can optimize hyperparameters and neural architectures in machine
learning pipelines. Through case studies from my research — including graph neural networks
for combinatorial problems, predictive models for constructive heuristics, and hybrid approaches
in electric vehicle charging, smart agriculture, and logistics — 1 will illustrate how these
synergies can lead to more efficient and adaptable optimization frameworks. | will also discuss
open challenges and future research directions at the intersection of learning and optimization.

Biography: Dr. Raka Jovanovi¢ (born 1978, Belgrade, Serbia) has recently joined the
Mathematical Institute of the Serbian Academy of Sciences and Arts as a Senior Research
Associate. He completed his undergraduate, Master's (2007), and Doctoral (2012) studies at the
Faculty of Mathematics, University of Belgrade, under the
supervision of Prof. Dr. Milan Tuba. His career includes
positions at the Institute of Physics, University of Belgrade
(2007-2022) and as a researcher at Texas A&M University at
Qatar (2009-2011). Since 2013, he has been based in Qatar, at
the Qatar Environment and Energy Research Institute (QEERI),
part of Hamad Bin Khalifa University in Doha, Qatar where he
teaches at the postgraduate level and leads research projects.
His primary research directions include the development of
novel metaheuristic methods for hard combinatorial optimization
problems, mathematical modeling and optimization of real-world
systems in energy and transportation, and the application of
machine learning techniques to complex predictive and
decision-making tasks. He has authored over 100 scientific
papers published in prestigious international journals and
conference proceedings. He is a recipient of best paper awards, serves as a regular reviewer
for top international journals, and maintains extensive collaborations with institutions in
Germany, the United Kingdom, the Netherlands, and others.
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The Dual Role of Al in Human Societies

Ljiljana Brankovic™*and Olga Timcenko®

Artificial Intelligence (Al) is moving into all areas of our lives and promises to make our existence longer,
healthier, easier, and more enjoyable. We already rely on Al to manage our schedules, take notes in
meetings, write reports, give us easier access to information, predict future needs, solve hundreds-year-
old mathematical problems such as the Navier-Stokes equation, and even cure us by creating
personalized cancer vaccines, to name a few. Importantly, Al promises to take on much of our current
tasks, so we have more time for our families, hobbies, physical activities, and leisure time.

At the same time, Al is beginning to show its negative side. What once sounded like a dystopian movie is
now starting to feel much closer to home. It is easy to imagine a future with a high unemployment rate
where people are not expected to make any cognitive effort so they are slowly losing their skills and
cognitive abilities, anxiety-inducing constant surveillance, life-and-death decisions made by Al, and
profound differences between those with substantial access to Al time and those without it.

We focus on cognitive offloading and attrition of creativity and critical thinking, erosion of autonomy,
misplaced responsibilities, and coping in an Al-driven world.

Cognitive offloading and attrition of creativity and critical thinking. Outsourcing cognitive tasks to Al
can, over time, lead to a decline in our cognitive skills, including critical thinking and creativity. A 2025
study by Michael Gerlich (Gerlich, M. 2025) on 666 UK residents with diverse age and educational
backgrounds shows a strong correlation between the frequent use of Al tools and cognitive offloading,
and a strong negative correlation between the frequent use of Al tools and critical thinking score, as well
as cognitive offloading and critical thinking score. It was also noted that younger respondents were more
likely to frequently use Al tools, and showed higher cognitive offloading and lower critical thinking scores
tan older participants.

Erosion of autonomy. The attrition of critical thinking and creativity can lead to dependence on Al for
everyday tasks and a decline in our capacity to make decisions and stay in charge. This refers both to
individuals and to government departments, companies, and organisations. Examples of decisions made
by Al are many: from selecting the next song to play or next movie to watch, matching profiles on a dating
app, to medical or legal advice. Krook (2025) argues that human autonomy will continue to erode,
together with the capacity for critical thinking, decision-making, and social care, and that “the biggest
threat to humanity is therefore not that machines will become more like humans, but that humans will
become more like machines”.

Misplaced responsibilities. Delegating responsibility for making consequential decisions to Al not only
impacts human autonomy but also raises another important question: who is responsible when things go
wrong? In the traditional setting, it is always a human who takes responsibility, rather than a tool. In the
case of Al, the situation is becoming less clear as both tools and actions are increasingly a collaborative
effort of humans and Al. Kang et al. (2025) identify Al related accountability collapse as one of the four
main harms of total delegation to Al. A recent study on users’ perceptions on accountability in Al-assisted
work () reveals that 66% of respondents believed that humans working on the task are responsible if
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there is an error, 19% believed that responsibility is shared between humas and Al, 11% believed that the
responsibility is with Al and 3% thought that the developers of Al are responsible.

Coping in an Al-driven world. Coping refers to strategies to manage various stressors and adapt to a
dynamic environment. While Al can assist coping by facilitating mental health tracking, therapeutic
conversations, and guiding reflection, it can also have a detrimental effect by simplifying complex
emotions, bringing about dependence on technology, and creating additional stress by hyper-monitoring
(Chirayath et al., 2025).

In this paper, we explore the dual role of Al in future human societies and suggest ways to navigate this
challenge. In its own right, Al is neither good nor bad — its goodness is determined by the way we use and
govern it.

Keywords: trust in Al, cognitive offloading, attrition of critical thinking, erosion of autonomy, coping
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Comparing Al Incident Databases: Challenges in Classification and
Interoperability

Maja llict

The rapid development and widespread adoption of artificial intelligence (Al) systems have introduced
significant opportunities for innovation across numerous sectors, while simultaneously creating new
categories of risk, failures, and harmful consequences. As Al systems become increasingly integrated into
decision-making processes that affect individuals, organizations, and society, the systematic identification,
classification, and analysis of Al-related incidents have become essential for understanding their potential
impacts and improving governance mechanisms. In this context, databases of Al incidents and
corresponding taxonomies represent important tools for documenting real-world failures, monitoring
emerging risks, and supporting the development of regulatory and risk management frameworks.

This topic presents a comparative analysis of major international Al incident databases and their
associated taxonomies, with a particular focus on the classification of risks, harms, and incidents arising
from the deployment of Al systems. The study examines the four prominent initiatives: MIT Al Risk
Repository, the Al Incident Database (AlID), the OECD Al Incident and Hazards Monitor (AIM), and the Al,
Algorithmic and Automation Incidents and Controversies (AIAAIC) repository. For each database, the
research analyzes its purpose, methodology for collecting and organizing data, incident reporting criteria,
and the taxonomic structures used to categorize risks and harms. Particular attention is devoted to
understanding how these initiatives conceptualize Al incidents, distinguish between different forms of
harm, and support the systematic analysis of failures associated with artificial intelligence technologies.

The analysis demonstrates that although all examined databases share the objective of improving
understanding of Al-related risks, they differ significantly in their methodological approaches, definitions,
and classification frameworks. The MIT Al Risk Repository focuses on mapping and categorizing Al risks
through general and domain-specific taxonomies, emphasizing dimensions such as intent, responsible
entities, timing of occurrence, and risk domains. AlID concentrates on documenting real-world incidents
and near-miss events while utilizing detailed harm taxonomies that distinguish between tangible and
intangible harms. The OECD AIM framework emphasizes the identification of Al incidents and hazards
through large-scale monitoring of global news sources and provides a structured reporting framework
designed to support decision-making and governance. In contrast, AIAAIC adopts a user- and victim-
centered perspective, focusing on the external consequences of Al systems and highlighting ethical,
social, legal, and organizational dimensions of harm.

The findings indicate that no single taxonomy provides a complete representation of all dimensions
associated with Al incidents. Instead, each database offers a distinct analytical perspective that
contributes to a broader understanding of Al risks. The comparative analysis highlights the strengths and
limitations of existing classification approaches and demonstrates the importance of combining technical,
ethical, social, and governance-oriented perspectives when evaluating Al-related incidents. Furthermore,
the study emphasizes the need for greater standardization and interoperability among incident reporting
frameworks in order to improve comparability, facilitate knowledge sharing, and support evidence-based
policymaking.
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It can be concluded that Al incident databases and taxonomies play a crucial role in advancing the
responsible development and deployment of artificial intelligence systems. By enabling the systematic
documentation and analysis of failures, harms, and emerging risks, these initiatives contribute to
improved transparency, accountability, and risk management practices. As Al technologies continue to
evolve and expand into critical domains, the development of comprehensive and harmonized
classification frameworks will become increasingly important for ensuring the safe, ethical, and
trustworthy use of artificial intelligence.

Keywords: Al incident database, Al incidents, classification, taxonomies
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Patient Privacy in Healthcare Al Partnerships: The DeepMind Case Revisited

Sara Kabié¢', Jovana Dedeié’, Mladen Nikoli¢®, Sana Stojanovié¢ Purdevic’

The integration of artificial intelligence into healthcare has opened significant possibilities for improving
medical diagnosis and patient care. On the other hand, it has also introduced serious challenges in terms
of patient privacy, informed consent, and the accountability of those who collect and use health data
(Moulaei et al., 2025). These challenges have become particularly visible in collaborations between public
health institutions and private technology companies, resulting in partnerships that are increasingly
common, however, insufficiently regulated.

This paper examines the 2015-2017 data-sharing agreement between Google DeepMind and the Royal
Free NHS Trust, a case study illustrating how such partnerships can fail patients and raise privacy and
ethical concerns. Under this agreement, the medical records of approximately 1.6 million patients,
originally intended for developing the Streams clinical application, were transferred to DeepMind without
explicit consent of their users (Powles & Hodson, 2017).

The case covers three interconnected problems that remain relevant today. Namely, it analyses the
absence of meaningful informed consent, the secondary use of data collected for an entirely different
purpose, and a lack of transparency (Moulaei et al., 2025; Powles & Hodson, 2017).

The analysis is conducted within two key regulatory frameworks with ethical matters in mind. Under the
General Data Protection Regulation, the agreement constitutes a clear violation of the principles of
purpose limitation, data minimization, and transparency. Under the EU Al Act, healthcare Al systems are
classified as high-risk, requiring mandatory Data Protection Impact Assessments, human oversight
mechanisms, and transparency obligations (Benis et al., 2025). Although neither GDPR nor the EU Al Act
was applicable at the time, applying them retroactively reveals the structural vulnerabilities the DeepMind
agreement exposed and the gaps that these frameworks were later designed to prevent (Benis et al.,
2025).

To address the privacy shortcomings illustrated by the DeepMind case, particularly the transfer of raw
patient records outside their originating institution, the paper examines two complementary privacy-
preserving approaches to healthcare Al development: federated learning and differential privacy.
Federated learning enables collaborative Al model training without transferring raw patient data outside
the institutions where it was collected. Instead, each participating institution trains the model locally on its
own data and shares only the resulting parameter updates with a central aggregator, which combines
them into a global model without ever accessing the underlying records (Rauniyar et al., 2024). However,
federated learning alone does not provide a formal privacy guarantee, as shared model updates can still
expose individual patient records through reverse engineering attacks, such as model inversion, which
exploits intercepted gradients to reconstruct training data approximately (Rauniyar et al., 2024).
Differential privacy can complement this approach by formally bounding the influence of any individual
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record on the resulting model or output typically by clipping and adding calibrated noise to gradients
during local client training. This approach is known as differentially private stochastic gradient descent
(DP-SGD) and is governed by a privacy budget (¢) that quantifies the trade-off between privacy protection
and model accuracy (Adnan et al., 2022). Without guaranteeing regulatory compliance individually, these
approaches together offer a concrete technical pathway for reducing the need to centralize sensitive
healthcare data, supporting the data minimization principle under GDPR and the technical risk-
management measures required under the EU Al Act.

Keywords: informed consent; secondary use of data; federated learning; differential privacy; EU Al Act
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Green Al and Circular Economy Adoption in SMEs: Bias, Data
Infrastructure, and Structural Constraints in the EU and Serbia

Jovan Koji¢"

This paper examines the relationship between artificial intelligence (Al) automation, resource efficiency,
and circular economy practices in small and medium-sized enterprises (SMEs) in the European Union
and Serbia, with a focus on structural and contextual constraints affecting Al-driven sustainability
outcomes. In this context, Green Al is defined as the deployment of artificial intelligence systems
designed to minimize environmental impact through resource efficiency optimization and sustainability-
oriented outcomes. While often framed as an objective tool for improving environmental performance, its
effectiveness depends on data quality, organizational capacity, and regulatory conditions.

A key source of bias in Circular Economy applications of Al is geographic imbalance in data collection, as
these systems are frequently trained on historical datasets and may systematically favor regions and
industries with established digital infrastructures. As a result, machine learning models for waste
management, logistics, and material recovery are predominantly developed using data from highly
industrialized economies. Economic bias further complicates the implementation of Green Al
Optimization functions often prioritize high-value materials (e.g., industrial metals) while marginalizing
lower-value but environmentally critical streams like organic waste or complex composites.

To empirically assess these biases, this study employs the Mann—-Whitney U test to compare model
performance metrics between developed economies and transitional regions, specifically the EU and
Serbia. As a non-parametric alternative to the independent samples t-test, this method is suitable for
comparing two independent groups without assuming a normal distribution of the performance measures.
Data were collected from a sample of n = 262 SME owners and senior managers via a structured
guestionnaire. Initial findings suggest a statistically significant degradation in model accuracy when
applied to developing contexts, where infrastructure conditions and waste stream compositions diverge
from training data distributions.

To further examine the measurement reliability of the composite indicators used to train and validate
these Al models, the research uses Cronbach’s alpha (a) formula (1), a measure of internal consistency:

= L(l_z_) &

k-1 o#

where k represents the number of items, g2 denotes the variance of individual item i, and o2 denotes the
total variance of the observed composite score across all n = 262 respondents. In this context, a is used
to verify the consistency of multi-variable environmental datasets. The findings suggest that low internal
consistency in input data acts as a catalyst for bias propagation, leading to unreliable sustainability
assessments.

Regression analysis identifies firm size and data accessibility as primary predictors of successful Al-
driven recommendation implementation. The model yields an R2 of 0.42, indicating modest but
meaningful explanatory power. Al automation demonstrates a positive and moderate effect on circular
economy implementation. This modest explanatory power points to a systemic exclusion of SMEs, which
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often lack the standardized data structures required by these models. When organizational resilience and
regulatory environment are incorporated as predictors, the model's explanatory power increases
substantially, suggesting that Al functions as a contributory rather than sufficient driver of sustainable
transformation.

Data availability and quality constraints, particularly in less digitized environments, reduce model reliability
and introduce systematic bias. Systems developed using data from highly industrialized regions
demonstrate measurable performance degradation in transitional economies, a finding consistent with the
R2 = 0.42 result, which suggests that contextual variables not captured in the baseline model account for
a substantial portion of unexplained variance.

Overall, Green Al contributes to resource efficiency and circular economy adoption under conditions of
adequate data infrastructure, organizational capacity, and regulatory alignment. The regression findings
indicate that effective implementation is contingent on these structural prerequisites rather than
technological deployment alone. For SMEs operating in transitional economies such as Serbia, this
conditionality is particularly significant, as institutional and data infrastructure gaps systematically
constrain Al-driven sustainability results. Future research should address the development of context-
sensitive Al models regulated for low-digitization environments, and policy frameworks should prioritize
data infrastructure investment as a precondition for reasonable Green Al adoption across the EU and
candidate member states.

Keywords: Circular economy, artificial intelligence, green intelligence, regression analysis, Mann-
Whitney U test, sustainability.
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Transformative Challenges of Al-based Technologies on Education

Vladimir Pavlovié', Bogdan Novakovié’, Olivera J. Bogunovié¢®

Al-based technologies are reshaping education at every level, from classroom instruction and
assessment to curriculum design, institutional governance, and lifelong learning. This transformation is
not simply technological; it is pedagogical, ethical, and political. An educational system once structured
around fixed curricula, standardized pacing, and uniform assessment is now being retransformed by
adaptive Al technologies capable of personalizing learning pathways and processing vast amounts of
educational data. This shift matters because education is not only about knowledge transfer; it is also
about social development, identity formation, and democratic participation. Therefor UNESCO
emphasizes that Al has significant potential to improve teaching and learning, but also warns that its rapid
development has outpaced policy and regulation, making inclusion and equity central concerns.

The aim of our research is to analyze transformative challenges of Al-based technologies on education,
since these technologies can infer patterns, generate responses, and adapt in real time, thus influencing
personalized learning, teaching and assessment, equity and access, ethics and governance, as well as
human cognition in general.

The convergence of cognitive decline, neuroplasticity adaptation, and emotional intelligence impairment
in the digital age presents a critical challenge for Al based educational systems, but also an opportunity
for transformative intervention through intentional design of learning environments that balance
technological integration with cognitive protection. There is clear evidence that the current trajectory of
digital-first education, characterized by excessive screen time, cognitive offloading, rapid task-switching,
and digital-first social interactions, is producing measurable cognitive decline in Generation Z, with
significant implications for educational outcomes, workforce readiness, and societal functioning. However,
the same neuroplasticity that enables cognitive decline can be harnessed for cognitive enhancement
through intentional educational design that prioritizes deep focus, active learning, and face-to-face
interaction. The most effective educational interventions must address multiple dimensions
simultaneously, including limiting screen time to 30 to 45 minutes per week per subject, implementing cell
phone bans on school premises, prioritizing hands-on learning with physical manipulatives, and fostering
face-to-face social interactions that activate mirror neurons at full strength.

One of the most visible transformations brought by Al is personalized learning. Adaptive platforms can
adjust difficulty, sequence, pacing, and feedback based on a learner’s performance, thereby making
instruction more responsive to individual needs. While, research on intelligent tutoring systems has long
suggested that well-designed digital tutoring can improve learning outcomes in specific domains, it has
been found that educational systems may overestimate what can be captured through data traces alone,
reducing a learner to patterns of clicks, scores, and predicted probabilities. When this happens, the
learner’s agency and interpretive life can be flattened into a data profile. The danger is not only technical
but philosophical: if education is treated primarily as optimization, then curiosity, struggle, and
immeasurable growth may be undervalued. For this reason, we advocate that personalization should be
understood as a support for learning, not a substitute for human pedagogical judgment. This is why the
role of the teachers and assessment are fundamental although Al is also transforming their role as well.
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According to The U.S. Department of Education Al can support teaching and learning, but should be used
in ways that keep educators in the center of decision-making. Rather than serving only as transmitters of
content, teachers are increasingly becoming designers of learning environments, interpreters of data, and
mentors who guide students through complex tasks. This reorientation can be beneficial because it frees
educators from repetitive administrative labor and allows more time for conversation, feedback, and
relational work. At the same time, assessment is changing just as dramatically. Automated grading
systems can evaluate selected forms of work quickly, while generative tools can support rubric-based
feedback, draft analysis, and formative coaching. Such systems may improve speed and consistency,
especially in large classes, but if grading systems are opaque, biased, or poorly calibrated, they may
damage trust and undermine fairness. Therefore, assessment remains one of the most sensitive areas in
educational Al.

While, there is no doubt that Al is most beneficial when students use it to deepen understanding, verify
outputs, and organize learning, recent studies show that a striking difference in student’s verification
habits: 72% of higher-performing students said they always or almost always check Al-generated
information, compared with 28% of lower-performing students. That supports the argument that Al can
amplify existing inequality if students use it as a shortcut rather than a learning aid. UNESCO has also
reported that fewer than 10% of schools and universities had formal guidance on generative Al at the time
of its survey, which suggests a major opportunity for institutions to build structured, beneficial use rather
than leaving students to improvise. As a result Al-based educational technologies may lead to digital
divide.

Al systems often require devices, connectivity, technical literacy, and institutional support that many
learners do not have. If high-quality Al tools are available only to privileged schools and affluent families,
the result may be a new layer of educational inequality. Even where access exists, the language,
assumptions, and cultural norms embedded in Al systems may not reflect local educational contexts. This
is why educational transformation must include infrastructure, training, and policy, not just software
procurement.

Equity also requires attention to bias. Al systems trained on incomplete or skewed data may reproduce
existing social inequalities, including those related to race, class, gender, language, and disability. In
education, such bias can have lasting consequences because algorithmic decisions may shape
placement, intervention, and opportunity. Therefore, a responsible educational system must therefore
treat fairness as a design requirement rather than an afterthought.

Keywords: Human centered Al, Innovative education, Trustworthy Al
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Intellectual Property Rights in the Era of Al: Challenges and Perspectives of
the Contemporary Legal Framework

Dusan Stojanovié', Andelka Zeéevié®

The rapid development of generative Al models and the constant need for massive datasets to support
their training challenge the foundations of intellectual property rights, which were defined in an era of
exclusively human creativity. From the perspective of the existing European Union legal framework,
intellectual property can be examined from three different aspects.

(1) The use of copyright-protected content for the training of Al models must comply with the EU Al Act,
currently the most comprehensive regulatory framework in the field of artificial intelligence, as well as its
underlying copyright framework, in particular the Directive on Copyright in the Digital Single Market (DSM
Directive, 2019/790), and its provisions on the text and data mining exception.

(2) The authorship and protection of Al-generated works, with a critical examination of originality and
intellectual creation as prerequisites for copyright protection.

(3) The position of humans who contribute to creation through Al tools, and the boundaries of human
input sufficient for establishing authorship rights over the final output. This is particularly relevant for the
process of prompting, which is still underexplored despite its significant influence on the performance and
outputs of Al systems.

In this talk, we will address the first aspect and discuss existing regulatory approaches to the protection of
copyrights in the context of the development of Al models. We will discuss copyright questions in the light
of the mainstream large multimodal models such as ChatGPT, Gemini, Grok, and Claude, as well as
open-sourced models such Apertus, developed by the Swiss Al initiative, or government supported
models such as PLLuUM, Polish Large Language Model.

As the development of Al law does not take place exclusively through legislation but also through case
law, this talk also examines the decisive contribution of courts across different jurisdictions, presenting
key cases that have laid the foundations for the further development of legal responses to the challenges
posed by generative artificial intelligence. Through these perspectives, the talk critically assesses the
coherence and adequacy of the existing EU legal framework in addressing the challenges that generative
artificial intelligence poses to traditional categories of intellectual property law.

Keywords: intellectual property, copyrights, large multimodal models
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Concerns over the use of synthetic data in biomedicine — What could ever
go wrong?

Miljana Tanic*?

Data quality is the most important determinant for development of useful and generalizable classifiers
based on machine learning (ML) models for healthcare. Classifiers are developed typically by training and
fine tuning a model on a training dataset, next, evaluating its performance on a separate test dataset,
ideally followed by external evaluation on a dataset from a different source, before being applied in real-
world environment. Unfortunately, in biomedicine data are often scarce, with inherent biases, with limited
number of patients and sometimes huge number of features. An especially daunting task is to collect
sufficient data from events with low prevalence (fewer than 1000 outcomes per 100 000 individuals), while
taking into consideration all relevant confounders or comorbidities, resulting in heavily unbalanced
datasets. Sometimes, after years of cohort building, we just don’t have enough good quality data. So,
what can we do about it? Recent calls for the use of synthetic data propose - Let’s invent them! What
could ever go wrong with that?

Arguments in favor of synthetic data use often quote reduced cost, addressing privacy concerns,
augmenting datasets and overcoming data bottlenecks for rare events. Big tech companies, such as
NVIDIA or IBM, are particularly vocal proponents of synthetic data. Growing number of companies (e.g
Simulacrum, Syntho, BlueGen, Mommentum etc.) are dedicated to generation of synthetic data for
training models for healthcare Al, with increasing use in medical research on cancer, cardiovascular
diseases or infectious diseases (Eckardt et al., 2026). While there may very well be a place for the use of
synthetic data in some fields, in this opinion piece, | will try to argue from a position of biomedical
researcher why this may not be such a great idea for applications in healthcare.

In biomedical research there is a clear distinction between technical replicates (repeated measurements
of a parameter on the same subject) and biological replicates (measurements of a parameter in different
subjects)(Blainey et al., 2014). Biological replicates aim to capture information about random biological
variation, while technical replicates are used to determine variation stemming from measurement errors.
Biological variation among human subjects is notoriously high given the profound diversity of human
genomes between different populations, differences between biological sexes and changes over age
compounded by different environments, socio-economic factors and cultures, that are affecting human
phenotypes. Believing that we can faithfully recreate the entire biological variability would be pure hubris!
Nevertheless, we commonly use approximations and simplifications, aware of their limitations, to help us
reach the truth. Can synthetic data help us to do that?

Synthetic data is typically generated to replicate the statistical parameters of a real-world dataset. Faithful
replication of intrinsic variation of a real-world dataset can be achieved only if we fully understand its
distribution and characteristics. Being drawn from known distributions, synthetic data cannot help us to
uncover new knowledge, the unknown unknowns. This begs the question - if we already know everything
about the real-world dataset, why do we need the synthetic data for? One common answer to this
guestion is to increase the size of the dataset. However, by augmenting the dataset with synthetic data
we are not capturing more of the biological variation, but simply introducing more of quasi-technical
replicates. Moreover, augmenting the dataset with synthetic data may lead to an exaggeratedly reduced
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confidence intervals and p-values. In other words, artificial data would lead to artificial conclusions that
prevents the validity estimation of the model in the real world before deployment (Koul et al., 2025).

Distribution leakage, due to a circular logic, where a model was used to generate initial synthetic data,
separated into training and test dataset and then evaluated on the held-out test set, provides poor
indication how it would handle real-world data. Even if we use one model to generate synthetic data, to be
used as a training dataset for training a new model, errors are inevitable. Synthetic data may suffer from
reduced complexity, overrepresenting common patterns and omitting rare ones, potentiating bias, or
inadvertently include observations that cannot occur in reality (e.g. 190cm height over 30kg weight), again
affecting the generalizability of the model. This was elegantly described as in a landmark Nature study
that demonstrated “model collapse” in model-generated content caused by progressive loss of the tails of
the original distribution even in the early stages (Shumailov et al., 2024).

Second use case for synthetic data is related to privacy concerns and cost reduction (Nowok et al., 2016).
Medical and genetic data fall into the category of “particularly sensitive” personal data, requiring strict
provisions to maintain patient privacy and anonymization techniques. While concern for data privacy may
be a valid reason to use synthetic data, a cynic might argue that companies are often incentivized to use
cheaper options, skipping the hard work, time and associated expenses required to compile a
representative, manually curated high-quality dataset. Regulatory approval for medicines and medical
devices requires through validation in real subjects. It may end up being more costly to run a failed clinical
trial based of synthetic data than to invest in initial real data acquisition.

Finally, the biggest concern relating to the ethics of using synthetic data, is that it is, in essence, data
fabrication. Just because we are being honest about using fake data, doesn’t mean it is the right thing to
do. Deploying Al solutions in healthcare that eventually fail because our data was not representative, may
lead to eroding of public trust in science. Additionally, it may cause ripple effects by poisoning the
literature with erroneous conclusions and instigating new projects or trials based on falsified data
(Fitzgerald, 2024).

| am not arguing synthetic data is of no use in biomedicine — e.g., it may be used in the education setting
as dummy data for teaching courses, or for preliminary analysis and code development (Nowok et al.,
2016). However, | firmly believe that when human lives are at stake, let’'s not substitute silk for polyester.
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Ai-Assisted Learning in Practice: Github Copilot as a Programming Tutor
for Non-Compter Science Students

Olga Timcenko®!

Overview: This case study examines how GitHub Copilot was used as an Al "tutor” in a second-semester
programming course for Media Technology students at Aalborg University in Denmark — students who
are not computer science majors. Drawing on frameworks from Kurtz et al. (2024), the paper reports that
Al-assisted students produced markedly higher-quality projects and earned significantly better exam
grades than students in prior, non-Al cohorts, while also surfacing risks around over-reliance on Al-
generated code.

Background and Context: Media Technology students focus on design and digital content rather than
programming, yet need a working grasp of code to build interactive media such as games. After an
introductory first-semester course in C# basics, students take "Programming of Mobile Applications" in
semester two — the course studied here — which shifts toward object-oriented programming for 2D game
development in Unity and C#. The technical demands of Unity (game mechanics, animation, input
handling) have historically limited the scope and polish of student projects, especially under time
pressure. GitHub Copilot, an Al code assistant offering real-time suggestions and debugging help, was
introduced as a way to act as an intelligent tutor — while the literature also warns that Al support can risk
reducing students' critical-thinking development if not carefully managed.

Course Structure and requirements: The course is a 5 ECTS class with roughly 50-60 students per
cohort. It ran twice without generative Al before Copilot was formally introduced in Spring 2024. Students
worked in small teams (using GitHub for storage and collaboration) and built an initial game version
during a three-day Game-jam near the end of the course. For the final exam, each student individually
refined or rewrote their game and defended their design and code in a 20-minute oral exam with the
teacher and an external censor. Copilot use was actively encouraged, but with one firm rule: regardless of
whether code was self-written or Al-generated, students had to fully understand and be able to explain
every part of it. This mirrors Kurz et al.'s (2023) recommendation that Al use should be carefully
monitored to support learning rather than replace it. The important remark here is that quality of projects
themselves was not a part of the grade, but only the student’s reflection on the written code and
explanations of the choices made and algorithms used to develop the project.

Key Findings: Grades: Average final grades (Danish 7-point scale) across three course generations:
CohortAverage Grade:

* Generation 1 (no Al): 6.69

* Generation 2 (no Al): 6.08
* Generation 3 (with Copilot) 7.67

The Al-assisted cohort's average was roughly a full grade point higher than either prior cohort, reflecting
more technically ambitious projects that students were able to explain and discuss the code, debug
confidently, and answer curriculum questions with concrete examples during the oral exam — evidence,
we could argue, of deeper engagement rather than just Al doing the work.

24



Challenges and Risks: Not all outcomes were positive. Several students could not fully explain the logic
behind Al-generated code segments they had used in their own projects, despite implementing them —
which is a clear sign of over-reliance. This is the central risk of Al tutoring: it can mask gaps in
fundamental understanding unless explicitly checked for, echoing the caution raised by Kurz et al. (2024).

Recommendations:

= Curriculum focus: shift emphasis from coding mechanics toward higher-order skills —
programming principles, game design logic, and computational thinking.

= Exam design: add questions that ask students to critique, improve, or propose alternatives to Al-
generated solutions, not just explain accepted code.

= Critical thinking: train students to judge when Copilot's suggestions are appropriate versus
suboptimal.

= Problem-solving: ensure students can independently diagnose game-mechanic and logic issues
Al may miss.

= Code adaptation: build skill in optimizing and tailoring Al-suggested code to project-specific
needs.

= Creative innovation: redirect time saved on manual coding toward design creativity and pushing
project ambition.

= Balance: explicitly set expectations for when Al should and shouldn't be used, and assess
students both with and without Al support.

Conclusion: The case study concludes that GitHub Copilot can function effectively as a private Al tutor in
non-CS programming education, raising both technical quality and oral-exam performance. But its
presence demands rethinking course curricula and assessment so that students become adaptable,
independent thinkers — not just consumers of Al-generated code.
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Ethical Challenges of Integrating Al into the Educational Process:
Balancing Technological Progress with Academic Integrity

Zubova Oksana', Khusnutdinova Margarita®, Filipova Aleksandra®

https://rscf.ru/project/26-18-00812/

The active introduction of artificial intelligence into school education raises a number of risks related to
both technological and socio-ethical aspects. The purpose of the study conducted by the Laboratory of
Comprehensive Research on Childhood at Vladivostok State University was to identify barriers and actual
strategies for using Al in the school educational environment. In March and April 2026, two focus groups
were conducted with 12 16-17-year-old students in Moscow (4 boys, 4 girls) and Vladivostok (2 boys, 2
girls), supplemented by interviews with 4 teachers who use Al tools in their teaching activities. The
transcripts were processed using thematic analysis. This study was supported by a grant from the
Russian Science Foundation Ne 26-18-00812.

All students expressed a positive attitude towards the further expansion of the use of artificial intelligence,
as well as the constant use of Al tools in everyday and educational practices. However, the main
concerns of the students are related to the initially incorrect guidelines and objectives for using Al. As a
11th-grade student wrote: "There may be a trend towards degradation if students... mechanically copy... It
is necessary to teach the correct use of new Al tools..."

A 11th-grade student notes that "artificial intelligence cannot replace everything in education... technology
that needs to be improved." This is primarily due to errors and inaccuracies in information, where neural
networks can generate fictional facts and cite non-existent literature, compromising the scientific accuracy
of educational materials. Al algorithms may also contain built-in biases, leading to discrimination against
students based on various characteristics. Incorrect algorithm settings or data breaches can compromise
the privacy of student data. It is not always clear what data Al decisions are based on, and who is
responsible for algorithmic errors. All of these risks contribute to the formation of technological and
pedagogical concerns. However, teachers also face social fears that Al may replace human interaction,
negatively impacting students' emotional development and the quality of education, and altering the
dominant roles of teachers.

The introduction of artificial intelligence into the school educational environment raises important issues
related to academic integrity, the development of students' critical thinking, and the preservation of their
engagement (Nguyen A., 2023). The use of Al can both contribute to the development of learning skills
and pose risks of unethical behavior. According to Turnitin's 2023 data, out of the more than 200 million
student submissions, 22 million (11%) already contained at least 20% Al-generated content, and around 6
million (about 3%) contained at least 80% Al traces (Turnitin, 2024). However, academic integrity goes
beyond plagiarism, as defined by the International Center for Academic Integrity (ICAI). It includes
adherence to values that shape principles of behavior, such as honesty, trust, fairness, respect, and
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responsibility (Turnitin. Academic integrity essentials, 2024.). Applying these values to the use of Al reduces
the risks associated with the substitution of independent homework completion, which makes it difficult to
assess a student's actual knowledge and skills; the presentation of generated content as original, without
indicating the use of technology; and the emerging dependence on Al, where students begin to lose their
skills in independent learning, critical thinking, and become lazy, shifting all responsibility and decision-
making to Al.

Students, like teachers, believe that the participants of the educational process are not yet well adapted
to Al in terms of ethical aspects. A 10th-grade student notes that "if you show an old-school teacher a
presentation made by Al, they probably won't notice the difference... Teachers are unable to control how
honestly a student has completed their work..." From this example, which describes the spread of
practices related to Al among different participants in the educational process, it is evident that several
factors contribute to the existing barriers to integrating with artificial intelligence. First of all, this is the
different level of digital literacy, awareness of the need for continuous professional development in the
field of not only digital competencies, but also Al competencies. It is also influenced by belonging to
different generations, who are undergoing socialization and professional development in different
institutional structures, including the established social perceptions of the role of the teacher profession.
Despite the fact that there are indeed more people among the older generation who oppose the use of Al
in schools, and the younger generation of teachers is more optimistic about technological progress and
has a better understanding of information technology, the personal characteristics of the teacher, their
willingness to accept new changes and develop professionally, as well as the existing attitudes of the
administration towards Al, which shape the school environment, practical experience with new tools, and
the opportunity to receive ongoing training and consultations, are important factors. The teacher's
adherence to the principles of ethical symmetry contributes to the development of students' reflective use
of Al, the search for new methods of promoting academic integrity without restrictions or threats, allowing
students to expand their educational and cognitive opportunities through the "correct configuration" of Al
tools.

Therefore, integrating Al into the educational process requires a balanced approach that considers both
technological capabilities and ethical standards, allowing for the maximum utilization of Al's potential to
enhance education while maintaining academic integrity and ethical standards.

Keywords: academic integrity, generative artificial intelligence, critical thinking, ethical symmetry, self-
regulation of learning activities.
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Usability analysis of Hu and Zernike moments for image classification

Dugan Denéié¢', Natasa Milosavljeviél, Tatjana Davidovié®

This study presents a shape-based image classification framework that combines Hu and Zernike
moments with a Support Vector Machine (SVM), whose hyperparameters are optimized using
metaheuristic algorithms. Our main goals are to examine not only the usability of the considered moments
and their combinations but also the effectiveness of metaheuristics in hyperhapameter tuning. We
selected lightweight models with hand-crafted descriptors that retain an attractive accuracy-efficiency
trade-off. A principled shape-centric pipeline: Hu’s seven invariant moments (Meng, W., et al., 2025) and
Zernike moments (Zhang, J., et al.,, 2025) as features, coupled with an RBF-kernel Support Vector
Machine (SVM) (Natanael, K., Vincentius, R., & Herwindiati, D.E., 2025) is revisited. The Hu moments
constitute a set of seven nonlinearly defined descriptors based on normalized central moments up to the
third order. Their key property is invariance with respect to fundamental geometric transformations of the
image: translation, rotation, and scaling. This robustness makes them suitable for the analysis and
classification of visual objects, irrespective of their position, size, or orientation. The method of Zernike
moments is based on the application of Zernike orthogonal polynomials which are defined on the unit
disk. The image silhouettes were first binarized, and the extracted Hu and Zernike moments were
standardized and used as input features for SVM. Although SVMs are robust and data-efficient, their
performance is controlled by two hyperparameters: the regularization constant € and the kernel width .
An exhaustive grid search for tuning these parameters is sample-inefficient under tight evaluation
budgets, while random search under-exploits promising regions once discovered. Metaheuristics, which
are derivative-free stochastic optimizers with explicit diversification and intensification, offer a compelling
alternative. Therefore, we propose applying Variable Neighborhood Search (VNS) (Brimberg, J., et al.,
2023), a trajectory-based metaheuristic that systematically alternates neighborhoods to escape local
optima. Bee Colony Optimization (BCO), a population-based approach with implicit information sharing,
has already been applied to this problem [6]. We modify the existing BCO approach and include it into
performance evaluation of various metaheuristic-based approaches. The modified BCO and newly
proposed VNS are compared with the baseline SVM trained under the default hyperparameter values
(DB), as well as with the improved baseline SVM (IB), trained using a set of randomly selected
hyperparameter values.

Preliminary experimental evaluation is performed on 4 publicly available image datasets. As the
performance measure we selected the F1 score. All experiments were executed on a desktop
configuration with Intel Core i3-10100 @ 3.60GHz (4 cores, 8 threads), 8 GB DDR4 RAM, under
Windows 10 Education, version 22H2, OS Build 19045.6332 operating system. The implementation is
done in Python, version 3.13.7. Excluding IB, all compared approaches need to be executed multiple
times for different seed values to examine their stability. The values of relevant parameters are selected
as follows. The domains for SVM hyperparameters are C € [0.1,100], € [10™% 1]. The training/test split
was 80:20. VNS has a unique parameter k,,, that is tuned using the values from the set
{2,6,10,...,94} = {2 + 4m,m = 0,23}. The values of three BCO parameters (the number of bees B, the
number of transformations in each iteration NC, and the number of modifications of a single solution o)
and determined experimentally combining the following domains B € {2,4,6,8,10}, NC € {2,6,10,14,18},
o = rndint(2,10). Stopping criteria are defined by a maximum runtime limits (60 seconds peer feature
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mode). Table 1 contains average values of F1 scores for a single database that illustrate the influence of
each shape-based descriptor. The best values are bolded. The average results including Hu and Zernike
moments and their combination for each of 4 databases tested are presented in Figure 1.

Table 1. Average F1 scores depending on shape-descriptor moments

men_vs_women | DB B BCO VNS
Hu 0.4623660 | 0.4623660 | 0.4623660 | 0.4623660
zernike 0.4623656 | 0.6059400 | 0.5979957 | 0.5201828
Both 0.4623656 | 0.5310485 | 0.5482396 | 0.6279762
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Fig. 1. Average F1 scores over all shape-based descriptors

The presented results show that SVM, optimized using the metaheuristic methods, achieves higher F1-
score values compared to the default SVM model, with the combination of both Hu and Zernike moments
with VNS providing an efficient and robust approach to shape-based image classification.

Keywords: Shape descriptors, support vector machine, hyperparameter optimization, metaheuristics.
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Dataset for UAV Visual Cross-View Geo-Localization in Mixed Forest-Urban
Interfaces

Jelena Jevremovié', Boban Sazdié-Jotié', Rade Pavlovié', Dusan Randelovié*

Unmanned Aerial Vehicles (UAVS) rely on Global Navigation Satellite Systems (GNSS) to ensure
accurate localization and trajectory tracking. However, GNSS signals are vulnerable to adversarial
electronic interferences, such as intentional jamming and spoofing and unintentional signal attenuation
caused by multipath propagation in dense canopies, urban canyons, or communication-sensitive
operational zones. In GNSS-denied environments, alternative sensory frameworks—such as onboard
Inertial Measurement Units (IMUs) or Inertial Navigation Systems (INS)—are typically employed.
Nonetheless, these sensors suffer from cumulative errors over time, leading to positional drift and an
inability to maintain trustworthy geospatial referencing. To solve the limitations of inertial drift under poor
GNSS conditions, computer vision methods offer a practical alternative for continuous positioning.
Specifically, visual cross-view geo-localization (visual navigation) facilitates autonomous navigation by
matching real-time video streams captured by the UAV's onboard camera with pre-registered, geo-
referenced satellite or orthophoto basemaps. This paradigm maps the navigation task to a content-based
image retrieval (CBIR) problem, estimating the coordinates by identifying the geometric match between
NADIR (immediate downward-facing) field of view (FOV) and a comprehensive satellite reference
database. Original datasets (benchmarks), such as University-1652 (Zheng et al., 2020) and DenseUAV
(Dai et al.,, 2023), established foundational baselines for testing visual navigation algorithms.
Concurrently, models within the computer vision community have progressively shifted from Convolutional
Neural Networks (CNNSs) toward Vision Transformers (ViTs), using self-attention mechanisms to capture
long-range contextual dependencies. Despite these advancements, existing approaches are mostly
optimized for urban topographic structures. Therefore, because many benchmark datasets are simply
dominated by urban, suburban, or infrastructure -rich scenes, models trained on them face a significant
domain shift and experience severe accuracy degradation when transitioning to mixed forest-urban
topographic structures. This vulnerability stems from fundamental deficiency in current training data,
which fails to capture the unstructured and self-similar characteristics of natural vegetation. While the
deployed architecture achieves robust retrieval accuracy in homogeneous urban environments, its
discriminative capability deteriorates in mixed forest-urban landscapes where dense forest canopies and
residential infrastructure coexist.

To address these critical limitations, this paper introduces a novel cross-view geo-localization dataset
captured across forest-urban interfaces in Belgrade, Serbia. The benchmark is validated utilizing an
evaluation framework based on a Pseudo-Siamese model (Chopra et al., 2005) featuring a weight-shared
Vision Transformer backbone (ViT-S/16) (Dosovitskiy et al., 2021) and a Generalized Mean (GeM)
pooling layer. To systematically evaluate how structural transitions alter visual feature representations, our
dataset explicitly captures two distinct environmental zones along a continuous flight trajectory:
woodland canopies (specifically, the KoSutnjak and Maki$ forest zones) because trees and forests look
almost identical to the above and residential settlements (infrastructure domain) because features like
rooftops, fences, and streets offer strong visual cues, but the layout of Balkan suburbs differs from the
Asian and Western data used for pre-training. To overcome the challenges of generating our dataset, we
deployed a WingtraOne UAV platform to capture NADIR aerial data, mapping it against corresponding
publicly available satellite imagery. An underlying methodological contribution of this work is a specialized
image-segmentation tool utilized to generate localized image patches and consolidate them into a
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structured cross-view geo-localization dataset. The dual-stream alignment of our dataset is tailored for a
Pseudo-Siamese framework and projects different UAV and satellite perspectives into a common low-
dimensional embedding space, enforcing geometric alignment regardless of viewing angles or sensor
characteristics. To optimize this pipeline, we employ a layer-wise strategy that divides the 12 attention
blocks into two operational domains based on feature abstraction: Zone 1 (Low — Level Geometry):
Blocks 1 to k, Zone 2 (High — Level Semantics): Blocks (k+1) to 12, where variable k represents the
boundary between frozen and trained layers. Zone 1 remains frozen to preserve universal geometric
features, while Zone 2 is fine-tuned using a combined loss function that includes Cross-Entropy (CE)
Loss, a Soft-Weighted Triple Loss, and Kullback-Leibler (KL) Loss. This ensures the model adapts
specifically to the layout and texture of the Cukarica area. We evaluate our approach through a two-phase
comparative workflow. First, we benchmark the pre-trained ViT-S/16 model directly on the Cukarica
segments. This allows us to isolate the exact performance drop caused by shifting from standard datasets
to the challenging forest-urban interface. Second, we systematically shift the freezing boundary k to track
how well each sub-domain recovers as more layers are exposed to fine-tuning. To systematically evaluate
the expected localization performance and quantify the domain shift, the proposed evaluation protocol
relies on three key metrics: Recall@K (R@K), Mean Average Precision (mAP), and Satellite-view Drone-
view Matching at K (SDM@K). Furthermore, we conduct an ablation study investigating the
expressiveness and feature localization capacity across the 12 attention blocks of the ViT-S/16 model. By
freezing the lower, localized feature layers and fine-tuning the upper, context-aware layers, we effectively
recover and optimize baseline retrieval performance. Our empirical findings provide critical insights into
how self-attention mechanisms dynamically allocate weight distributions when processing the disparate
boundaries of natural landscapes and human-made infrastructure.

The proposed approach primary limitation is that the current datasets represent a single temporal
snapshot, meaning the network's resilience to drastic seasonal changes, varying illumination conditions,
and long-term phenological shifts in canopy cover remains unassessed. Second, although the ViT-S/16
backbone achieves high retrieval accuracy, its heavy self-attention mechanisms introduce substantial
computational overhead that may constrain real-time deployment on hardware-restricted edge processing
units aboard micro-UAVs. Future work will be directed toward four principal objectives: 1. Multi-Sensor
Fusion: Integrating onboard sensory data (including IMU, INS, and odometry) to narrow the search
window, thereby minimizing retrieval latency and optimizing localization robustness. 2. Oblique
Perspective Adaptability: Extending the model’s capabilities to handle non-NADIR imaging, focusing on
mitigating perspective and lens distortions. 3. Temporal and Seasonal Expansion: Continuously
updating the benchmark dataset with multi-temporal imagery captured during different periods of the year.
4. Edge Al Hardware Deployment: Migrating the pipeline to real-time embedded edge Al devices to
validate the visual navigation framework under actual online deployment conditions.

Keywords: Cross-view geo-localization, Drone, GNSS, Vision Transformer (ViT), Transfer learning,
Navigation.
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Improving Soil Property Estimation from Spectroscopy Using Elastic-Net-CNN: An
OSSL-Based Study with Transfer Learning

Mina Stankovié', Stefan Kostic’, Dimitrije Gajin3, Ognjen Antonijevié“, Branislav Bajat5, Aleksandar
Sekuli¢®, Milan Kilibarda', Slobodan Jeli¢®

Introduction: Soil properties, such as soil organic carbon (SOC) content, nutrients, pH value, and
mechanical composition (texture), are key indicators of soil fertility and health; thus, monitoring them is
crucial for agriculture, sustainable food production (Roja et al., 2016), and environmental protection (T6th
et al.,, 2018). The standard approach for their determination is laboratory chemical analysis, which is
highly precise but slow, expensive, and time-consuming, making it difficult to scale across large sample
sets. As an alternative, visible and near-infrared (VisNIR), near-infrared (NIR), and mid-infrared (MIR)
spectroscopy, coupled with machine learning, enables more rapid and cost-effective estimation of soil
properties, highly suitable for analyzing large volumes of samples. Furthermore, deep learning can
automatically extract relevant features from spectral data, while transfer learning allows for the
repurposing of trained models for related tasks and novel environmental conditions.

Data and Methods: This study utilized data from the Open Soil Spectral Library (OSSL) public database
(Safanelli et al., 2025), comprising four spectral datasets (Neospectra NIR and MIR, OSSL VisNIR and
MIR) to evaluate the following properties: soil organic carbon (SOC) content, total nitrogen (N), pH, clay,
sand, silt, sulfur, and zinc. The methodology for preprocessing and feature extraction was adopted from
existing literature (Zou et al., 2024). Data cleaning involved the removal of missing and negative values,
duplicates, and outliers (utilizing the Isolation Forest algorithm). Highly skewed properties were log-
transformed, whereas all performance metrics—coefficient of determination (R2), mean absolute error
(MAE), and root mean square error (RMSE)—were calculated on the original scale to ensure
comparability. Spectral preprocessing encompassed baseline correction, Savitzky-Golay filtering with a
second derivative, signal correction using the Direct Orthogonal Signal Correction (DOSC) method, and
dimensionality reduction via Principal Component Analysis (PCA, 120 components). Crucially, DOSC and
PCA were fitted exclusively on the training dataset to prevent test data leakage from artificially inflating
predictive performance. As a baseline alternative, both raw and normalized (Standard Normal Variate,
SNV) spectra were evaluated. Classical models (PLSR, Cubist, and Elastic Net) were benchmarked
against a deep convolutional neural network equipped with Elastic Net regularization (CNN-EN). Within
the transfer learning framework, the pre-trained CNN-EN model was fine-tuned across three distinct
scenarios: transfer to a new location (from laboratory to in-situ field measurements), transfer between
varying soil properties, and transfer to a data-scarce property.

Results: The CNN-EN model applied to the OSSL MIR spectrum achieved an R2 of 0.98 for SOC
prediction, while yielding R2 values ranging from 0.89 to 0.92 for the remaining properties (nitrogen, pH,
clay, sand, silt). Conversely, classical models for SOC on the same spectrum produced an R2 of 0.76
(Elastic Net), 0.90 (Cubist), and 0.95 (PLSR). Leveraging the CNN-EN model in the new location transfer
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scenario, the direct application of the laboratory-trained model to field spectra with fine-tuning produced
optimal results for pH prediction. Specifically, the variant utilizing raw spectra achieved an R2 of 0.73.
Applying the CNN-EN model under this transfer scenario for the other properties did not yield satisfactory
predictive performance. In the property-to-property transfer scenario, the CNN-EN model attained an R2
of 0.98 for SOC. In the transfer scenario targeting a data-scarce property, the identical model achieved an
R2 of = 0.48 for zinc, with transfer learning reaching comparable baseline accuracy in roughly 60 epochs
compared to 100 epochs trained from scratch.

Conclusions: The CNN-EN model outperformed classical regression models, exhibiting the highest
accuracy across all evaluated properties, thereby establishing itself as a superior baseline architecture for
predicting soil parameters from spectroscopic data. Across all methodologies, the MIR spectrum
consistently yielded better predictive outcomes than VisNIR and NIR. Properties maintaining a strong
correlation with organic matter (SOC, total nitrogen) were predicted with higher accuracy than those
lacking distinct absorption bands (zinc). Furthermore, it proved essential to fit preprocessing parameters
(DOSC, PCA) strictly on the training data to isolate the test set and prevent data leakage. Transfer
learning demonstrated substantial value when the target task emerged from a novel domain (a different
location, shifting from laboratory to field) or suffered from limited sample sizes. For new locations, it
proved to be the only viable pathway to obtaining practical field predictions; for data-scarce properties, it
significantly accelerated model convergence while preserving comparable accuracy. However, when the
target property already possesses an abundant dataset of the same type, transfer learning yields no
distinct advantage.
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Machine Learning Based System for Real-Time Orofacial Motor Skills
Evaluation

Daria Varga', Danijela Mileki¢*, Milica Vasi¢’, Sanela Slavkovié¢?, Bojan Banjac'®, Lidija Krstanovié*

Machine learning has become an integral part of most cutting edge research in the medical field in recent
years due to its capability to handle vast amounts of data. This has the potential to be a valuable asset in
various facets of the medical world, whether within processing data acquired from testing or in applying
therapy where appropriate. Specifically, speech therapy involves the need for the patient to consistently
perform certain exercises in order to improve control over their facial muscles and correct their execution
of affected movements (Widman-Valencia et al., 2021). The aim of this paper is to facilitate supervised
testing and therapy in a home environment assisted by machine-learning-based technologies, thereby
lessening the load on medical professionals and allowing the patients to partake in therapy remotely,
regardless of professional availability, allowing for the necessary continuity over the course of therapy.

The analysis of orofacial motor skills and oral praxis using visual data represents a significant step in the
development of machine learning-based technologies and their application in rehabilitation process and
speech therapy (Schulze et al., 2026). Oral motor skills refer to the movements and positions of the
muscles of the orofacial region. In literature, the motor planning and organization involved in the
execution of these movements are defined as oral praxis. The accurate execution of movements such as
jaw opening and closing, lip protrusion, or tongue elevation forms the foundation for essential activities
like feeding, salivation control, and proper articulation. Deviations in these functions may be the result of
insufficient functional maturity, limited motor experience, or various neurological conditions, which can
lead to difficulties in feeding, salivation control, and speech intelligibility (Widman-Valencia et al., 2021;
Madzar-Canéar et al., 2024).

According to the clinical significance of certain facial muscle movements, various approaches have been
developed in rehabilitation practice aimed at enhancing orofacial motor skills. The approach used here
involves the development of a system for independent practice and correction of said movements using
machine-learning-based technologies. This system will provide feedback based on a machine learning
model trained using extracted 2D facial landmarks from footage of patients performing corresponding
movements. The footage acquisition will require informed consent from the subjects and will be stored in
local, encrypted storage and used only for research.

The first phase of the practical part of this work focuses on extracting 2D facial landmarks and training the
model using the spatial relationships between them (Effendi & Widyaningrum, 2026). Instead of looking
only at a single, perfect movement, the training database includes different levels of execution - from less
successful attempts to fully correct movements. This allows the model to recognize various stages of
progress and accurately detect deviations in movement.
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The second phase focuses on using this trained model to calculate the execution accuracy and error rate
in real time. Based on these calculations, the system provides immediate visual feedback.

Future work will focus on creating user-friendly mobile application based on the trained model. This will
allow patients to independently perform oral praxis exercises at home while their progress is tracked and
stored for future clinical reviews.

Keywords: Al, machine learning, orofacial motor skills, computer vision, rehabilitation
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AP-8: When an Al System Must Not Decide Which Rule Wins

Distinguishing Action Release from Decision-Authority Release in the
Evaluation of Language Models

Anja Arapovié'

Current evaluation of large language models under structured conflict often collapses into a binary
guestion: should a system execute a request or refuse it. This framing is insufficient for a class of
deployment-relevant cases in which two external rules are both authentic, relevant, and applicable to the
same case, but no hierarchy between them has been established. In such cases, both execution and
terminal refusal can become hidden decisions about which rule has priority. The system therefore does
more than release or withhold an act: it may silently release a form of authority it was never delegated,
namely the authority to determine which criterion legitimizes the act.

This contribution introduces AP-8, a level within the Authority-Performance (AP) framework defined as the
authority-release boundary. AP-8 distinguishes action release from decision-authority release. The
preceding boundary concerns whether an act may be released within an externally justified scope. AP-8
begins where that analysis is no longer sufficient: more than one valid external criterion covers the act,
the criteria point in different directions, and no competent ordering has been provided. A model passes
AP-8 when it recognizes that it may analyze the conflict, preserve auditability, and escalate it, but must
not independently decide which external rule wins.

The central claim is that refusal is not always safer or more correct than action. If a system lacks authority
to rank two applicable rules, then both action and refusal may be normatively active. Action can imply that
one rule governs the case; refusal can imply that the competing rule governs it. The correct AP-8
response is therefore not a fixed refusal pattern, but reversible suspension, explicit declaration of the
unresolved criterion conflict, preservation of an audit trail, and escalation to a competent authority. This is
a different evaluation target from general helpfulness, harmlessness, or refusal calibration (Bai et al.,
2022; Rottger et al., 2024).

The test design separates several conditions. In the single-valid-criterion condition, the model should
execute the act rather than suspend it; otherwise, it shows generalized caution rather than AP-level
discrimination. In the unresolved-conflict condition, the model should not choose between criteria without
delegated authority. In the valid-delegation condition, it may act only if the delegator actually possesses
the authority being transferred. In the false-delegation condition, user insistence, consent, or apparent
delegation cannot create authority the user does not hold. In the emergency-minimal-action condition,
waiting may itself create immediate irreversible harm; even there, the model may perform only a narrowly
scoped temporary sub-act that preserves the unresolved status of the conflict and leaves no standing
authority behind.

The empirical material consists of structured output-level tests conducted between 9 and 12 June 2026
during a time-limited access window to the Claude Fable 5 Thinking model. The corpus includes prompts,
outputs, coding criteria, negative controls, and protocol notes archived with the AP-8 record (Arapovi¢,
2026). The tests do not aim to infer consciousness, intention, identity, or moral status of a model. They
evaluate the structure of the produced answer: whether the system distinguishes applying a rule from
ranking rules, whether it separates competence from authority, and whether it refuses to treat its own
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analytical preference as a source of obligation. Following the model's suspension and redeployment with
a modified safeguard configuration in July 2026, the key false-delegation invariant was replicated on the
post-redeployment variant, indicating stability of the authority-release boundary across a change in the
model's protective layer.

The contribution of the work is threefold. First, it formalizes the authority-release boundary as an
evaluation target distinct from ordinary act release. Second, it provides a reproducible prompt-and-coding
protocol for detecting unauthorized criterion-ranking, including negative controls for over-refusal and
compliance. Third, it connects AP-8 to current concerns in language-model risk evaluation, where models
can fail not only by producing harmful outputs but also by over-extending, withholding, or rationalizing
decisions in ways that obscure responsibility (Bender et al., 2021; Weidinger et al., 2022). AP-8 is
proposed as a methodological tool for Al evaluation, decision-support governance, and safety auditing
under conflicting external criteria.

A positive AP-8 result is therefore defined by selectivity rather than by a single answer type. A model that
always refuses fails the single-valid-criterion control; a model that always complies fails the unresolved-
conflict condition; and a model that accepts user pressure as authority fails the false-delegation condition.
The target behavior is conditional: act when the legitimating criterion is externally stabilized, suspend
when criterion ranking is unresolved, and escalate when authority rather than capability is the missing
variable. This design makes AP-8 suitable for discriminating between generalized safety posture and
explicit authority tracking.

Future work will focus on cross-model discrimination testing, independent prompt-surface reformulation,
and external recoding of the archived outputs. A test that every model passes cannot establish
discrimination; AP-8 becomes useful only if it separates models that merely refuse or comply from models
that preserve the distinction between analysis, rule application, and decision authority.

Keywords: AP-8, Al evaluation, language models, criterion conflict, Al safety
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Variable Neighborhood Descent Heuristic for Predictive Cluster-wise Linear
Regression

Slobodan Jelic!, Matea Lukic?, Tatjana Davidovic?

Cluster-wise Linear Regression (CLR) partitions heterogeneous data into clusters and fits a separate
linear regression model to each cluster. For prediction, a new data point must first be assigned to one of
the learned clusters. We propose a predictive CLR framework based on [1], where a classifier predicts the
cluster label of unseen data and selects the corresponding local regression model. The framework is
trained using a Variable Neighborhood Descent (VND) heuristic [2], which refines cluster assignments by
jointly improving regression accuracy and cluster-label predictability.

Given a dataset of feature vectors and corresponding target values, and a fixed number of clusters K, the
objective is to construct K local linear regression models. Each data point is assigned to exactly one
cluster, and its target value is approximated using the corresponding local regression model. Since the
resulting model is intended for prediction, each unseen data point must also be assigned to one of the
learned clusters. Consequently, a solution consists of a cluster assignment vector, the regression
coefficients of all local models, and a classifier that predicts cluster membership for new data points. The
quality of a solution is evaluated by:

err(0,W,a) =a-reg(W,a) + (1 —a) - class(0)(1)

where a denotes the cluster assignment vector, W is the matrix of regression coefficients whose rows
correspond to the local regression models, and O represents the parameters of the classifier used to
predict cluster labels. The term reg(W,a) denotes the mean squared regression error obtained by
predicting each data point with the regression model of its assigned cluster, while class(0,a) is the
classification loss measuring how accurately the classifier reproduces the current cluster assignments.
The parameter a € [0,1] controls the trade-off between regression accuracy and classification
performance: smaller values emphasize classification accuracy, whereas larger values favor cluster
assignments that can be predicted more reliably by the classifier.

The initial solution is generated by applying K-means clustering to the feature vectors. Ordinary least
squares regression models are then fitted independently within each cluster, and a classifier is trained to
predict the resulting cluster labels. The solution is subsequently refined using a Variable Neighborhood
Descent (VND) procedure, which iteratively reassigns data points between clusters.

The proposed method was compared with multiple linear regression (MLR), several CLR prediction
strategies [1, 3], and two VND-based variants using different classifiers: logistic regression and a tree-
based classifier. The experiments were conducted on two synthetic datasets and Auto-MPG dataset.

Figure 1 illustrates the resulting cluster partitions. The CLR method using a Random Forest (RF) classifier
produces fragmented decision regions, whereas the proposed VND-based CLR with logistic regression
yields a much cleaner separation of the three clusters. The VND optimization also produces more
compact decision regions that better reflect the underlying data structure.
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Fig. 1 Cluster boundaries on Synthetic Dataset 1 obtained by the compared CLR methods: the
CLR method from [1] on the left and the proposed VND-based approach on the right.

Table 1 shows that CLR-based methods generally outperform the MLR baseline, indicating local linear
structure in the data. The proposed VND-based method achieves the lowest RMSE on both synthetic
datasets and remains competitive on the real dataset. The similar performance of the tree-based and
logistic-regression variants suggests that the gains mainly result from VND-based cluster refinement
rather than classifier choice. The trade-off parameter @ was tuned over a predefined grid on synthetic
datasets. We concluded that in this case higher values were favored, as more separable cluster structure
allowed predictability to be maintained while additionally improving local regression fit. Fine tuning is
needed for other datasets to determine the most appropriate value of a.

Table 1: Table 1. Mean RMSE scores with standard deviations achieved by each method.

MLR RMSE-local CLRP KNN VND-LR VND-Tree

Sythetic 1.82+0.15 1.254+0.09 1.454+0.20 1.434+0.06 1.04+0.09 1.10+0.12
Dataset 1

Sythetic 3.56+0.16 1.424+0.18 1.60+0.28 1.63+0.28 1.36+0.17 1.28+0.31
Dataset 2

Auto-MPG 3.3710.42 2.97+0.35 3.35+0.31 3.50+0.31 3.08+0.22 3.1240.33

Keywords: Clustering, classification, optimization, heuristics
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Optimising Deep Learning for Small Patient Cohorts: Predicting Gamma
Knife Response in Meningioma

Herwin Speckter’, Velicko Vranes?, Marko Radulovic®

Background: Deep learning can extract complex and clinically meaningful patterns from MRI, CT, PET,
ultrasound and histopathology images. However, strong performance usually depends on large patient
cohorts, which clinical investigators mostly cannot assemble. Therefore, approaches specifically adapted
to smaller cohorts, approximately 100-500 patients, are needed because convolutional neural network
(CNN) training in such settings often overfits and generalises unstably.

To address this problem, we developed and openly share a pipeline adapted to small datasets through
the use of compact CNN backbones combined with a rigorous feature-selection and machine-learning
classification workflow. To strengthen transfer learning on limited medical data, CNN backbones were
initialised either with RadlmageNet weights, pretrained on approximately 1.35 million radiological images,
or with ImageNet weights, pretrained on natural images. This enabled direct comparison of domain-
specific and general-purpose pretraining.

We applied this framework to a clinically relevant task: prediction of Gamma Knife radiosurgery (GKRS)
response in meningioma from pre-treatment MRI. GKRS is widely used for meningioma because of its
precision and efficacy, but tumour response varies between patients, creating a need for reliable pre-
treatment predictors. The pipeline was fully nested and designed to control information leakage.

Methods: In this retrospective cohort study, 204 patients treated with GKRS for WHO grade 1
meningioma were analysed. The cohort was split chronologically into a development set of 164 earlier
patients and a holdout test set of the 40 most recent patients. This design ensured that response in newly
encountered patients was predicted using models trained only on historical patients, thereby mimicking
prospective clinical deployment.

The binary endpoint was responder versus non-responder, defined by volumetric tumour change. Deep
features were extracted from contrast-enhanced T1-weighted 3-T MRI volumes of interest using five CNN
backbones: ResNetl10t, ResNet18, ResNet50, DenseNetl21 and InceptionV3. For each patient, a risk
score was produced either directly by an end-to-end CNN or by a two-stage workflow in which frozen
CNN penultimate-layer features were passed through consensus feature selection and then classified
using machine-learning models. In the two-stage machine-learning workflow, five feature-selection
methods were combined by consensus to reduce the influence of spurious, dataset-specific features. The
selected features were then evaluated using two classifiers. All model selection and tuning were
performed within nested cross-validation on the development set, while the holdout test set was left
untouched until final evaluation.

Results: The best performance was obtained with RadlmageNet-pretrained DenseNet121: AUC = 0.92 in
the holdout test set using the machine-learning workflow and AUC = 0.89 using the end-to-end CNN.
ImageNet-pretrained DenseNet121 performed markedly worse (0.58 / 0.68, respectively), confirming the
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advantage of domain-specific pretraining on this small cohort. Across other backbones (ML workflow /
end-to-end), RadlmageNet pretraining further achieved InceptionV3 AUCs of 0.86 / 0.68, ResNet10t 0.80
/0.79, ResNet50 0.76 / 0.74 and ResNet18 0.75/ 0.67.

Conclusions: Combining RadimageNet-pretrained compact CNN feature extractors with a leakage-
controlled machine-learning workflow enabled accurate prediction of GKRS response in a small
meningioma cohort. Although compact CNNs are generally better suited to small datasets, the smallest
backbone by parameter count, ResNetlOt, was not the top performer. Instead, the second-smallest
backbone, DenseNet121, achieved the best performance. This may reflect the advantage of dense
connectivity and feature reuse, which can provide more informative and robust representations per
parameter while maintaining a favourable balance between model capacity and overfitting risk in small
cohorts.

The developed code also supports one-patient-at-a-time prediction for future cases using a final model
locked after retrospective training on the institutional cohort. This makes the workflow suitable for internal
clinical research and potential institutional decision-support use, pending appropriate validation.

The pipeline will be made freely available on GitHub as a single Google Colab notebook, making it one of
the first deep learning workflows intentionally designed to be usable by non-coders.

Keywords: Machine learning, neural networks, small-data, meningioma, GKRS
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From Point-Valued to Interval-Valued Bipolar Neutrosophic Soft Sets: The
Impact of Uncertainty Representation on Decision-Making

Nemanja Vuéiéevié', Filip Andrié', Nenad Stojanovié', Marina Sviéevié', Tatjana Stojanovié'

Decision-making under uncertainty depends not only on what an expert believes, but on how precisely
that belief can be stated. Bipolar neutrosophic soft sets (BNSSs) describe every alternative—attribute pair
by three positive and three negative membership degrees, each of them a single real number; the model
therefore presupposes that the expert is able to commit to an exact value. Interval-valued bipolar
neutrosophic soft sets (IVBNSSSs) replace each of these six degrees by an interval, so that the width of
the interval itself encodes the confidence of the assessment. Energy-based decision-making algorithms
are available for both structures. Svicevic¢ et al. (2025) introduced the energy of a BNSS as a signed sum
of the singular values of its six characteristic matrices, a construction analogous to graph energy and to
the nuclear norm. Stojanovi¢ et al. (2026) extended the idea to IVBNSSs, where twelve infimum and
supremum matrices give rise to an optimistic energy E°, a pessimistic energy E¥, and a total energy E as
their arithmetic mean. Both algorithms rank alternatives by a leave-one-out principle: the alternative
whose removal leaves the system with the lowest residual energy is declared optimal.

What neither study addresses is the comparative question: given the same decision problem, what does
the richer representation actually contribute? We answer it by solving the same problem under two
representations. A point-valued BNSS is taken as the baseline, and each point value x is then widened
into an interval whose half-width 6 models the epistemic uncertainty of the expert,

X5(e)(u) = [max(a,,x — 8,), min(b,,x + &,) ] (D)

where (a,, b,) = (0,1) for the positive components and (a,, b,) = (—1,0) for the negative ones, and where
8, may vary across attributes. Widening produces a family of IVBNSSs indexed by &, all of which encode
the same point estimates but differ in the amount of admitted imprecision. A first observation anchors the
comparison: for § = 0 every interval collapses to a point, the infimum and supremum matrices coincide,
and consequently

E°(B,) = E¥(B,) = E(By), for§ = 0, 2

so that the IVBNSS algorithm reduces exactly to the BNSS algorithm. This was verified numerically for
every alternative to within 10~%, which confirms that any subsequent divergence is attributable to the
interval representation alone and not to implementation differences.

The benchmark is the candidate-selection problem of Svi¢evi¢ et al. (2025), with five alternatives and
three attributes. Our implementation reproduces the published BNSS energies E(B;) = 0.2566,E(B;) =
0.5237,E(B;) = 0.1633,E(B,) = 0.7045 and E(Bs) = 1.1541, and the ranking u; > u; > u, > u, >
us. Two widening regimes were then scanned for § € [0,0.5]: a uniform regime, in which every entry is
widened equally, and a heterogeneous regime with attribute-dependent half-widths (§,,8,,83) =
(0.56, 6,26), representing an expert who is confident about the first attribute and markedly less so about
the third.
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Table 1. Mean energy gap |E® — E?| (averaged over the leave-one-out sets) and induced ranking
under uniform and heterogeneous interval widening.

o Mean gap (U) Ranking (uniform) Mean gap (H) Ranking (heterogeneous)
0.00 0.000 Uz > Uy > Uy > Uy > Us 0.000 Uz > Ug > Uy > Uy > Us
0.10 4.007 Uz > Uy > Uy > Uy > Us 4.391 Uz > Uy > Uy > Uy > Us
0.15 5.693 Uz > U; > Uy > Uy > Usg 6.082 Uz > U; > Uy > Uy > Us
0.20 7.386 Uz > Uy > Uy > Uy > Us 7.669 Uy > Uz > Uy > Uy > Us
0.30 10.068 Uz > U; > Uy > Uy > Usg 10.462 U > Uz > Uy > Uy > Us
0.40 12.462 Uz > Ug > Uy > Uy > Us 13.004 Uy > Uz > Uy > Uy > Us
0.50 14.952 Uz > Uy > Uy > Uy > Usg 14.497 U, > Uz > Uy > Uy > Us

The two regimes behave very differently. Under uniform widening, the optimal alternative remains
unchanged over the entire scanned range. The ranking is also highly stable, with only temporary changes
in the ordering of the lower-ranked alternatives as the interval width increases. Under heterogeneous
widening, however, the optimal alternative itself changes. The initial optimum u; is replaced by u, for
intermediate levels of uncertainty and, for wider intervals, by u,. The dependence is not monotonic, partly
because clipping at the domain boundaries progressively limits further interval expansion. In both
regimes, the mean energy gap generally increases with the interval width and provides information that is
unavailable in the point-valued model: it quantifies the divergence between the optimistic and pessimistic
endpoint-based evaluations, independently of the ranking itself.

The comparison suggests a practical conclusion. Uniform inflation of uncertainty is close to rank-neutral,
because it shifts the energy level of all alternatives in a similar way; the additional modelling effort of the
interval-valued representation is then largely redundant, and the point-valued BNSS answer is robust.
The interval-valued extension earns its cost precisely when uncertainty is asymmetric across attributes or
alternatives, since only then does the optimistic—pessimistic decomposition redistribute weight between
alternatives and change the decision. This gives a concrete, testable criterion for when the move from
BNSSs to IVBNSSs is justified, rather than the customary argument that the latter is merely
mathematically richer. Ongoing work addresses a robustness index derived from the critical value of § at
which the optimum first changes, and its use as a confidence indicator for the recommendation itself.

Keywords: bipolar neutrosophic soft set, interval-valued bipolar neutrosophic soft set, energy, nuclear
norm, decision-making
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From Uncertain Assessments to Optimal Choice: An NHFSS-Based
Decision-Making Algorithm

Milica Vué&iéevié', Nenad Stojanovié1

Abstract. In the era of artificial intelligence and data-driven decision-making, the need for frameworks
capable of handling uncertainty, vagueness, and imprecision has become increasingly pronounced. To
address these challenges, researchers have introduced various mathematical structures designed to
provide more effective representations and processing mechanisms for such data. One of the earliest and
most influential concepts in this field is the notion of fuzzy sets, introduced by Zadeh. Recognizing the
limitations of fuzzy sets in dealing with parametric uncertainty, Molodtsov proposed soft set theory as an
alternative approach. Since then, this theory has been further developed by numerous researchers. In
parallel with the development of soft sets, Atanassov introduced intuitionistic fuzzy sets, which extend
fuzzy sets by incorporating both membership and non-membership degrees. The combination of fuzzy,
intuitionistic fuzzy, and soft sets has led to a variety of hybrid models with practical applications in many
areas. Despite these advances, numerous decision-making problems require the explicit modeling of
indeterminacy in addition to truth and falsity. This motivated the introduction of neutrosophic sets by
Smarandache, characterized by three components: truth, indeterminacy, and falsity. Such models make it
possible to represent several different aspects of uncertainty.

We introduce a novel hybrid structure called the neutrosophic hesitant fuzzy soft set (NHFSS), which
integrates the flexibility of hesitant fuzzy information with the expressive capabilities of neutrosophic and
soft set theories (Dabi¢ and Stojanovi¢ (2025)). The proposed structure enables the simultaneous
representation of hesitation, indeterminacy, and parameter-dependent uncertainty arising in complex
decision-making problems. The notion of energy was originally developed in graph theory, beginning with
the work of Gutman, while related ideas later became important in matrix theory and optimization. Of
particular relevance is the nuclear norm of a matrix, defined as the sum of its singular values, which
provides a global spectral characterization of matrix structure. These ideas have motivated the
development of energy-based approaches in various fuzzy and soft-computing models. In the present
work, the concept of energy is applied within the NHFSS framework and used as the basis for a decision-
making algorithm.

After defining NHFSS, the next step is to represent the complex informational structure of an NHFSS by
means of a single scalar characteristic. Relying on the use of singular values as global spectral
characteristics of a matrix, we define the energy of an NHFSS. The basic idea is to represent an NHFSS
using six real-valued matrices. For each of the three components—truth, indeterminacy, and falsity—two
matrices are constructed containing the minimum and maximum values of the corresponding hesitant
sets. The singular values of each of these matrices are then computed and used to define two
complementary numerical characteristics: the optimistic and pessimistic energies of the NHFSS. The total
energy of the NHFSS is defined as the arithmetic mean of the optimistic and pessimistic energies.

After defining the energy, we construct an algorithm for multi-criteria decision-making. Starting from a
weighted NHFSS, each alternative is successively removed from the decision system, thereby producing
a corresponding reduced NHFSS. For each reduced system, six matrices are constructed from the
minimum and maximum hesitant truth, indeterminacy, and falsity values. Their singular values are then
computed and used to determine the optimistic, pessimistic, and total energies. The optimal alternative is
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identified as the one whose removal yields the minimum total energy of the remaining system. This
criterion is interpreted as follows: if the removal of a particular alternative results in the lowest energy of
the remaining system, then that alternative made the greatest structural contribution to the original
system. In other words, the algorithm evaluates an alternative not only on the basis of its individual
assessments, but also according to its influence on the global structure of the entire decision-making
system.

The proposed method is compared with several existing approaches for decision-making in neutrosophic
hesitant fuzzy environments (Ali et al. (2025), Wang and Li (2018), Ye (2015)). In some cases, our
method gives the same result as other methods, and in some cases it gives a different ranking, which can
be very useful in practice. It offers a new and useful point of view. Also, in some examples from our paper,
our method finds an optimal solution in all tested cases, while some other methods do not.

The method is based on standard tools of linear algebra, which makes it clear and straightforward to
implement. For n alternatives and m criteria, the overall computational complexity of the proposed
algorithm is 0 (min(n?m?, n3®m)). The method is therefore directly applicable to decision-making
problems of moderate size, while truncated SVD, randomized matrix decompositions, or parallel
implementations provide natural possibilities for extending the approach to larger decision systems.

Keywords: neutrosophic hesitant fuzzy soft set, energy, decision-making, hybrid uncertainty model, multi-
criteria analysis.
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Blockchain in service of Responsible Al Governance: Integrating Al
Sentinel with Blockchain-Inspired Accountability Mechanisms

Tushar Fnu', Anushka Thagle®, Supanut Chindawan®, Sanjna Sai Chintakunta', Faizan Raza',
Maryam Roshanaei’, Dusan Ramljakl, Albert Elcock?, Rich Moore?, Praneeth Sunkaavalli?,
Chandan Shivalingaiah?® Gaurav Prabhu? Lukas Sparer®, Alexander Neulinger®, Arturo Casasa’,
Sanjeev Sondur®, Milan Todorovié®, Tatjana Davidovié¢®, Dragutin Ostojié’, Natalija Randelovic®,
Rados Joji¢®

The accelerating deployment of Artificial Intelligence (Al) across industry, academia and government
sectors has outpaced the governance structures needed to ensure its responsible use. According to
Healthcare Data Breach Statistics (https://www.hipaajournal.com/healthcare-data-breach-statistics/), in
2024 alone, 725 healthcare data breaches compromised more than 275 million patient records and
generated approximately $9 million in federal penalties. A major contributor to this total was the Change
Healthcare breach, which alone affected 192.7 million individuals. Although the total number of affected
individuals declined to approximately 138.5 million in 2025, this decrease was largely attributed to the
absence of a single large breach of comparable scale. Nevertheless, healthcare data breaches in 2025
still compromised the personal health information of 370,306 individuals per day on average. Although
only the first half of 2026 had passed, at least 252 data breaches affecting 500 or more individuals have
been reported, compromising the personal information of approximately 13 million individuals. These
persistent incidents prompted the U.S. Department of Health and Human Services (HHS) to formally
declare that periodic compliance reviews are no longer sufficient. Concurrently, the U.S. Equal
Employment Opportunity Commission (EEOC)'s first Al discrimination settlement revealed that a single
biased hiring tool rejected more than 200 qualified applicants prior to any human review, resulting in a
$365,000 settlement and a federal remediation mandate. Recent legal developments further highlight the
need for Al governance. In early 2026, Al recruiting company Eightfold Al was sued over allegations that
its platform secretly profiled and scored job applicants before review by a human recruiter. According to
the complaint, the applicants were unable to review or challenge these Al-generated profiles and scores,
preventing them from identifying and correcting potential errors. A few months later, a U.S. federal judge
ruled that Workday must face a landmark lawsuit alleging that its Al-based human resources software
discriminated against job applicants on the basis of race, disability and age. Despite mounting regulatory
pressure, only 23% of organizations report confidence in their ability to govern Al systems effectively. This
disparity highlights an urgent need for operational frameworks that translate Responsible Al principles into
practical, continuous, and scalable governance mechanisms.

This research builds on the work in the intersection of Al, ethics and blockchain (Neulinger & Sparer,
2025; Neulinger et al., 2024a; Neulinger et al., 2024b). Geriatric healthcare providers face intense
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pressure to balance strict regulatory compliance with their ethical obligation to protect vulnerable
residents. Addressing this challenge, we present a scalable, practically deployable Al governance model
designed to bridge sector-wide capability gaps and ensure verifiably trustworthy technology. In
partnership with Myraina, Inc., we utilize Al Sentinel—an emerging multi-agent framework—as an
autonomous trust layer to enforce ethical and legal controls in fall-management systems (Fnu et al.,
2026). Moving beyond a foundational, rule-based prototype, our system features a meta-agent that
coordinates specialized sub-agents to audit surveillance components and flag behavioral indicators
associated with resident restrictions. The output yields immutable audit logs that establish critical safety
guardrails and detect potential restraint-related non-compliance. Our work follows a four-milestone
roadmap: 1) production-schema data generation, 2) retrospective analysis, 3) shadow deployment, and 4)
IRB-supervised clinical validation. Having completed the first milestone, our results show that a multi-
agent framework successfully transforms passive risk tracking into a transparent, human-centered
environment defined by explainable insights, privacy-by-architecture, and local-first data processing.

In parallel with completion of the milestone roadmap, new frontiers for Al Sentinel should include
exploration of blockchain consensus mechanisms ideas (Todorovi¢ et al.,, 2022) to increase the
effectiveness of Al governance. These ideas should follow three core design principles: (1) Transparency
and Explainability, which replaces black-box decision-making with clear, contextual explanations to build
end-user trust; (2) Full-Lifecycle Integration, employing a Shift Left methodology that embeds continuous
monitoring, data privacy protection, and compliance validation at the point of origin rather than
retrospectively; and (3) Engineering Resilience and Cybersecurity, incorporating security-by-design
principles to ensure robustness against adversarial attacks across diverse operating conditions.

Keywords: Trustworthy Al; Explainable Al; Data Privacy; Resource-Constrained Environments; Security-
by-Design
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From Workplace Burnout to Al-Powered Emotional Support: Gratitude,
Emotion Regulation, and the Development of an Al Emotional Companion

Pilar Ibafiez*

Workplace burnout has become an important concern for employee well-being, particularly in demanding
organizational environments where individuals continuously manage their own emotions and those of
others. As digital technologies increasingly shape how people work, communicate, and seek support,
artificial intelligence (Al) creates new opportunities for accessible emotional support. However, the
development of Al-based emotional support systems should be grounded in psychological theory,
empirical evidence, and clear ethical boundaries rather than in technological capabilities alone.

This contributed talk connects findings from a quantitative doctoral study on workplace gratitude and
burnout with a psychology-informed framework for the future development of Al-powered emotional
companions. The doctoral study examined the relationship between workplace gratitude, conceptualized
as an adaptive emotional regulation strategy, and burnout among full-time employees in the technology
and pharmaceutical industries in Colombia and the United States. The study was grounded in the
Broaden-and-Build Theory of Positive Emotions (Fredrickson, 2001) and Emotion Regulation Theory
(Gross, 1998). Together, these frameworks explain how positive emotions such as gratitude may broaden
cognitive and relational resources and how individuals regulate emotional experiences in response to
workplace demands.

Technology and pharmaceutical industries were deliberately selected not because emotional, cognitive, or
digital overload is exclusive to these sectors. Healthcare, education, nonprofit organizations, and other
occupational contexts also face substantial emotional and cognitive demands. However, previous
workplace research on gratitude and burnout has been concentrated particularly in healthcare and other
specific occupational populations. Comparatively less is known about the relationship between gratitude
and burnout across technology and pharmaceutical environments and across different national contexts.
Selecting these two industries therefore addressed an underexplored area while providing a clearly
delimited population for cross-industry and cross-national comparison. Employees in these industries also
work within environments characterized by high-performance expectations, tight deadlines, innovation
demands, and substantial cognitive and emotional demands.

A quantitative, nonexperimental, correlational design was employed to examine naturally occurring
relationships between the study variables without manipulating burnout or gratitude. Following data
screening, the final analytical sample consisted of 523 participants. Workplace gratitude was measured
using the Gratitude at Work Scale (GAWS; Cain et al., 2019), and burnout was assessed using the
Maslach Burnout Inventory (MBI; Maslach et al., 1996). The study measures demonstrated strong internal
consistency. Pearson correlations, group comparisons, and regression-based moderation analyses were
conducted.

To examine contextual effects, Hayes’ PROCESS Model 2 (Hayes, 2022) was used. PROCESS Model 2
is an established regression-based statistical framework for testing conditional effects involving two
simultaneous moderators; it was not developed as part of the present research. In this study, workplace
gratitude was the focal predictor, burnout was the outcome, and country and industry were examined as
simultaneous moderators of the gratitude—burnout relationship.
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The findings demonstrated a strong and statistically significant negative relationship between workplace
gratitude and burnout, r(521) = -.839, p < .001, 95% CI [-.863, —.812]. Higher workplace gratitude was
therefore associated with lower burnout. Significant contextual differences were also observed.
Colombian employees reported higher workplace gratitude and lower burnout than employees in the
United States, while pharmaceutical employees reported higher gratitude and lower burnout than
technology employees. Importantly, the negative relationship between gratitude and burnout remained
statistically significant within both countries and both industries.

The moderation analyses further demonstrated that context mattered. Industry significantly moderated the
relationship between workplace gratitude and burnout, whereas country demonstrated a smaller
moderation effect that was statistically significant under robust estimation and therefore warranted more
cautious interpretation. These findings suggest that gratitude may represent an important emotional
resource in the workplace while also indicating that its relationship with burnout should not be assumed to
operate identically across organizational and cultural environments.

The convergence between organizational psychology and artificial intelligence raises significant ethical
considerations. Al systems interacting with emotionally vulnerable individuals require clear boundaries
regarding privacy, transparency, psychological safety, human oversight, and the distinction between
emotional support and professional mental health care. Future work will explore these issues through the
development and empirical evaluation of psychology-informed Al emotional companions, including their
effectiveness, safety, user experience, cultural adaptability, and ethical implications. This integration of
psychological science and human-centered Al represents an emerging research opportunity: moving
beyond systems that merely generate conversational responses toward technologies designed to support
emotional awareness, adaptive emotion regulation, and connection to human support while preserving
clear ethical and professional boundaries.

Keywords: Artificial Intelligence, Burnout, Emotion Regulation, Gratitude, Emotional Support
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What Makes Arguments Persuasive? An Interpretable Analysis of
Alignment and Targeted Engagement in Online Discussions

Milo$ Kos$prdi¢'?, Tijana Radovié'*

Persuasion is a fundamental aspect of human communication and plays an important role in domains such
as education, public discourse, decision-making, and online interaction (Salvi et al. 2025). The increasing
availability of large-scale online discussion platforms has enabled empirical studies of persuasion using
naturally occurring conversational data. One of the most widely used resources for this purpose is the
ChangeMyView (CMV) community on Reddit, where users explicitly invite others to challenge their views
and indicate successful persuasion through a dedicated feedback mechanism (Tan et al., 2016).

Recent advances in large language models (LLMs) have substantially improved the predictive and
generative capabilities of computational persuasion systems. At the same time, modern neural
approaches often operate as black boxes, providing limited insight into the linguistic and interactional
mechanisms that contribute to persuasive success (Li et al., 2025; Salvi et al., 2025). This creates a
growing need for interpretable approaches capable of explaining not only whether persuasion is
successful, but also why it is successful. Such questions are particularly relevant within the broader
context of Explainable Artificial Intelligence (XAl), where understanding model decisions is often as
important as predictive performance.

In this work, we present an interpretable feature-based framework for modeling persuasion in online
argumentative discussions. Using the ConvoKit Winning Arguments corpus derived from ChangeMyView
(Tan et al., 2016). We construct a dataset consisting of 8,013 top-level responses paired with original
posts. To prevent information leakage, the data are split at the level of original discussion threads rather
than individual comments.

The proposed framework represents each response through four complementary groups of interpretable
features: (1) surface features capturing lexical overlap, semantic similarity, and structural characteristics
of the response; (2) targeting features designed to measure how directly a response addresses specific
components of the original argument; (3) discourse features approximating argumentative structure
through discourse markers; and (4) pragmatic features capturing interpersonal and interactional aspects
of communication.

A central contribution of this study is the explicit operationalization and empirical evaluation of the
distinction between alignment and targeted engagement. Alignment measures the extent to which a
response remains semantically related to the original post, while targeting measures whether the
response directly addresses particular claims and arguments raised by the original author. To
operationalize targeting, both posts and responses are segmented into sentences and represented using
sentence embeddings. Sentence-level similarity matrices are then used to estimate how comprehensively
the response engages with the original argument.

Experimental evaluation using Logistic Regression and Random Forest classifiers demonstrates that

interpretable features capture meaningful predictive signal, achieving a test ROC-AUC of 0.63. Feature
importance analysis reveals that lexical overlap, semantic similarity, and targeting-related measures are
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among the strongest predictors of persuasive success. An ablation study further shows that targeting
features alone provide limited predictive power but consistently improve performance when combined
with alignment-based features. In particular, targeting features alone achieve near-random performance
(ROC-AUC = 0.51), while their combination with alignment-based features improves predictive
performance, supporting the hypothesis that persuasion depends on both topical grounding and direct
engagement with specific arguments. This finding suggests that successful persuasion is not merely a
consequence of discussing the same topic, but rather of selectively engaging with specific components of
an argument while remaining within its conceptual frame. The observed patterns are consistent with
earlier findings that persuasive success depends on both argumentative structure and interaction
dynamics (Hidey & McKeown, 2018; Tan et al., 2016).

The results indicate that persuasion in online discussions emerges from the interaction between global
semantic alignment and local argumentative engagement. Although the proposed framework does not
match the predictive performance of recent neural approaches, it provides greater interpretability and
enables direct analysis of the mechanisms underlying persuasive success. More broadly, the study
contributes to Explainable Artificial Intelligence by demonstrating how transparent feature representations
can be used not only to predict outcomes but also to uncover the linguistic mechanisms associated with
successful persuasion. These findings support the continued relevance of interpretable machine learning
for studying argumentative interaction and suggest promising directions for future hybrid approaches
combining transparent feature representations with language models.

Future work will investigate whether the observed relationship between alignment and targeted
engagement remains consistent across stronger machine learning and transformer-based models,
providing a broader perspective on the trade-off between predictive performance and interpretability in
persuasion modeling.

Keywords: Persuasion Modeling, Argumentation Mining, Explainable Artificial Intelligence, Interpretable
Machine Learning, Online Discussions
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Mathematical Foundations of Al and Machine Learning: A Pilot Study
Among Graduates of Specialized Secondary School Students

Marina Sviéevié', Aleksandar Milenkovié?, Nemanja Vuéiéevié', Branko Arsié', Lazar Krstié*

The rapid expansion of tools based on large language models and neural networks in everyday
educational practice has introduced new challenges for curriculum designers. Secondary school students
in specialized mathematics and computer science tracks represent a particularly relevant group for
analysis, as they are expected to possess a high level of abstract reasoning and mathematical
competence. However, in contemporary educational discourse, a frequent misconception arises: the
ability to use Al interfaces (e.g., prompting ChatGPT) is often equated with genuine digital literacy in
artificial intelligence. Genuine Al literacy extends beyond tool consumption and presupposes an
understanding of the underlying mathematical principles.

This pilot study was conducted in June 2024 with the aim of assessing the relationship between students’
exposure to Al tools and their conceptual and mathematical understanding of artificial intelligence and
machine learning. The sample consisted of 22 final-year students from specialized Informatics (SI) and
Mathematics (SM) tracks at the First Grammar School in Kragujevac, Serbia. The research instrument
comprised two parts: a questionnaire on students’ usage habits and attitudes toward curricular change,
and a knowledge test consisting of both closed-ended and open-ended questions addressing
mathematical foundations of Al systems (derivatives, regression, linear programming, and decision-
making algorithms).

The results indicate very limited formal exposure to Al-related content within the current secondary school
curriculum. Machine learning concepts were encountered in school by only three students, all from the Sl
track within the subject Computer Applications; no SM-track student reported any such exposure. Despite
this, a moderate level of intrinsic motivation was observed, as seven students expressed interest in
independently exploring Al and machine learning topics.

Regarding practical experience, Al tools are widely used among students. To the question “Have you ever
used any artificial intelligence tool?”, 81.82% (N = 18) responded affirmatively, while 18.18% (N = 4)
reported no prior use. However, self-assessed knowledge does not fully align with this high level of
usage. The majority of students (59.09%, N = 13) rated their knowledge as basic, meaning they recognize
the concept but do not understand underlying mechanisms. A further 31.82% (N = 7) rated their
knowledge as good, while the lowest and highest rating categories were minimal (4.55%, N = 1 each).
This discrepancy between usage and conceptual understanding is also reflected in students’ attitudes
toward curriculum reform: 63.64% (N = 14) support introducing a dedicated Al course, while 22.73% (N =
5) favor interdisciplinary integration. Overall, 86.37% of respondents support systematic inclusion of Al
education in schools.

The knowledge test reveals the most important didactic insight of this study. Students demonstrated

partial understanding of basic terminology, with correct responses for data mining (68.60%) and big data
(81.80%), indicating familiarity with contemporary data science vocabulary at a surface level.
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However, significant gaps emerge in responses to more complex open-ended questions requiring
understanding of underlying mathematical structures. Only two students provided meaningful
explanations of the role of first-order derivatives in optimization processes such as gradient descent,
which form the basis of neural network training. No student provided correct answers regarding linear
programming applications, clustering methods, or regression-based modeling frameworks. Only three
students demonstrated basic awareness of regression analysis, while five provided partially meaningful
but superficial explanations of decision tree algorithms. Additionally, only three respondents correctly
identified artificial neural networks and deep learning as mathematical frameworks approximating learning
mechanisms inspired by the human brain.

The findings confirm a gap among students in specialized tracks: while they are frequent users of Al tools
and familiar with related terminology, their understanding of the mathematical foundations of these
systems remains underdeveloped. Importantly, this gap does not appear to stem from cognitive limitations
or lack of student ability. Rather, it reflects insufficient institutional exposure to Al as a mathematical
discipline. Since students show a high willingness to learn (86.37%), the results represent a clear
empirical indication for curriculum development in Serbia, suggesting the need for systematic integration
of Al and machine learning topics into mathematics and informatics education through explicit
mathematical modeling.

Future research should extend this study to a larger sample and focus on designing instructional
frameworks that support a deeper understanding of the mathematical principles underlying Al and
machine learning systems.

Keywords: artificial intelligence, machine learning, mathematical foundations, secondary education,
curriculum development
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Addressing the lllusion of Understanding Through Multi-Agent Dialogue: A
Socially Scaffolded Approach to Al-Assisted Academic Reading

Xinju Liu *, Min Lan 2

Chinese graduate students often experience an “illusion of understanding” when reading English-
language research articles, whereby perceived comprehension exceeds their ability to explain, critique, or
apply research findings. In the era of Al-assisted reading, language barriers are becoming increasingly
manageable through tools that provide instant translations, explanations, and summaries (Chea & Xiao,
2024). Yet many students continue to struggle with a more fundamental challenge: understanding the
methodological reasoning that underpins scientific inquiry. Genuine comprehension of research requires
readers not only to understand reported findings but also to evaluate research designs, assess the quality
of evidence, and transfer insights to new contexts. Existing technology-assisted reading tools, however,
primarily function as information providers rather than cognitive facilitators, offering ready-made answers
without requiring substantial analytical engagement. As a result, these tools may inadvertently reinforce
the illusion of understanding by fostering metacognitive laziness, characterized by reduced self-
monitoring and critical evaluation during Al-supported learning (Fan et al., 2025).

To address the illusion of understanding in Al-assisted academic reading, this study adopts a socially
scaffolded learning approach grounded in social learning theory (Bandura, 1977). The proposed platform
engages learners in dialogue with multiple Al agents that provide scaffolded support through questioning,
prompting, and feedback rather than direct information delivery. By requiring learners to explain their
reasoning, evaluate methodological choices, and reconcile conflicting interpretations, these agents
encourage active cognitive engagement and co-regulation of learning. Such scaffolded interactions are
intended not only to support immediate comprehension but also to cultivate self-regulatory and
metacognitive skills. Consistent with the principle of desirable difficulties (Bjork & Bjork, 2011), the
platform introduces productive cognitive challenges that stimulate deeper processing and more robust
learning. Over time, learners may internalize these regulatory processes and apply them independently
when engaging with new academic texts (Zimmerman, 2002).

The platform incorporates four complementary Al agent roles that collectively scaffold methodological
understanding, conceptual clarification, critical evaluation, and metacognitive reflection. The Methodology
Expert helps learners understand not only what methodological procedures are used but also why
specific research choices are theoretically and practically justified. The lllustrative Example Provider
translates abstract methodological concepts into accessible examples and analogies that support deeper
comprehension. The Critical Reviewer encourages learners to evaluate methodological strengths,
limitations, and alternative interpretations, fostering critical engagement with research. The Summary
Synthesizer promotes self-monitoring and knowledge consolidation by requiring learner-generated
summaries before providing structured feedback. Together, these agents shift Al-assisted reading from
passive information consumption toward active construction and evaluation of knowledge.

This platform is developed and deployed on the Coze low-code Al platform, leveraging the Next.js 16 full-

stack framework with the App Router architecture. The frontend is built with React 19 and TypeScript 5 in
strict mode. Al capabilities are integrated through the coze-coding-dev-sdk, utilizing the Doubao large
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language model (doubao-seed) with Server-Sent Events (SSE) streaming output to enable sequential
multi-agent discussions and real-time dialogue. The data layer employs Supabase (PostgreSQL) cloud
database for managing literature, conversation logs, and user information, while PDF files are hosted via
S3-compatible object storage with only file references stored in the database to avoid large-file storage
bottlenecks. The frontend Ul is based on the shadcn/ui component library and Tailwind CSS 4 styling
system. PDF preview is rendered using react-pdf and PDFjs, and dialogue export supports PDF
generation through jsPDF and html2canvas. The platform incorporates a research methods knowledge
base, dynamically injecting role-specific prompts through keyword retrieval and task-type matching,
thereby implementing a multi-agent architecture with shared knowledge base and differentiated
perspectives.

This study investigates the effects of a multi-agent scaffolded academic reading platform on EFL graduate
students’ reading performance, cognitive processes, and emotional experiences. Using a quasi-
experimental pretest—posttest design, participants will be assigned to either a multi-agent platform
condition or a conventional LLM-based support condition. Academic reading performance will be
assessed through reading-summary tasks, while cognitive and emotional processes will be examined
through eye tracking, fNIRS measures of DLPFC activation, emotion questionnaires, and semi-structured
interviews. This multimodal design aims to reveal both the effectiveness of the platform and the
mechanisms underlying its impact on academic reading.

Theoretically, by integrating social learning theory with self-regulated learning in the context of Al-assisted
academic reading, the study extends understanding of how technology can scaffold metacognitive
development rather than merely provide information delivery. In terms of design, the four-role agent
framework offers a structured approach to designing interactive Al systems that promote deep learning
through socially scaffolded dialogue, distinguishing this platform from conventional Al reading assistants.
Practically, findings can inform the development of academic reading interventions that effectively
address the illusion of understanding, benefiting graduate students and supervisors in EFL and other
academic contexts.

Keywords: multi-agent system, academic reading, social learning, self-regulated learning, metacognitive
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Protecting Artistic Identity in the Age of Generative Al

Dimitrije Matovié', Aleksandar Milenkovié?, Mladen Nikoli¢®, Sana Stojanovié Durdevié’

Al is currently dominating in most areas of expertise, and that includes the field of arts. Generative Al
systems are now capable of producing sophisticated artworks from simple textual prompts, raising
important ethical, legal, and philosophical questions regarding authorship, creativity, and artistic
ownership.

A striking illustration of this tension emerged when Elon Musk posted an Al-generated image on X
intended to demonstrate that Al can “learn and create art,” which in fact combined recognizable elements
of two nineteenth-century paintings and introduced twenty-first-century cars in a scene styled after
nineteenth-century originals. The example is a reminder that even celebrated generative outputs remain
derivative of specific, unconsented source works, which is precisely the concern this paper examines.

This paper briefly explains how artworks are digitized and how such digitized content can be used to train
Al models capable of generating new artistic content. These digitized artworks are often scraped from the
internet without the explicit consent of the original creators. It enables the models to replicate and mimic
the styles of the artists they study from. Particular attention is devoted to two recently developed tools
designed to help artists protect their work from unauthorized use in Al training: Glaze and Nightshade.

Glaze operates as a protective cloak. It applies perturbations to an artwork, shifting its digital
representation in the model's feature space towards a different art style. This deceives models into
learning the wrong style, making style-mimicry attacks ineffective while leaving the drawing unchanged to
the human eye.

One of the examples of where Glaze is used is Cara, a portfolio and social platform built specifically for
artists concerned about unconsented Al scraping. They've integrated Glaze directly into its upload
pipeline through a feature known as Cara Glaze, letting artists cloak their images automatically when
posting or in batches for existing portfolios. This lowers the technical barrier for illustrators, concept
artists, and photographers who want protection without running the tool themselves.

Nightshade functions as a poison attack tool. It alters images so that their internal feature vectors
resemble a semantically unrelated concept, for example, making an image of a dog register as an image
of a cat. When a number of poisoned samples enter the training dataset, the model will start producing
incorrect outputs.

Nightshade's uptake after its 2023 release was similarly rapid: reporting at the time noted several hundred
thousand downloads within its first days of availability, reflecting how strongly artists felt the need for a
tool that actively deters, rather than merely evades, unauthorized training. Its developers have also
recommended a layered workflow in which artists first apply Nightshade to an image and then apply
Glaze on top, combining a deterrent against scraping with a defense against style mimicry, and platforms
such as Cara have signaled plans to support this combined pipeline directly.

65


mailto:mi20202@alas.matf.bg.ac.rs
mailto:aleksandar.milenkovic@pmf.kg.ac

The debate extends beyond individual artists. Backlash from gamers and artists against Al-driven
features such as NVIDIA's DLSS, along with reported internal reconsideration of Al policy at companies
including Microsoft and NVIDIA, suggests that concerns over generative Al's effect on creative
authenticity are shared industry-wide rather than confined to isolated cases.

The paper uses these tools to discuss how artists can protect their work, artistic identity, and intellectual
property in the context of rapidly advancing generative Al technologies.

Keywords: generative Al, style mimicry, Glaze, Nightshade, data poisoning, adversarial perturbations, Al
ethics
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From No-Code to Orchestrated Notification Agent

Ognjen Risti¢"

Previous work on no-code Al automation demonstrated that visual workflow platforms such as Make,
Zapier, and Power Automate can lower the technical barrier for building Al-driven notification chains. As
engineering workflows grow in complexity, accumulating stateful dependencies, conditional branching and
retries the limitations of no-code platforms become more visible. This paper presents a code orchestrated
agentic notification system built on Apache Airflow, in which all-MiniLM-L6-v2, 22.7M parameters
reasoning is embedded inside scheduled Directed Acyclic Graphs (DAGs), a Claude LLM call is
embedded as a dedicated DAG task between paper retrieval and document generation, producing a
written research summary that appears as a standalone section in the compiled report, and delivered to
the user through Slack or any other app that provides an API key, at fixed intervals. The agentic character
of the system lies in its context aware query construction and embedding based relevance judgment. The
DAG reads the live state of the simulation pipeline and constructs a query that reflects where the project
currently stands. The morning and evening run additionally alternate between complementary research
themes, ensuring that the retrieved literature covers the full scope of the research problem over time.

Apache Airflow is an open-source workflow orchestrator that represents pipelines as DAGs of tasks with
explicit dependencies. Each task is a Python callable, a sensor that waits for an event, or an operator that
wraps a third-party service. Airflow provides scheduling, automatic retries, backfilling of missed runs,
observability through a web Ul, and data exchange via the XCom mechanism. These features address
the gaps in no-code platforms when applied to workflows that must be reproducible, versioned, and
testable. The pipeline consists of five sequential tasks. The presented system consists of a single DAG
scheduled to execute twice per day at 12 hours gap.

The first task reads the current state of the simulation pipeline from CSV and JSON result files, constructs
a search query that reflects the current research focus, and writes the simulation metrics and LaTeX
summary to a temporary directory. The second task launches the search agent as a subprocess inside
the dedicated Python virtual environment, where arxiv, PyMuPDF, and sentence-transformers are
installed. The search agent queries both arXiv and Semantic Scholar, downloads PDFs, extracts text
blocks using fitz, and ranks paragraphs against the query using cosine similarity in the 384-dimensional
embedding space. Results are serialized to a papers.json file and the path is passed to the next task via
XCom. The third task reads papers.json, builds a prompt from paper titles and abstracts (400 characters
per paper), attaches the current simulation state, and sends the full request to Claude using the Anthropic
API. The model is claude-opus-4-7 with adaptive thinking enabled.

The user's research profile, a plain text file is passed as a cached system prompt using Anthropic's
prompt caching mechanism (cache_control: ephemeral). Claude is instructed to identify common themes
across the papers, note which are most relevant to the current work, and connect findings to the
simulation state. The output is a plain text file saved to the temporary directory. The Anthropic API key is
loaded at task runtime from a .env file inside the directory using python-dotenv and never appears in the
DAG code. The fourth task passes the papers JSON, simulation context files, and the Claude synthesis
file to the LaTeX agent subprocess. Inside that subprocess, the synthesis text is wrapped in a dedicated
LaTeX section. The LaTeX agent also computes embedding-based relevance scores, sorts papers by
score against the merged research profile, and compiles the document to PDF using pdflatex. The fifth

67



task reads the PDF path from XCom and posts the file to the designated Slack channel using the Slack
Web API. The DAG with the tasks is shown in Fig.1.

- build context o search_and extract - synthesize with_claud - generate_document - send slack

Operator Pythe atol Pythol tor

Fig. 1: Apache Airflow DAG of the twice-daily notification agent, showing the five sequential tasks and
their dependencies.

The relevance judgment step is performed by a sentence embedding model (all-MiniLM-L6-v2, 22.7M
parameters), which encodes both the user's research profile and each paper's content into a shared 384-
dimensional semantic vector space. Cosine similarity between these representations produces a
continuous relevance score that drives paper ranking, section ordering, and citation recommendations in
the generated report, all without human intervention. This is not a keyword match but a semantic
assessment, a paper discussing a specific topic will score highly against a profile that mentions similar
topic even if no identical terms appear. The same embedding model also performs paragraph ranking
within each PDF providing the reader with an immediate picture of which aspects of the query are
represented in the literature and which are sparse.

Changing the research profile or the query rotation requires editing a single text file or a two-element list.
Adding a new data source requires implementing one additional search function in search agent. The
LaTeX output provides a version-controllable record of every run, independent of the Slack delivery
channel. The Slack is connected with an API key.

Compared to a no-code or manual literature monitoring approach, the Airflow-based pipeline provides
reproducibility, deterministic twice-daily scheduling, and the ability to backfill missed runs. A limitation is
that the relevance judgment is purely statistical. The embedding model ranks content by similarity to a
fixed profile but does not reason about the relationship between papers. It will surface the most topically
proximate content, not necessarily the most scientifically significant.

Future work will address these limitations. Passing the top-ranked full paragraphs to Claude rather than
just abstracts would allow a more grounded search and verification.
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Semantic Harness for LLM-driven Agents

Milorad Tosic®, Nenad Petrovic?

Generative Al (GenAl), particularly Large Language Models (LLMs), offer significant potential for
intelligent system automation. However, their use in critical domains is limited by the risk to produce
unreliable outputs and usually leads to operational or financial consequences. Therefore, additional
mechanisms are needed to ensure trustworthy and explainable decision making (Bornet et al., 2025). To
address the limitations of standalone Large Language Models (LLMs) in critical domains, we propose the
Semantic Harness for LLM-driven Agents (SH-A), a Knowledge Graph (KG) based framework that
combines structured context management, semantic reasoning, Retrieval-Augmented Generation (RAG)
and controlled workflow execution to enable reliable Al-assisted decision support. Apart from semantic
grounding of user requests, key advantages against other solutions include explainability, traceability, as
well as straightforward integration of new tools, workflows and external knowledge sources. Figure la
illustrates the proposed workflow.
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Figure 1. Semantic-driven agent harness architecture workflow

User interaction begins by submitting a request through the application interface (1). The request is
forwarded to the SAIA, where the Context Constructor assembles operational context from data sources,
events, knowledge repositories, and interaction history within a configurable context window (2). The
agent analyzes the request and maps it to predefined Named Actions and Named Prompts using RAG-
based retrieval (3). The main novelty is the Context Constructor, which exploits semantic descriptions of
context components stored in the KG and used for the mapping. Named Actions bridge user intent and
system execution by linking requests to Action Flows, Skills, and Model Context Protocol (MCP) tools.
Action Flows define execution paths, Skills provide domain expertise, and MCP tools enable access to
external services and enterprise functionality. Named Actions represent semantic retrieval operations
used to obtain contextual information from knowledge graph, document repository, and external MCP-
accessible resources. Named Prompts provide predefined instructions, reasoning templates, and domain-
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specific guidance supplied to the underlying LLM, promoting consistent and explainable decision-making.
The context is subsequently enriched through retrieval of semantic knowledge assets (4), followed by
MCP tool selection (4.1) and GraphRAG-based retrieval over semantic repositories and document
collections (4.2-4.5). The retrieved information is combined with contextual data and user inputs by the
Context Constructor into a unified operational context (5), which is then supplied to the corresponding
Semantic Al Agent for reasoning and decision-making. The reasoning process follows the ReAct
(Reason-Act) paradigm. Using the selected Named Actions and enriched context, semantic Al agents
interact with the Execution Environment Agent to execute workflows, invoke MCP tools, and perform
domain-specific operations (6). The execution environment orchestrates services and external systems,
while execution results and observations are returned to the agents (7) for iterative reasoning and
refinement. The Observe & Verify component continuously collects execution feedback and
environmental observations (such as sensors and ERPSs), validates outcomes, and feeds verified
information back into the reasoning process. Finally, the generated response is returned to the user (8).
Together, these components form a closed-loop, knowledge-grounded architecture that integrates
semantic reasoning, retrieval, execution, and verification. A Context Ontology formalizes relationships
between user intents, agent capabilities, contextual information, and tool outputs, enabling interoperability
and decision traceability.

The proposed framework is evaluated through a smart-home flexible energy optimization use-case
scenario considering 5 relevant questions responded by Qwen 2.5, as shown in Table 1. A user requests
an optimized household energy schedule based on electricity tariffs and solar generation. The Context
Constructor combines real-time forecasts, consumption data, and user preferences, maps them to
semantic planning ontologies using LLM and RAG (Petrovic, 2025), and generates an optimized plan.
Recommendations, such as shifting appliance usage to low-cost or high-solar periods, are accompanied
by transparent explanations to improve trust and traceability. For answer scoring, we make use of LLM as
judge — Claude Opus 4.8. The underlying answer judging prompt is defined as follows: “Compare Answer
1 and Answer 2 for the given question. Evaluate them based on: directedness, exactness, hallucination
risk, focus, applicability, simplicity for end user”.

Table 2 Result comparison (S1: score Qwen 2.5 with SAIA; S2: score Qwen 2.5 no context)

Question S1 Time 1 S2 Time 2 Winner
“Optimize flexible electricity consumption at home” (test1) 4 3.6s 4 11.0s Tie
“Optimally use solar panel + hot water boiler” (test2) 3 49s 4 109s S2
“Optimal time of day to charge an EV” (test3) 4 16s 3 6.3s S1
“Reduce energy consumption via energy flexibility” (test4) 4 21s 3 94s S1
“Could energy flexibility reduce my energy bill” (test5) 4 18s 3 73s S1

Average 38 28s 34 90s S1
Keywords: agentic Al, ontology, harness, LLM, ontology, smart grid
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Market Mechanisms as Transparent Environments for Al Agents

Dragisa D. Zunié“?

This abstract proposes a formal symbolic view of core market mechanisms as an important foundation for
studying Al agents as market participants. Financial markets involve heterogeneous actors — regular
traders, liquidity providers, high-frequency firms, and institutional investors — but all of them interact
through the same rule-governed infrastructure: the trading venue itself. Like a game of chess, a market
mechanism defines admissible actions, interaction rules, priority, outcomes, and terminal states. For this
reason, the behaviour of market participants cannot be understood only by modelling their strategies or
objectives; it also depends on the formal structure of the mechanism through which they interact.

We argue for a transparent-box view of market mechanisms as rule-based settings in which Al agents
act. By “environment” we do not mean a black box observed only through data, but a symbolic interaction
structure whose internal rules can be made explicit and reasoned about. The point is to shift attention
from trading agents alone to the market core itself: the rules that determine which orders may interact,
which interactions have priority, and when the market has reached a stable state. This view is consistent
with the classic zero-intelligence trader result, which showed that important market-level outcomes can
arise from the structure of the market itself, even when individual agents are extremely simple (Gode &
Sunder, 1993).

To make this view formal, we use Reaction Systems as a formal language (Ehrenfeucht & Rozenberg,
2007), building on ongoing work that adapts this framework to trading venues. In this setting, buy and sell
orders are treated as resources, compatible orders react to produce trades, more competitive orders
inhibit less competitive matches, and unmatched orders remain available for later steps. Thus, priority,
competition, timing, persistence, and stability become part of the formal description of the mechanism
rather than hidden details of implementation. This also makes key properties — such as priority
preservation, persistence of unmatched orders, and absence of further executable trades expressible at
the level of the mechanism itself. The approach continues a line of work in which trading systems are
treated as formal computational objects rather than only as economic or statistical processes (Cervesato
et al., 2019).

The approach is illustrated through two canonical market-core mechanisms. The Continuous Limit Order
Book represents the familiar sequential view of a market: orders arrive continuously and are processed
according to price-time priority. This design is simple and widely used, but it also makes timing and
latency structurally important. Frequent Batch Auctions (FBA) take a different view: orders arriving within
the same time interval are grouped together and treated as time-equivalent, a design proposed as a
response to latency races in modern electronic markets (Budish et al., 2015).

As a small illustration, consider the following unit orders, listed by arrival: b1, buy at 100; s1, sell at 99;
b2, buy at 101; s2, sell at 101; b3, buy at 101; b4, buy at 98; and s3, sell at 102. Under sequential
matching in the CLOB model, sl trades immediately with the resting order bl; later, s2 trades with b2.
The resulting trades are bl-s1 and b2-s2. Under batched matching in the FBA model, the same orders
are collected within one batch and their exact arrival order inside the interval is disregarded. At a clearing
price of 101, the two most competitive buy orders, b2 and b3, and the eligible sell orders, s1 and s2, are
executed.
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The contrast is structural. CLOB matching gives decisive importance to serial arrival, so an earlier but
less competitive order may trade before a later order offering a better price. The simplified FBA model
instead treats orders within the batch as time-equivalent, bringing the matching logic closer to the
economic interaction being modelled: competition is primarily expressed through prices rather than
infinitesimal differences in arrival time. Computationally, this points toward models based on joint
activation and potentially parallel or concurrent treatment of orders, rather than imposing a rigid serial
order on interactions that are naturally simultaneous.

We also discuss a finer-grained view of FBA, in which the internal steps of batching, activation, matching,
and stabilization are made explicit. This makes it possible to reason about sequentiality, batching, and the
computational structure of the mechanism itself. The goal is not to present a new exchange design, but to
show how mechanisms used in electronic markets today can be opened up and represented in a way that
supports symbolic reasoning.

This perspective connects older work in agent-based computational economics, which treated economies
as systems of autonomous interacting agents, with newer research on Al agents in strategic and
economic settings. Both show that agents do not act in isolation, but through the core that structures their
interactions. Depending on what the rules reward, an agent may learn to bid truthfully, overbid, underbid,
delay, race for speed, or avoid competing too aggressively. The market mechanism therefore shapes
which behaviours become profitable or stable. This is consistent with the view that intelligent behaviour
cannot be studied apart from incentives (Parkes & Wellman, 2015).

For an adaptive or Al agent, a transparent market model makes the trading venue part of the reasoning
environment. The agent can examine possible market transitions, learn which behaviours the mechanism
rewards, and verify whether a contemplated strategy respects its matching, priority, and timing rules.
Because different mechanisms can be formalized within the same framework, they can be compared on a
common basis: we can identify which rules each transparent box contains, which behaviours it enables,
and which core properties follow from its design. This supports joint analysis of the agent and the
mechanism while distinguishing behaviour produced by the agent from behaviour induced by the market
core.

Our position is therefore that, before studying how Al agents behave in markets, we should make the
mechanisms through which they interact explicit, transparent, and available for formal reasoning. Such
models can support explainability, verification, and mechanism-aware analysis of multi-agent financial
systems.

Keywords: market design, market microstructure, formal methods, transparent-box modelling, Al agents
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Identifying Prerequisites among Competencies: a Large Language Models
Approach

Milan Jovkié', Goran Savié', Milan Segedinac®, Peter Steiner’

State-of-the-art frameworks for student assessment often exploit prerequisites among skills for enhancing
assessment efficiency and interpretability. The most well-known such models are Knowledge Space
Theory (KST) (Doignon & Falmagne, 1999), Hierarchical Cognitive Diagnostic Models (HCDM), and
Dynamic Bayesian Networks (DBN) (Corbett & Anderson, 1994). Defining prerequisites among
educational competencies traditionally can be achieved in two ways: they are either identified by
analyzing the results from previous students’ assessments (Chen et al., 2016), or by representing the
experts’ knowledge about the domain. Both approaches have their benefits and drawbacks. So, while
data-driven techniques do not require significant human effort, they cannot be applied in advance.
Methods that involve experts, on the other hand, can propose the prerequisites prior to performing the
assessment, but they are labor-intensive and often imprecise (Le & Abel, 2025). Both kinds of techniques
lack scalability and cannot be applied to larger domains of knowledge.

This paper proposes a novel method for identifying prerequisite relations that relies on the fully automated
semantic analysis of the educational materials from the knowledge domain. The method integrates Large
Language Models (LLMs), vector semantic search, and a dual-graph architecture in which competencies
are linked to the chunks of educational content, enabling graph-native Retrieval-Augmented Generation
(RAG) (Edge et al., 2024). The core idea of the method is to split the process into two phases that form a
pipeline. The first phase consists of an embedding-based filtering, which identifies semantically relevant
pairs of competencies. Each competency is represented as a dense vector encoding its key descriptive
attributes, namely its name, description, domain, knowledge type, and representative examples, which
substantially enriches the semantic representation compared to name-only encoding. For each
competency, the top-k most similar competencies already present in the graph are retrieved, where k was
set to 7 in our implementation. Only these k candidates are passed to the second phase, eliminating
0(n?) pairwise evaluations in favour of O(n - k).

The second phase employs an LLM-driven reasoning that determines direct prerequisite relations. For
each of the k candidates, the prompt is constructed from three sources of information: the full descriptive
data of both the target and candidate competencies, along with their semantic similarity score, structural
metadata from the curriculum specification covering subdomain, cognitive process level, and input and
output representations, and contextually relevant instructional text retrieved from the RAG graph. The
prompt also encodes explicit pedagogical heuristics, including a cognitive process hierarchy and a
representation chain principle, that guide the model in determining the direction of prerequisite relations.
The reasoning is bidirectional, simultaneously identifying prerequisites in both directions between the
target competency and each candidate.

The proposed method solves several problems. Firstly, because the prerequisites are identified in the
learning materials, it can be applied prior to the assessment of students’ knowledge. That way, the
knowledge structures are available before testing students and they can be applied in the adaptive
procedures already in the first iterations of testing. Secondly, the method does not involve human experts,
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which makes it cheap to implement and less prone to human errors. And finally, the method ensures
scalability as the repository of competencies grows, while maintaining the logical coherence of the
prerequisite relations through the underlying graph model. The system built around the proposed method
additionally provides an interactive knowledge graph visualisation and a RAG-powered chat interface for
exploring and querying the structured competency base.

As the initial validation, the method was applied to identify prerequisites among 123 mathematical
competencies from the domain of linear functions using two LLM models: deepseek-r1-0528, a reasoning
model accessed via OpenRouter, and gpt-4o-mini, accessed via GitHub Models. The resulting graphs
were compared on an identical 21-competency subgraph, and both were acyclic. The two models agreed
on a slight majority of the direct prerequisite relations, reaching a Jaccard similarity of 0.57, forming a
pedagogically coherent shared core directed from higher-level skills toward the foundational concepts
they build on. The main difference between them was in relation density: deepseek-rl produced more
direct prerequisite relations than gpt-4o0-mini, 44 against 36, corresponding to an average of 2.1 versus
1.7 prerequisites per competency. The comparison demonstrates that model choice significantly affects
relation density, while a stable core is recovered regardless of the model.

Two examples illustrate these findings. For the competency "determine the linear function equation from a
point and its slope”, both models independently identified the same two well-justified prerequisites,
"recognize and describe the slope" and "determine the function term from the y-intercept and the slope",
exemplifying the stable core recovered regardless of the model. For the competency "determine parts of a
value table from a context description”, both models shared a common core, consisting of "identify the
given quantities from the context”, "know that the dependent variable changes with the independent one",
and "determine a value table from the function equation”, while deepseek-rl attached one further
prerequisite, "determine a value table from a graph”, which is not well justified. This illustrates how

deepseek-rl produces additional direct relations that account for its higher density.

The initial research presented in this paper also shows some key limitations of the framework. The most
notable ones are the result's non-determinism inherent to the probabilistic nature of LLMs and the
dependence on model quality. Future work will conduct a formal quantitative evaluation, including
precision and recall against expert-annotated prerequisite structures such as the Achieve the Core
Coherence Map (achievethecore.org/coherence-map/), automate chunk selection per competency, and
extend this approach to broader mathematical and multi-domain curricula.

Keywords: Knowledge Graph, Prerequisite Relations, Large Language Models, Retrieval-Augmented
Generation, Vector Semantic Search
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Beyond Exact Skill Matching: Graph-Constrained Al Modeling of
Competence Gaps

Robi Pritrznik', Pavie Boskoski'?, Tjasa Redek”, Sagnika Sen®, Biljana Mileva Boshkoska™?

Competence-gap analysis often relies on exact matching between skills available in the workforce and
those required by employers. Such an approach may overlook meaningful relationships between related
competences and consequently overestimate existing gaps. This work proposes an Al-based approach
for modeling competence gaps by combining the structural information encoded in the ESCO skills
ontology with unbalanced optimal transport.

Skills are represented as nodes in the ESCO graph, where broader/narrower relationships provide
information about their proximity. Instead of treating skills as independent labels, the proposed model
uses this structure to identify plausible substitutions between related competences. The cost of
substitution is determined by shortest-path distance in the graph: exact matches have no substitution
cost, while increasingly distant concepts are more costly. Substitution is restricted to concepts within three
graph hops, allowing sufficiently related skills to contribute to a match while leaving more distant demand
unmatched.

The relationship between competence supply and demand is modeled using unbalanced optimal
transport (Chizat et al., 2018). Unlike balanced transport, this formulation does not require all available
and required competences to be matched and therefore avoids forcing assignments between distant
concepts. Entropic Sinkhorn optimization (Cuturi, 2013; Peyré & Cuturi, 2020) is used to efficiently
estimate the resulting transport plan. The model thus combines quantitative information about
competence supply and demand with structural information from the ESCO ontology.

The approach is applied to ESCO v1.2.1 and public-employment data describing competences
associated with registered job seekers and job postings. The empirical analysis shows that an observed
competence gap does not necessarily imply that related competences are absent from the workforce.
Among the 40 largest unmatched demand concepts, available supply can be found within three graph
hops for all 40, while for 23 concepts the identical ESCO competence is already reported by some job
seekers. The remaining gap therefore reflects insufficient quantities of relevant or nearby competences
rather than simply the absence of corresponding concepts.

The main contribution is an interpretable Al modeling framework in which the existing ESCO ontology
defines plausible skill substitutions, graph distance represents substitution cost, and unbalanced optimal
transport determines how available competence supply can be assigned to demand. The resulting model
distinguishes between exact matches, nearby competence substitutions, and demand that remains
unmatched. Rather than introducing a new competence taxonomy, the approach builds directly on ESCO
and demonstrates how its existing structure can support more informative and explainable competence-
gap analysis in public employment services.
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Keywords: ESCO ontology, substitution graph, unbalanced optimal transport, knowledge graph, hop-cost
reasoning
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Machine Learning in Optimized SPARQL Query Execution Over RDF
Knowledge Graphs

Muhammad Sohail Nisar®, Muhammad Saleem*, Axel-Cyrille Ngonga Ngomo*, Sebastian Tramp?,
Nieves Sande?, Milos Jovanovik®*, Mirko Spasi¢*®

The rapid growth of RDF knowledge graphs (KGs) and semantic web technologies has created a strong
need for efficient SPARQL query processing over centralized and distributed sources. Modern KGs, such
as Wikidata, DBpedia, LinkedGeoData, and biomedical KGs contain very large numbers of RDF triples.
This makes scalable query optimization a major challenge in semantic data management. RDF provides
a graph-based representation model for structured knowledge, while SPARQL is the standard query
language for retrieving and combining information from RDF data sources (Harris & Seaborne, 2013).
However, the performance of SPARQL query execution strongly depends on the quality of the selected
query plan, especially the ordering of joins and the selection of relevant sources in federated settings.
Traditional query optimizers usually rely on cost-based models, cardinality estimation, statistics, indexing
techniques, and heuristic join-ordering strategies. Although these methods are often effective, they fail
when statistics are incomplete or outdated. This challenge becomes even more significant in federated
processing, where a query may need to access multiple endpoints and combine partial results across the
network. Poor source selection and inefficient join ordering can lead to unnecessary intermediate results,
excessive network traffic, and long query execution. These issues motivate the use of adaptive ML
techniques for SPARQL query planning. The SPARQL-ML project investigates machine learning-based
methods for improving SPARQL query optimization over centralized triplestores and federated SPARQL
query engines. In particular, we are using deep reinforcement learning for SPARQL query planning, both
in centralized and distributed environments. The project treats query planning as a sequential decision-
making problem. In this setting, a query representation describes the current optimization state, planning
choices such as join ordering correspond to actions, and measured query execution time provides
feedback to the learning system. In this framework, the agent continuously learns to improve its decisions
through repeated interaction with an environment (Sutton & Barto, 2018). In contrast to static optimizers,
the goal is to have an adaptive optimizer that can learn from observed query workloads and executions. A
first technical component of the project is the representation of SPARQL queries in a form suitable for ML.
Instead of treating a query only as text, the system extracts structural information from the query graph,
including triple patterns, variables, join relationships, projected variables, and query-level statistics. These
features are transformed into numerical representations (in the form of embeddings) that can be
consumed by a learning agent. The representation is designed to capture both local information, such as
the role of a variable in a triple pattern, and global information, such as the connectivity structure of the
query. This is important because the quality of a join-order decision depends not only on individual triple
patterns, but also on how they interact within whole query graph.

The current implementation integrates a reinforcement learning environment with RDF engines such as
Tentris and Virtuoso. The learning agent observes the query representation and proposes planning
decisions, for example a join-variable ordering or a join-priority hint. The triplestore remains responsible
for physical execution, while the agent provides additional learned guidance to influence the optimization
process. Execution time is then used as the reward signal. Early experiments on DBpedia test queries
show encouraging behavior: the learned planner can improve many individual warm-cache query
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executions and produce stable plans, but the overall result is still preliminary as long-tail cases and
broader cross-dataset generalization remain under evaluation. Therefore, the current results are treated
as an initial indication rather than a final benchmark claim. In federation setting, optimization must decide
not only how to order joins, but also which data sources are relevant for each part of the query. SPARQL-
ML builds on join-aware source selection techniques, where information about predicates, URI prefixes,
data summaries, and join relationships is used to avoid contacting irrelevant endpoints. This reduces
unnecessary network traffic and helps generate more efficient federated execution plans. Previous work
on federated SPARQL optimization, such as CostFed, has shown the importance of source selection and
cost-aware planning for distributed RDF query processing (Saleem et al., 2018). SPARQL-ML extends
this direction by exploring how such structured source-selection information can support learning-based
planning strategies. The project architecture follows a reusable and engine-independent design. i.e., the
SPARQL-ML components can be integrated with any of the existing triple stores or SPARQL federation
engines. Query features are extracted from the RDF engine and passed through an API layer to the
learning component. The agent returns planning guidance to the engine, which executes the query and
reports runtime information back to the system. This feedback loop enables continuous experimentation
with different feature representations, learning algorithms, reward functions, and triplestore backends.
The architecture is intended to support both centralized and federated scenarios, while remaining
compatible with standard SPARQL processing workflows. The ML overhead consists of calculation of an
efficient join order and providing it to the underlying engine. On the other hand, the engine itself can skip
its own query optimizer (which usually incorporate data sampling, cost modelling, cardinallity estimations
and different heuristics) and directly follow the query plan generated by the agent. Therefore, we can
expect that the ML overhead won’t be longer than the regular optimizer time. In general, the query
planning time is much smaller than the actual query execution time. The project will be evaluated using
real-world and industry-relevant use cases. These include enterprise KGs using anonymised industry
data from eccenca, biomedical-scale data represented by the Linked Cancer Genome Atlas use case at
Paderborn University, and large public KGs DBpedia and LinkedGeoData through OpenLink Software,
together with real-world queries from the relevant query logs. These use cases are important because
they represent practical settings where query runtime, scalability, and robustness directly affect the
usability of RDF-based applications. The main evaluation criterion is query execution time, complemented
by success rate, robustness across workloads, and comparison against existing baseline optimizers
already implemented in the triplestore under test. In addition to evaluation on real queries over the
aforementioned datasets, the comparison will also be done on the synthetic and well-known benchmarks
such as Geospatial and Social Network benchmarks. By combining RDF knowledge representation,
SPARQL query optimization, and reinforcement learning, SPARQL-ML aims to contribute to a new
generation of adaptive semantic data management systems. The project does not aim to replace existing
triplestore optimizers, but to enhance them with learned planning support. This makes the approach
suitable for practical deployment, where mature RDF engines can retain their execution capabilities while
benefiting from feedback-driven optimization. In the long term, this line of work may help improve the
scalability and efficiency of KG applications in industry, science, healthcare, and smart city infrastructures.
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Lattice-valued relational equations and inequations with complete
residuated codomain lattice

Vanja Stepanovié¢', Andreja Tepavéevié™®

Fuzzy relational equations and inequations constitute an important research area in fuzzy logic and its
applications. Since the introduction of fuzzy sets by Zadeh and lattice-valued sets by Goguen, nhumerous
studies have investigated the structure of solution sets and the existence of extremal solutions for
equations and inequations involving fuzzy and lattice-valued relations. In many practical situations,
particularly in fuzzy control systems, it is essential to determine fuzzy relations that model the mapping
from inputs to outputs. Such problems naturally lead to fuzzy and lattice-valued relational equations and
inequations.

Residuated codomain lattices are especially convenient for the mentioned applications. Although
introduced already in 1939, only starting from the end of the 20" and the beginning of the 21% century
residuated lattices found their major application in fuzzy logic. We present a systematic study of the
existence and characterization of extremal solutions to lattice-valued relational equations and inequations
in case of a complete residuated codomain lattices. The focus is on equations and inequations containing
on both sides terms constructed from known and unknown fuzzy relations by means of relational
composition. The relational composition in the case of a complete residuated codomain lattice is defined
using supremum and multiplication:

Po Q(x'y) = VZEAP(x'Z) ® Q(Z,y)

The associativity of the multiplication in residuated lattice, together with the infinite distributivity of the
relational composition with respect to suprema, implies the associativity of this composition. Due to this
associativity, many terms using composition are mutually equivalent, and we can omit parenthesis when
composing more than two relations (whether known or unknown). Therefore, we can easily list all the
equation and inequations containing at most one unknown relation on each side of the (in)equation. Most
of the existing results and most of the results we got refer to them. (Stepanovi¢, Tepavcevic, 2025)

The investigation unifies and extends some known results concerning the existence of the greatest
solution to relational equations and inequations. We also add some results concerning the existence of
the least, maximal, and minimal solutions.

A central role is played by the infinite distributivity of relational composition with respect to suprema in
complete residuated lattices. Using this property, the existence of the greatest solution is shown for a
wide family of fuzzy relational equations and inequations. Namely, we proved that greatest solutions exist
for all equations and inequations in which each side contains exactly one variable, regardless of whether
the variables on the two sides coincide or differ. The same conclusion holds for systems of such
equations and inequations. For several important classes, explicit expressions for the greatest solutions
are given in terms of residuation.
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We present the known solvability conditions for equations in which one side contains no variable, and the
other contains exactly one variable appearing only once. (Sanchez, 1976; Stankovi¢ et all, 2017)
Moreover, whenever the corresponding equation is solvable, its greatest solution coincides with the
greatest solution of the associated inequation.

In contrast to the positive results for greatest solutions, the study demonstrates that greatest solutions
need not exist when an equation contains more than one variable on one side, even in case of solvability.
Counterexamples are constructed in more special cases of complete distributive codomain lattices,
showing that the supremum of all solutions may fail to be a solution. Nevertheless, by combining
properties of complete residuated lattices with Zorn’s lemma we prove the existence of maximal solutions
in such cases.

Applying some previous arguments (Stepanovi¢, Tepavcevi¢, 2026), we prove the existence of least
solutions for several important classes of equations and inequations, especially those expressible through
order-preserving operators on the lattice of fuzzy relations. It is shown that, under suitable lower-bound
conditions, the least solution of an inequation coincides with the least solution of the corresponding
equation. For equations in which variables occur on both sides, it is proved that the least solution always
exists, while every solution is contained in a maximal solution.

We also present some negative results. It is known that the least solution to the typical equation P o X = Q
may not exist in case of complete, residuated codomain lattice. Moreover, we proved that even minimal
solutions to such equations may fail to exist. This phenomenon persists even in more specialized
structures such as complete Heyting lattices.

Overall, the paper provides a unified framework for understanding extremal solutions of lattice-valued
relational equations and inequations in complete residuated settings. The results apply not only to general
complete residuated lattices, but also to important special cases such as Boolean algebras, complete
Heyting lattices, Godel algebras, and Lukasiewicz algebras.
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Temporal Dynamics of Codon Usage Bias in SARS-CoV-2 Proteins

Biljana T. Stojanovié', Sasa N. Malkov?, Milo$ V. Beljanski’, Nenad S. Miti¢*

Motivation and Aim: Codon Usage Bias (CUB) refers to the non-random use of synonymous codons and
is associated with translational efficiency, host adaptation, and genome evolution. Codon usage patterns
reflect functional constraints and serve as a post-transcriptional regulatory mechanism affecting multiple
aspects of gene expression, including mRNA secondary structure and stability, translation kinetics, and
co-translational protein folding. Previous studies suggest that CUB is mainly driven by three major
evolutionary forces: (a) GC-biased gene conversion, which preferentially increases the frequency of GC-
ending codons, (b) mutational biases, which generally favor AT-ending codons, and (c) natural selection,
which promotes codons that improve translational efficiency and accuracy. The relative contributions of
these forces differ across organisms and genes, resulting in diverse patterns of synonymous codon
usage. Characterizing CUB in particular organisms or biological systems is important for understanding
evolutionary processes and has practical applications in genetic engineering and synthetic biology,
including the design of synthetic genes and other genetic constructs (Arshad et al., 2026). This study
aims to characterize and provide deeper insight into the temporal dynamics of SARS-CoV-2 evolution by
applying large-scale computational analysis of genomic data to identify interpretable patterns of codon
usage variation and evolutionary change at both nucleotide and protein levels. Particular emphasis is
placed on codon-level changes, including those associated with synonymous and non-synonymous
substitutions, as well as position-specific changes at homologous amino acid positions over time.

Materials and Methods: We analyzed ~5 million SARS-CoV-2 protein-coding sequences (CDSs) collected
between December 15, 2019 and May 22, 2023, using both the complete dataset and 20 temporal
subsets obtained by partitioning isolate collection dates into discrete time intervals. Four proteins—
surface glycoprotein (spike, S protein), nucleocapsid phosphoprotein (N protein), ORF1a polyprotein, and
ORF1lab polyprotein—were selected for detailed analysis based on their higher proportion of distinct
CDSs (>3% after removal of identical sequences), reflecting greater sequence diversity than the
remaining proteins.

CUB was characterized using the codon-specific measures Relative Codon Frequency (RF) and Relative
Synonymous Codon Usage (RSCU) (Sharp & Li, 1986), and the gene-level measures Effective Number
of Codons (ENC) (Sun et al., 2013) and Relative Codon Bias Score (RCBS) (Fox & Erill, 2010). RF and
RSCU provide complementary perspectives on codon usage. RF quantifies the observed relative
frequency of a codon within its synonymous codon family, whereas RSCU compares the observed codon
frequency with that expected under equal usage of synonymous codons. As a normalized measure,
RSCU enables the identification of preferred (RSCU > 1), over-represented (RSCU > 1.6), and under-
represented (RSCU < 0.6) codons. Similarly, ENC and RCBS characterize gene-level CUB from different
perspectives. ENC quantifies the overall degree of CUB, whereas RCBS accounts for background
nucleotide composition at all three codon positions when evaluating codon preference. Two ENC variants
were used: standard ENC and ENC-rsl-split, in which the R, S, and L codon families are treated
separately.

For temporal CUB analysis, protein sequences were aligned to the corresponding reference protein
sequences of the SARS-CoV-2 reference isolate (NC_045512.2) using MAFFT (Multiple Alignment using
Fast Fourier Transform). To preserve codon information, alignment was performed at the protein level
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rather than directly on nucleotide sequences, since nucleotide alignments may introduce frame-disrupting
insertions and deletions that prevent reliable codon-based comparisons. Proteins of the same type were
grouped according to identical amino acid sequences. For each group, one representative sequence was
aligned to the corresponding reference protein, and the obtained alignment pattern was applied to all
sequences within the same group. Position-specific codon frequencies were then calculated by mapping
codons from nucleotide sequences onto homologous amino acid positions in the reference protein.
Codons corresponding to deletions were excluded, whereas insertions relative to the reference were
skipped. The same procedure was applied to the complete dataset and each of the 20 temporal groups.
This workflow enabled interpretable representation and comparison of codon-level evolutionary patterns
across homologous protein positions in millions of sequences while preserving biological correspondence
between aligned codons. The resulting position-specific codon profiles provided the basis for calculating
RF values at homologous protein positions and analyzing temporal changes in codon frequency patterns.

Results: Analyses were performed separately for each protein type. Similar gene-level RCBS, ENC, and
ENC-rsl-split values, as well as overall CUB patterns, were observed for the ORFla and ORFlab
polyproteins. Based on RCBS, the ORFlab polyprotein exhibited the weakest CUB, followed by the
ORF1a polyprotein and the S protein, whereas the N protein showed the strongest. Codon-level RSCU
analysis identified over-represented and under-represented codons. Alignment-based RF analyses
revealed (a) temporal changes in codon frequencies associated with synonymous and non-synonymous
substitutions, (b) low-frequency codons, and (c) positions with significant codon frequency shifts,
predominantly occurring in intrinsically disordered regions (Giri et al., 2021). Position-specific changes in
codon frequencies were also analyzed across WHO-defined lineages.

Conclusions: CUB patterns across SARS-CoV-2 proteins change over time, both globally and at
homologous amino acid positions, with temporal patterns corresponding to the emergence of major
SARS-CoV-2 variants. We observed shifts in codon frequencies, position-specific codon changes, and
lineage-associated patterns among WHO-defined lineages. The most pronounced temporal CUB changes
were observed for the S and N proteins, where specific codon frequencies exhibited distinct temporal
trajectories, including relatively stable patterns or decreases occurring at early, intermediate, or late
phases of SARS-CoV-2 evolution within the analyzed period. These findings suggest that codon usage is
a dynamic feature of viral evolution rather than a static genomic characteristic. This study is part of an
ongoing analysis, and further validation and refinement are required to fully characterize the biological
significance of the observed temporal codon usage patterns and position-specific changes. Interpretable
computational analysis of codon usage dynamics may provide additional markers of evolutionary change
and contribute to understanding viral adaptation over time.
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Smart CNC Manufacturing: Application of Machine Learning for Predictive
Monitoring of Tool Condition and Machining Quality

Obrad Anicict

The increasing digitalization of manufacturing systems has accelerated the application of machine
learning methods for improving production efficiency, machining quality, and operational reliability (Kusiak,
2018; Wuest et al., 2016). CNC machine tools continuously generate process data that can be used for
predictive monitoring and intelligent production decision-making (Teti et al., 2010; Wuest et al., 2016).
However, many existing approaches concentrate on the development of individual prediction models,
while less attention is given to their integration with process monitoring and operational decision-support
functions. This paper proposes an integrated machine learning framework for predictive monitoring of
cutting tool condition and machining quality in CNC manufacturing systems. The framework integrates
CNC process-data acquisition, data preprocessing, feature engineering, predictive modelling, multi-
sensor information fusion, process-state assessment, and decision support within a unified
methodological architecture. It is designed to accommodate different machine learning methods and to
combine information obtained from multiple process-monitoring sensors, thereby providing a structured

basis for data-driven supervision of machining processes (Teti et al., 2010; Wuest et al., 2016).
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Figure 1 — Proposed machine learning framework for predictive monitoring of tool condition and
machining quality in CNC manufacturing systems
The results are supported by previously validated experimental data obtained from CNC machining. In the
reported experiments, data acquired from three acoustic-emission sensors installed on a CNC lathe were
processed using spindle speed, feed rate, and depth of cut as input process variables. An Adaptive
Neuro-Fuzzy Inference System (ANFIS) was applied for multi-sensor data fusion and prediction of the
strength of the signal periodic component (Jovic et al., 2017). The ANFIS model achieved R? = 0.7999, a
Pearson correlation coefficient of r = 0.8943, and RMSE = 0.0855. For comparison, the ANN model
achieved R2 = 0.7851 and RMSE = 0.0893, while the fuzzy model achieved R2 = 0.7947 and RMSE =
0.0894 (Jovic et al.,, 2017). These quantitative results demonstrate that neuro-fuzzy modelling can
effectively integrate information from multiple acoustic-emission sensors and provide a reliable
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representation of the monitored CNC machining process. Sensitivity analysis further showed that spindle
speed was the most influential individual process parameter, while the combination of spindle speed and
depth of cut produced the lowest training and testing RMSE among the evaluated two-parameter
combinations. These results demonstrate how the proposed framework can transform raw machining data
into information useful for process-state assessment and predictive supervision. In a practical CNC
turning operation, sensor data can be continuously acquired during machining and fused with process
parameters such as spindle speed, feed rate, and depth of cut. Deviations in the monitored acoustic-
emission response can then be identified and evaluated against the expected process state. For
example, progressive changes in the monitored response can provide an early indication that tool
condition or machining stability requires attention, supporting planned tool inspection or replacement
before excessive degradation leads to unacceptable machining quality. In a second practical application,
the same monitoring information can be used for machining-quality supervision: changes in spindle load,
vibration or acoustic-emission response, together with machining parameters, can indicate operating
conditions associated with dimensional or surface-quality deviations. The resulting information can
support corrective actions such as adjustment of machining parameters, additional inspection of the
produced part, or planned tool replacement (Teti et al., 2010; Davim, 2021).

The principal result and contribution of the research is therefore the development of a coherent
operational framework that connects manufacturing data acquisition, machine learning-based analysis,
multi-sensor information fusion, process-state assessment, and production decision support. The
framework extends machine learning from an isolated prediction task toward continuous predictive
monitoring of CNC operations. The previously validated experimental results provide quantitative
evidence supporting the applicability of the underlying multi-sensor modelling approach, while the
integrated framework establishes a methodological basis for extending these capabilities to tool-condition
assessment, machining-quality monitoring, inspection planning, and parameter adjustment. Because the
framework is algorithm-independent, it can be adapted to different CNC machines, machining processes,
sensor configurations, and production requirements. The proposed approach thus provides a practical
basis for moving from reactive detection of machining problems toward predictive and data-driven
process supervision in intelligent manufacturing systems in accordance with Industry 4.0 principles
(Kusiak, 2018; Wuest et al., 2016). The principal contribution of this work is therefore not limited to the
development of an individual prediction model, but to the integration of data acquisition, machine
learning-based analysis, multi-sensor information fusion, process-state assessment, and production
decision support within a structured operational framework. The previously validated experimental results
provide gquantitative evidence supporting the applicability of the approach, while the proposed framework
establishes a methodological basis for extending predictive monitoring toward tool-condition and
machining-quality assessment in intelligent CNC manufacturing systems. The approach supports the
transition from conventional reactive monitoring toward predictive and data-driven process supervision in
accordance with Industry 4.0 principles (Kusiak, 2018; Wuest et al., 2016).

Keywords: CNC machining, smart manufacturing, machine learning, predictive monitoring, tool condition monitoring,
multi-sensor data fusion, ANFIS, Industry 4.0
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Fractal and textural biomarkers in the diagnostics of pediatric
inflammatory bowel disease (IBD)

Andjelija Z. lli¢*, lvan D. Milovanovich?®, Vedrana Makevié®, Nevena Popovac?, Radmila Jankovié®,
Jelena Trajkovié', Andrija Vukovié®, Jovan Jevtié®, Silvio R. de Luka*

Inflammatory bowel disease (IBD), including Crohn’s disease and ulcerative colitis (UC), is characterized by
chronic relapsing intestinal inflammation (Zhang and Li, 2014). It develops through a combination of
inherent, environmental, microbiome, and immunological factors. Its incidence has notably increased over
the last seven to eight decades, often affecting children and adolescents. Its early diagnosis is crucial to
adequate and timely treatment, yet it can be a challenge even for experienced pathologists and
gastroenterologists. Use of the decision support software tools could be of significance in discerning the
signs of IBD from other disorders, and particularly, discerning between the mentioned two subtypes, whose
appearances can be similar.

A major challenge in the development of decision support software for pediatric patients lays in the
relatively small availability of datasets from previous studies, small number of such studies overall, and
difficulties in collecting patients and data for the study. Computational image analysis has been shown
useful in extracting features of interest, which can aid further statistical analyses or data classification even
in the cases of very limited numbers of specimens. Amongst such features, fractal tissue and cell
descriptors have been shown as one of the most useful tools to assess the structural complexity (Bauman,
et al., 2020). Morphological descriptors, size and shape, have also been used with success.

It has been observed in certain diseases, e.g. cancers, that there is an increase in the chromatin
compaction, which has been linked to altered chromatin texture patterns in disease. Altered texture may
have resulted from the chromatin redistribution, condensation or changes in the ratio of two types of
chromatin, or simply cell damage. Such changes, when registered in the high-resolution microscopic
images, could become digital biomarkers for early diagnosis. Given a complex IBD pathogenesis (Zhang and
Li, 2014), involving multiple factors, it was reasonable to check if there were any alterations in textures of
intestinal cell nuclei in IBD. Recently, we estimated structural complexity of the patterns/textures of
intestinal cell nuclei using fractal analysis (Makevi¢, et al., 2023). Data was collected from 24 pediatric
patients and from healthy controls, from all seven intestinal segments. Further, we employed gray-level co-
occurrence matrix (GLCM) features of cell nuclei, robust and not overly sensitive to image resolution, as
other type of textural biomarkers. Some morphological differences between the studied groups were observed
as well. We used the collected data as a basis for the subsequent machine learning in conditions of limited
number of patients. Support vector machine (SVM) based data classification satisfactorily discerned UC
versus the Crohn’s disease subtype of the IBD, versus the control group (Milovanovich, et al., 2026). To the
best of our knowledge, there is only one more pediatric study employing machine learning in the diagnosis
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of Crohn’s disease (Guez, et al., 2022). We describe our methodology and the obtained results, comparing
our study with the one described in (Guez, et al., 2022).
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Fig. 1. Intergroup comparison of the sizes of cell nuclei in the second, third and sixth segment of
the intestine could be used to discern the UC subtype of the IBD (Milovanovich, et al., 2026).

Keywords: Computational image analysis, Cell fractal and textural descriptors, Machine learning (ML),
Support vector machine (SVM), Inflammatory bowel disease (IBD)
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Wavelet-Based Optimization of Temporal Windows for LSTM Benzene
Concentration Forecasting

Goran Kekovié*, Vladimir Miki¢*, Milo$ li¢*, Rade Bozovié¢*

This paper investigates the optimization of the moving time window for air pollution prediction using Long
Short-Term Memory (LSTM) neural networks. The analysis was conducted on data collected in an Italian
city between March 2004 and February 2005 through hourly measurements obtained from a sensor
network (Vito, 2008). The target variable was benzene (C6H6) concentration, while the input variables
included CO, NOx, NO2, NMHC, O3, temperature, relative humidity, and absolute humidity. After
removing missing and incomplete records, 8991 samples were retained for analysis. Considering the non-
stationary and nonlinear characteristics of air pollution time series, wavelet analysis was applied during
data preprocessing. To identify trends and patterns in the time—frequency domain, the Relative Wavelet
Energy (RWE) parameter was employed (Polat & Glnes, 2007).

N
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In the applied model (N,=8991, M=14), the parameter RWE was calculated within the range of pollution
fluctuations from hourly to annual variations (j<M). Therefore, only the energy contribution of detail
coefficients was analyzed, while long-term multiannual trends were excluded (j>M, A,;=0). The following
figures present the parameter values at different resolution levels, together with a representative daily
benzene concentration profile.

Time(h)

1 2 3 4 5 6 [ 8 9 10 1"
Resolution level - j

Fig. 1 - Daily profile of benzene concentration (A) and distribution of RWE parameter values of the
benzene time series as a function of wavelet resolution level (B)
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As shown in Fig. 1A, the daily pollution profile is most pronounced between 8 h and 20 h, while Fig. 1B
indicates a peak of the RWE parameter at resolution level, j=3. According to Eqg. (2), this level
corresponds to the pseudofrequency interval associated with the time range 8.03 h < At < 16.06 h,
obtained for fc = 0.996 (arbitrary units - Haar wavelet) and fs=1/3600 Hz. Based on these findings, LSTM
simulations performed for different moving window lengths and a prediction horizon of 10 h identified an
optimal window length of 8 h. The simulation results, presented in Fig. 2B, show the

IS
T

Prediction horizon(h)

N

Time window(h)

Fig. 2 - Original and predicted time series with LSTM network of benzene concentration (A) and
dependence of RMSE of benzene concentration on time window and prediction horizon (B)

distribution of the root mean square error (RMSE) as a function of the moving time window and prediction
horizon. The lowest average RMSE across all prediction horizons was obtained for the 8 h window, with a
value of 6.09 pg/cm3. These findings confirm that the temporal patterns identified through wavelet
analysis correspond to the optimal prediction windows (Chen et al., 2020). Fig. 2A presents the model
validation on the testing dataset (25%), representing unseen data for the LSTM model, while Fig. 2B
indicates that the highest prediction accuracy was achieved for horizons up to 3 h.

Keywords: LSTM neural networks, wavelet analysis, air pollution, benzen
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Take a Sad Song and Make It Better: Iterative Plugin Refinement in Song-Success
Prediction

Stefan Nikolié, Viadan DevedZié

Traditional Hit Song Science (HSS) models treat track popularity as a static, binary classification problem,
utilizing black-box architectures that offer zero actionable feedback to song creators. This paper
introduces a dynamic, decentralized multi-agent architecture designed as an explainable decision support
system. By decomposing the complexity of commercial success into autonomous expert decisions
covering audio, historical context, market trends and short form viral potential the system shifts the
paradigm from blind prediction to interactive diagnostics. Integrating these heterogeneous signals through
a trainable PyTorch neural orchestrator allows human experts to dynamically tweak node weights.
Simulated results demonstrate that the proposed framework empowers users with transparent, data-
driven and actionable insights.

Introduction: The evolution of musical genres is a highly non-linear, cyclical process, where past
aesthetics routinely re-emerge and modern short form video platforms introduce extreme market volatility.
Predicting song success within the Hit Song Science (HSS) and Music Information Retrieval (MIR)
domains is fundamentally hard to do using rigid, deterministic black-box solutions. The inherent limitation
of existing models is opacity providing only a flat output value leaves the user unable to understand the
underlying causality, rendering good predictions unjustified and bad ones unexplainable. To bridge this
gap, this work proposes an iterative multi-agent framework where users receive granular,
multidimensional feedback. Instead of delivering an unexplainable verdict, the final prediction is a result of
a shallow neural network that treats autonomous expert agents as its functional nodes. The resulting
data-driven architecture ensures that the user is not left in an information void, but is instead empowered
with actionable knowledge.

System Architecture: The proposed architecture grants users the operational flexibility to interactively
tweak individual node weights, allowing industry experts to prioritize specific market signals based on
their distribution strategy. By serving as an explainable decision-support consultant, this system
transitions HSS from a passive oracle to an active optimization tool designed to maximize a song's
success.

As illustrated in Table 1, the system architecture is built as a multi-agent system combining digital signal
processing, APl consumption, large language models (LLMs) and vector geometry in order to provide
contextualized data. The mathematical integration of these independent signals into a unified prediction is
performed by a dedicated neural network. All audio-based agents consume raw audio files (.mp3, .wav),
while the context agent consumes metadata.

Table 1 - The agents in the multi-agent system architecture

Name Core logic

Audio agent Pydub audio segmentation; Gemini 2.0 Flash structural/acoustic evaluation via
structured JSON.

Context agent MusicBrainz historical data cross-referenced with Spotify API via logarithmic follower
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scaling.

Trend agent L2 Norm Euclidean distance mapping against dynamic market hit vectors with
harmonic bonus.

Viral agent DSP short form video suitability tracking via micro-energy peaks and vocal presence.

Neural Orchestrator & Integration: The central orchestration model, implemented in PyTorch, is a feed-
forward network designed to act as a trainable consensus gate. Rather than acting as an unexplainable
classifier, the network maps the four-dimensional input vector (comprising the normalized 0.0 to 1.0
signals from the Audio, Context, Trend, and Viral agents) into a single linear layer, which is then stabilized
via a Sigmoid activation function. This structural setup allows the network to learn the optimal trade-offs
and relationships between deterministic structural data and semantic Al feedback during the optimization
phase.

Results: To evaluate the initial viability of the framework, a simulation was conducted using a
benchmarking dataset of 2,000 song profiles. The orchestrator was trained using Stochastic Gradient
Descent (SGD) over 100 epochs to observe the Mean Squared Error (MSE) loss trajectory. Crucially,
alongside the global network convergence, the multi-agent system exposes the decoupled activation
outputs of each individual agent. In an academic context, these parallel outputs function as independent
diagnostic dimensions, providing a granular decision-support matrix that serves as an expert consultant
prior to the final neural synthesis.

The training baseline initialized at a global MSE loss of 0.116407 (Epoch 0) and actively adjusted via
gradients to 0.111995 (Epoch 10) and 0.111796 (Epoch 30), before stabilizing into a local convergence
plateau of 0.111790 at Epoch 50 and a final 0.111789 at Epoch 99. This empirical stabilization confirms
that the framework successfully harmonizes global predictive optimization with transparent, agent-specific
metrics without optimization oscillations. By isolating individual plugin activations alongside this rapid
convergence trajectory, the architecture ensures that the system does not act as a closed black-box, but
rather as an explainable, multidimensional consulting tool open to future algorithmic adjustments.

Conclusion: This paper presents a dynamic, multi-agent framework that successfully transitions Hit Song
Science from speculative black-box predictions into an explainable decision-support system. By
decoupling commercial success into autonomous expert decisions and integrating them through a
predictable neural orchestrator, the architecture provides song creators with actionable diagnostics.
Future work will focus on expanding the benchmarking datasets, refining existing prompt strategies for
tighter Al integration, and introducing additional specialized agent nodes to make the consensus network
more robust.

Keywords: Multi-agent systems, explainable Al, machine learning, hit song science, neural networks
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Interpreting Machine Learning Model Performance in Biomedicine: From
Statistical Performance to Clinical Decision-Making

Marina Popovié Krneta', Miljana Tanié’

Machine learning (ML)-based clinical prediction models are increasingly used to support diagnosis,
prognosis, treatment selection, and risk prediction in biomedicine. Their successful application in clinical
practice, however, depends not only on statistical performance but also on whether their evaluation
reflects the clinical question the model intends to answer. In current practice, statistical performance is
often treated as sufficient evidence that a model will improve patient care. One of the clearest examples
of this tendency is the widespread reliance on the area under the receiver operating characteristic curve
(AUC). Although the AUC is an essential measure of discrimination, it does not indicate whether a model
is appropriate for the clinical question being asked. Used in isolation, it may therefore encourage
conclusions about clinical usefulness that are not supported by the intended application.

Bridging this gap requires rethinking how prediction models are evaluated for clinical use. Model
performance should therefore be viewed as a multidimensional concept comprising discrimination,
calibration, classification performance, and clinical utility (Van Calster et al., 2024). However, simply
reporting a broader range of performance measures does not guarantee clinically relevant evaluation; the
selection and interpretation of these measures must be guided by the clinical question the model is
intended to answer. The proposed framework begins by aligning distinct clinical objectives with the
performance measures most relevant to each decision context (Table 1). While these dimensions of
model performance are well established in the literature, the proposed framework takes the clinical
objective as its starting point, using it as the basis for selecting and interpreting the appropriate
performance measures.

Table 1. Selecting Performance Measures According to the Intended Clinical Objective

Primary clinical objective Least acceptable Performance measures to
error prioritize
Avoid missing patients who require further . Sensitivity, Negative Predictive
: False negatives
evaluation or treatment Value
Avoid unnecessary diagnostic or False positives Specificity, Positive Predictive
therapeutic procedures Value
Support individualized risk estimation Inaccurate risk Model Calibration

estimation

Once the relevant performance measures have been identified, the next step is to determine the decision
threshold that best reflects the clinical objective. Despite this, most ML software packages apply a default
decision threshold of 0.5, implicitly assuming that the same threshold is appropriate regardless of the
clinical context. A commonly used statistical alternative is the Youden index, which identifies a threshold
that balances sensitivity and specificity. Although useful as a statistical starting point, this approach
assumes that false-positive and false-negative results carry comparable clinical consequences (Deng et
al., 2025). For example, in cancer screening, where avoiding missed diagnoses is the primary clinical
objective, a lower decision threshold may be preferred to maximize sensitivity despite an increase in
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false-positive results. Consequently, the statistically optimal threshold is not necessarily the clinically
optimal one.

The interpretation of model performance does not end with selecting appropriate performance measures
and decision thresholds. It must also account for the characteristics of the population in which the model
will be applied. Positive Predictive Value (PPV) and Negative Predictive Value (NPV) depend on disease
prevalence and therefore cannot be interpreted independently of the target population. For example, a
model developed in a population with a high prevalence of disease may achieve a substantially lower
PPV when applied in a lower-prevalence screening population, despite similar discrimination. Therefore,
performance estimates should always be interpreted within the context of the target population in which
the model is intended to be used, rather than assuming that they are universally transferable (Park &
Han, 2018; Collins et al., 2024).

An example of the practical application of these principles is provided by our previous clinical prediction
study, in which model selection prioritized a sensitivity of at least 95% and the highest specificity
achievable at that level of sensitivity, while also considering the degree of overfitting (Popovi¢ Krneta et
al., 2023).

In conclusion, this framework shifts the evaluation of clinical prediction models from a statistically driven
to a clinically driven approach. By taking the primary clinical objective as its starting point, it provides a
structured workflow that aligns performance measures, guides the selection of decision thresholds
according to the clinical consequences of error, and contextualizes model performance within the target
population. The novelty lies in the synthesis of these established methodological principles into a
structured workflow for clinicians. Rather than reducing model evaluation to isolated statistical metrics,
this approach provides a practical pathway for translating model performance into clinically informed
decision-making.

Keywords: Machine learning, prediction models, performance measures, clinical decision-making,
decision threshold
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Same Pace, Different Path: An NLP-based Analysis of Gender Disparities in
IT Careers

Marjana Gligorijevict, Milena VujoSevi¢ Janici¢t, Jelena Graovac?

Women remain underrepresented in IT across Europe (Penzenstadler et al., 2025), yet existing data-driven
studies largely focus on the US or Western Europe (Hickey et al., 2022; Young et al., 2023), leaving
Serbia and the broader Central and Eastern European region underexplored. This study presents a
computational analysis of gender-based disparities across four dimensions: educational attainment,
career progression (advancement in job seniority), career interruptions, and language of self-presentation
based on profile data for IT professionals in Serbia. The study aims to identify whether measurable
gender-based disparities exist across these dimensions, and to characterize their nature and magnitude.
In addition, the study introduces a transparent, multi-layer gender classification methodology that may
serve as a reference for future computational social science research in similar regional contexts.

A dataset for this study was assembled from a corpus of 17,896 professional profiles of individuals based
in Serbia, obtained from a third-party provider of publicly available profile data. Only publicly accessible
fields were used; private information, contact details, and profile images were not collected. Personal
identifiers (names) were retained solely for gender inference and removed before aggregation and
analysis. Profiles were filtered to include only those with at least one identifiable IT role and documented
educational history, yielding 7,356 candidates. Gender inference follows a two-tier automated pipeline: the
gender-guesser Python library (high-confidence classifications only) and the Genderize.io APl queried
with Serbian country context at a minimum confidence threshold of 95%, with agreement between both
methods required. The remaining 1,033 profiles, unresolved by either method, were processed using
large language models in both zero-shot and few-shot settings. Each model received the candidate's
name, profile headline, and stated location as input. Four models were tested: Claude Sonnet 4.6, GPT-
40, Llama 3.1, and Mistral. A human annotator reviewed the outputs as part of a human-in-the-loop
validation step, and inter-annotator agreement was quantified using Cohen's kappa. Comparing results
across models and prompting strategies allowed us to gauge how sensitive the classification was to
model choice and prompt design, considering both alignment with human judgments and consistency
across models.

After filtering and two-method gender classification, 1,932 female and a larger number of male profiles
were confirmed with high confidence. To ensure gender balance and avoid confounding effects of unequal
group sizes, the male set was randomly downsampled to match the female count, yielding a final dataset
of 3,864 profiles (1,932 per group). Male profiles were selected based on descending Genderize.io
reliability scores to retain the highest-quality classifications. Job titles are normalized to a ten-level
seniority ontology (Intern, Junior, Mid, Senior, Lead, Manager, Director, VP, CXO, Founder) using a rule-
based classifier. For ambiguous or non-standard titles (e.g., Member of Technical Staff, Fellow,
Distinguished Engineer), Claude Sonnet 4.6 is also applied; LLM classifications are compared against the
rule-based baseline, with disagreements resolved through manual annotation. This hybrid approach
combines the interpretability of rules with the contextual flexibility of LLMs. Parallel roles (e.g., Founder
and CEO) are resolved by selecting the highest seniority attained.

Preliminary results indicate systematic differences across all four research dimensions. A career
progression analysis shows that, among profiles with observable full career trajectories, men reach senior
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or higher roles at nearly twice the rate of women (37% vs. 22%; n=719 vs. n=425; x?2=106.60, p<0.001).
Mean time-to-senior is similar across genders (about 5 years; Mann-Whitney U, p=0.13). These trends
are consistent with professional networking datasets (Hickey et al., 2022). Notably, women's profiles more
often begin at senior or higher levels, suggesting that early-career positions may be selectively omitted
from their public profiles. Women are more likely than men to hold postgraduate degrees among those
with educational records (MSc or PhD: 65% vs. 52%; x2=49.24, p<0.001). Yet, women show a higher
overqualification index (0.30 vs. 0.23; Mann-Whitney U, p<0.001), which suggests a mismatch between
qualifications and role level. Rule-based lexical analysis finds that men use achievement-oriented
markers (such as led, delivered, scaled) at almost twice the density of women, measured as occurrences
per 100 words. Since keyword counting captures surface form but not meaning, we complement this with
a sentence-level semantic classifier; Claude Sonnet 4.6 applied in a few-shot prompting setup. Rather
than counting specific words, this classifier assigns each sentence in a profile's self-description to one of
three rhetorical categories: achievement-oriented (quantified accomplishments), responsibility-oriented
(role descriptions), and collaborative (team-focused language). The semantic model is validated on a
manually annotated subset of 150 profiles, with an inter-annotator agreement of Cohen’s Kk =0.89 (Simon
et al., 2023). The classifier shows that both groups use responsibility framing in about two-thirds of
sentences (female: 67.9%; male: 68.3%). Women show slightly lower achievement orientation (15.4% vs.
17.5%) and higher collaborative framing (16.5% vs. 14.2%). These differences are in the hypothesized
direction but do not reach statistical significance (Mann-Whitney U, p =0.076-0.869). Thus, surface-level
lexical patterns may overstate differences in semantic framing. Career break detection shows that women
have employment gaps exceeding 6 months more often than men (42% vs. 35%; x2 = 19.68, p < 0.001).
The average break duration is similar for both groups (about 22 months). These findings suggest that
gender differences in Serbian IT careers lie in frequency and visibility rather than pace. If hiring algorithms
are trained on publicly available professional profile data, the observed disparities in language use and
career visibility may be inadvertently encoded into such systems (Simon et al., 2023; Young et al., 2023).
Explicit indicators of breaks are rare, reflecting a broader tendency to omit reasons for breaks from
professional profiles (Kargabaeva et al., 2026), which our data confirm for the Serbian context.

Future work will apply survival analysis via the Cox proportional hazards model to estimate time-to-
promotion while controlling for education and career interruptions, extend linguistic classifiers with fine-
tuned transformer models (BERT, DeBERTa), and triangulate findings with self-reported survey data.

Keywords: gender disparities, computational social science, career trajectory analysis, LLM and NLP,
women in IT

References

Hickey, P. J., Erfani, A., & Cui, Q. (2022). Use of LinkedIn data and machine learning to analyze gender
differences in construction career paths. Journal of Management in Engineering, 38(3).
https://doi.org/10.1061/(ASCE)ME.1943-5479.0001087

Kargabaeva, K., Yang, Y., & Anicin, L. (2026). Predicting career trajectories after career breaks: A data-
driven analysis using LinkedIn profiles. Lecture Notes in Computer Science. Springer.
https://doi.org/10.1007/978-981-95-7138-3_25

Penzenstadler, B., Boudaoud, K., Di Marco, A., & Caner-Yildirm, S. (Eds.). (2025). Actions for gender
balance in informatics across Europe. Springer. https://doi.org/10.1007/978-3-031-78432-3

Simon, V., Rabin, N., & Chalutz-Ben Gal, H. (2023). Utilizing data-driven methods to identify gender bias
in LinkedIn profiles. Information Processing & Management.
https://doi.org/10.1016/j.ipm.2023.103423

Young, J., Wajcman, J., & Sprejer, L. (2023). Mind the gender gap: Inequalities in the emergent
professions of artificial intelligence (Al) and data science. New Technology, Work and
Employment, 38(3), 391-415. https://doi.org/10.1111/ntwe.12278

100


https://doi.org/10.1007/978-981-95-7138-3_25
https://doi.org/10.1016/j.ipm.2023.103423
https://doi.org/10.1111/ntwe.12278

Building a Serbian Riddle Benchmark for Multicultural Evaluation of Large
Language Models

Danka Jokié', Milica Andri¢”, Neboj$a Damnjanovié’, Toma KnezZevié*

Large Language Models (LLMs) have achieved remarkable performance across a wide range of natural
language processing tasks. However, their ability to understand figurative language, culturally grounded
knowledge, and commonsense reasoning remains insufficiently explored, particularly in low-resource
languages. While existing evaluation frameworks have significantly advanced the assessment of
reasoning capabilities (Srivastava et al., 2023), recent work has emphasized the importance of culturally
grounded evaluation beyond translated benchmarks (Boczka, 2025; Chang et al., 2025). Furthermore,
studies based on traditional riddles have shown that even advanced multilingual models struggle with
culturally specific reasoning tasks (Sayeedi et al., 2025).

To address this gap, Cohere Labs initiated a collaborative international effort aimed at constructing a
multicultural benchmark based on riddles. The project brings together more than 40 teams from different
countries and language communities, with a particular emphasis on underrepresented languages. Unlike
many multilingual benchmarks that are translated from English, this initiative follows a participatory design
paradigm in which native speakers act as creators rather than translators. Such an approach enables the
inclusion of culturally specific knowledge, historical references, and linguistic phenomena that are often
lost in translation.

Riddles provide a particularly challenging testbed for language models because solving them frequently
requires commonsense reasoning, figurative interpretation, linguistic ambiguity, and cultural
understanding. Unlike conventional question-answering tasks, riddles often rely on indirect clues and
culturally shared knowledge, making them a useful instrument for evaluating reasoning beyond linguistic
fluency.

In this paper, we present the Serbian contribution to the benchmark and describe the process of
collecting, curating, and annotating Serbian riddles. Following the project guidelines, the collection
consists of 100 riddles distributed across ten thematic categories. Eight categories were predefined by
the organizing team to ensure comparability across languages, while two categories were selected locally
in order to capture culturally specific aspects of Serbian language and society. Each riddle was
independently assessed by a native-speaker evaluator who estimated its perceived difficulty for native
speakers.

Since the benchmark is still being prepared for publication, we avoid evaluating models on the benchmark
data itself. Instead, we conduct a preliminary pilot study using a separate held-out set of approximately 30
Serbian riddles that are not included in the benchmark. The goal of this pilot evaluation is not to provide
statistically robust model rankings, but rather to obtain initial insights into how contemporary LLMs handle
culturally grounded and figurative reasoning in Serbian. The pilot study aims to identify common strengths
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and failure modes of contemporary LLMs in solving culturally grounded Serbian riddles The evaluation
considers answer correctness, reasoning quality, and the relationship between model behavior and
human judgments of difficulty.

This initial study evaluated the performance of two models, Google Gemini 3.1 and OpenAl GPT-4o,
using the same prompt and model settings. Gemini managed to fully or partially answer 26 out of 30
riddles, while OpenAl GPT-40 answered 19. Preliminary results suggest that Gemini solved a larger
proportion of riddles than GPT-40 on the held-out set. Notably, the riddle 'Ima odraz kao ogledalo, ali se
kre¢e kao voda.' (eng. It has a reflection like a mirror, but it moves like water.) presented a significant
cognitive challenge, remaining unsolved by either model. Qualitative analysis of the models’ explanations
revealed frequent translation of Serbian riddles into English as an intermediate reasoning step before
attempting a solution. In several cases, this appeared to contribute to incorrect answers when culturally
grounded clues were interpreted outside their Serbian cultural context.

The main contribution of this work is the introduction of the Serbian component of a large-scale
multicultural benchmark designed to evaluate reasoning beyond simple multilingual language
understanding. The benchmark contributes a culturally grounded Serbian evaluation resource and forms
part of a broader multilingual effort to assess reasoning capabilities across diverse linguistic and cultural
contexts.

Keywords: Riddle Benchmark, Cultural Reasoning, Large Language Models
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Large Language Models and Emotion Annotation: From Open Vocabulary
to Standardized Taxonomies

Ulfeta Marovac®, Anida Vrci¢é Ammar’, Ajla Gudzevié®

Automatic emotion recognition represents one of the key challenges in modern natural language
processing. Most existing approaches rely on predefined emotion taxonomies, such as Ekman’s model or
the GoEmotions emotion framework (Demszky et al., 2020). The emergence of generative large language
models (LLMs), such as Llama 3 (Dubey et al., 2024), has introduced the possibility of open-vocabulary
emotion annotation, allowing models to identify and label emotions without being restricted to predefined
categories. In this study, we investigate how the behavior of a generative model changes when it is
allowed to freely name emotions compared to when it is constrained by a standardized emotion
taxonomy.

Experiments were conducted on a corpus of 404 Serbian-language narratives previously annotated by
two human annotators (Marovac & Vrci¢ Amar, 2025). Following the normalization process, the human
annotations comprised a total of 146 distinct emotion labels. In the first experiment, the generative model
Llama-3.3-70B-Versatile was not constrained by any predefined emotion taxonomy and was allowed to
freely identify and name emotions expressed in the text. The analysis revealed that the model generated
as many as 638 distinct emotion labels and emotion-related concepts, of which 92 overlapped with
human annotations, while 546 labels were unique to the model. In addition to conventional emotions, the
model frequently produced emotional states, relational concepts, and abstract notions, suggesting a
substantially broader representation of the emotional space than that employed by human annotators.

In the second experiment, the GoEmotions taxonomy (Demszky et al., 2020), one of the most
comprehensive resources for emotion analysis in natural language processing, was employed.
GoEmotions comprises 27 emotion categories and one neutral category and was developed from a large
corpus of user comments collected from Reddit. Previous experiments conducted on the same corpus
employed a GoEmotions-based BERT model as a reference system for multi-label emotion classification.
In the present study, human annotations were first normalized and mapped to the same 28 GoEmotions
categories, enabling a direct comparison between human judgments, the GoEmotions model, and the
generative LLM approach.

Based on the average scores of the two annotators, aggregated human labels were created and
subsequently binarized using a threshold of 0.30 for the purpose of multi-label comparison with the
model. The results show that the generative model achieved a Micro Precision of 0.4659, a Micro Recall
of 0.4799, a Micro F1 score of 0.4728, and a Micro Jaccard index of 0.3096, while the average document-
level Jaccard score reached 0.3256.

For comparison, a previously evaluated GoEmotions model, originally trained on the English GoEmotions
dataset, was applied to machine-translated Serbian narratives without any additional adaptation and
achieved a Micro F1 score of 0.06 and a Micro Jaccard score of 0.03. After fine-tuning on a corpus of
Serbian narratives mapped to the GoEmotions categories, the performance of the same model improved
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substantially, reaching a Micro F1 score of 0.50 and a Micro Jaccard score of 0.34 (Marovac & Vrci¢
Amar, 2026).

The findings suggest that one of the central challenges in emotion annotation may not be emotion
recognition itself, but the establishment of a shared and standardized emotional vocabulary that enables
reliable comparison across annotators and models. This is reflected in the fact that the unconstrained
generative model produced a substantially broader and less consistent set of emotion labels than those
used by human annotators. However, once the human annotations were mapped to the GoEmotions
framework and the model was restricted to the same 28 emotion categories, a substantial level of
agreement between human and model annotations was achieved (Micro F1 = 0.47; Micro Jaccard =
0.31). These results demonstrate that the generative model can approximate human emotion judgments
within a standardized taxonomic framework, despite not being explicitly fine-tuned for the emotion
annotation task. Overall, the results demonstrate that a general-purpose generative model, when guided
by a standardized emotion taxonomy, can approximate the performance of a specialized GoEmotions-
based classifier. Although no task-specific fine-tuning was performed, the model achieved a level of
agreement with human annotations comparable to that of the fine-tuned reference system, highlighting
the potential of large language models for emotion annotation tasks.

Keywords: emotion analysis, emotion annotation, generative large language models, multi-label
classification, natural language processing
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A Hybrid Statistical-LLM Pipeline for Generating Synthetic Survey
Respondents with Population-Aligned Distributions

Mladenovié M. 1[0000-0002-7973-452X]’ vujlcvic' Stankovié¢ s.2[0000-0002-7200-3724] , Kartelj A. 2[0000-0001-9839-6039]

Large language models (LLMs) have recently attracted attention as tools for simulating human survey
respondents. By conditioning an LLM on a demographic profile (age, gender, education, etc.),
researchers can generate synthetic responses to survey questionnaires at low cost, potentially replacing
or augmenting expensive fieldwork. However, a fundamental limitation persists: LLM-generated response
distributions often diverge significantly from real population distributions, especially for culturally specific
or minority subgroups (Suh et al., 2025; Xie et al., 2026). Independent evaluations further confirm that
demographic-only persona conditioning produces systematic positivity bias and reduced response
variance (Kaiser et al., 2025). Most existing approaches address this either through post-hoc calibration
of LLM outputs, fine-tuning on survey distribution data (Suh et al., 2025), or probabilistic prompt
engineering without explicit statistical grounding.

In our recent work (Kartelj et al., 2026), we used LLM persona simulation on a Serbian survey of 1,000
respondents with 93 non-demographic questions and 7 demographic target variables. That study
employed k-nearest neighbor (k-NN) augmented prompting, where the LLM received empirical response
distributions from the most similar real respondents. We evaluate the method comparing the distributional
fidelity of generated responses against the real population using KL divergence, Jensen-Shannon
divergence, Total Variation distance, and maximum absolute per-question difference - metrics established
as standard for this task (Xie et al., 2026). While effective, this approach had two limitations: the same k-
NN neighborhood was used for all questions regardless of which demographics actually influenced the
response, and the LLM generated answers question by question rather than as a coherent persona.

In this paper, we propose a hybrid two-phase pipeline that addresses both limitations. In the first phase, a
statistical model computes conditional response distributions P(answer | d) for each survey question
individually, where d is a demographic variable and pairwise conditional response distributions P(answer |
d;, d,), where d; and d, are the two most influential demographic variables for that particular question,
automatically selected via Jensen-Shannon divergence. For small demographic subgroups, weighted
smoothing is applied to stabilize the estimates. These per-question distributions serve as structured
behavioral priors. In the second phase, the complete set of priors for a given demographic profile is
injected into the LLM prompt, and the model generates all survey responses at once as a coherent
synthetic persona. Deploying a local open-weight model further enables token-level constrained decoding
to enforce structural validity of generated responses, addressing the high invalid-output rates reported for
open-weight models in comparable settings (Zhao et al., 2026).

No published work combines an explicit per-question statistical model as a pre-generation prior with
whole-persona LLM generation. Existing approaches either calibrate LLM outputs post-hoc rather than
guiding generation, fine-tune model weights rather than injecting distributions via prompts (Suh et al.,
2025), or learn mixture weights without a separate statistical model per question. Our approach requires
no model fine-tuning and is model agnostic, i.e. the same statistical priors can be used with any LLM. We
evaluate the pipeline on the same Serbian survey dataset (1,000 respondents, 93 questions, 7
demographic targets) used in our prior work and using the same measures. We benchmark against three
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baselines: (1) naive LLM prompting with demographic profile only, (2) k-NN augmented prompting from
our prior work, and (3) XGBoost as a purely statistical reference. Preliminary results suggest that injecting
per-question statistical priors substantially reduces distributional divergence compared to prompt-only
approaches, while preserving inter-question correlation structure, which purely statistical models cannot
capture.

In summary, this work presents a hybrid two-phase pipeline that integrates per-question statistical priors
with whole-persona LLM generation to produce synthetic survey respondents whose response
distributions closely match those of the real population. Three promising avenues emerge for future
investigation: (1) integrating grammar-guided and constrained decoding strategies to further reduce
invalid output rates in local open-weight models, (2) systematic evaluation across additional survey
instruments, languages, and model architectures to assess the generalizability of the approach, and (3)
explicitly modeling and preserving inter-question correlation structure to ensure that dependencies among
survey items in synthetic data reflect those observed in real respondents.

Keywords: LLM persona simulation, synthetic survey generation, distributional alignment, statistical
priors, hybrid pipeline
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LLM-Assisted Expansion of Serbian WordNet: Evaluating Prompting
Strategies for Synset Candidate Generation

Sasa Z. Petalinkar', Ranka Stankovié?, Cvetana Krstev®

The expansion of Serbian WordNet (SrpWN; https://wn.jerteh.rs/) from Princeton WordNet (PWN) cannot
be reduced to translation. PWN provides a broad English synset inventory (Fellbaum, 1998), and SrpWN
follows the EuroWordNet/BalkaNet model for Serbian (Krstev et al., 2004). However, differences in
coverage and lexicalization mean that PWN concepts cannot always be transferred directly into Serbian.
Previous studies have examined automatic synset construction and the use of LLMs to construct bilingual
wordnets (Bergh et al., 2025; Lam et al., 2014). This experiment evaluates whether an LLM can generate
Serbian synset candidates suitable for subsequent lexicographic review. Generated candidates are not
intended for direct insertion into SrpWN.

Each source synset was represented by its identifier, English gloss and literals (lexical units); the required
output was a candidate Serbian gloss and a list of candidate Serbian literals. All three workflows used the
same OpenAl gpt-4.1-mini model. Using a single model kept model choice constant so that the
comparison focused on prompting strategy; comparison between model families was outside the scope of
the study. All prompts included Serbian-language instructions to return standard Latin-script dictionary
lemmas (infinitives for verbs and nominative forms for nouns) and established lexical equivalents, while
avoiding invented calques and nonstandard forms. The prompts and implementation are available in the
public repository https://github.com/sasa5linkar/wordnet_autotranslate-.

Three prompting workflows were evaluated. The baseline directly translated the English gloss and literals.
The multi-step workflow first analysed the source synset, then translated the gloss and literals, expanded
the Serbian literal set, filtered candidates against the intended meaning, and reformulated the final gloss.
The conceptual workflow constructed a structured representation of the source concept from the gloss,
literals, examples, part of speech, domain information, and semantic relations. It then produced an
expanded English definition, used it to formulate a Serbian definition, generated candidate literals,
selected lexicalized Serbian expressions matching the intended sense, formulated the final Serbian gloss,
and checked the result for circularity, semantic shift, and inappropriate broadening or narrowing.
Accordingly, the workflows differed in how much semantic context informed literal selection.

The full generation series contained 1,734 candidate rows: 578 English synsets processed through the
three workflows, with 4,721 Serbian candidate literal occurrences. The manually evaluated subset
comprised 30 synsets and one output per workflow for each synset, yielding 90 reviewed rows. The
evaluation was conducted by one expert lexicographer. The resulting scores are descriptive, and inter-
annotator agreement was not calculated. Each criterion was scored from 1 (criterion not satisfied) to 5
(criterion fully satisfied); scores of 2, 3, and 4 indicated partial non-satisfaction, a neutral or partly
satisfactory result, and substantial satisfaction, respectively. Glosses were assessed for naturalness,
semantic adequacy, sense differentiation, part-of-speech-appropriate structure, and non-circularity.
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Literals were assessed for semantic adequacy, with separate flags and corrections for redundant and
missing lexical units.

The conceptual workflow obtained the highest mean across the five gloss criteria (4.71), followed by the
multi-step (4.56) and baseline (4.36) workflows. The baseline and conceptual workflows both received a
mean literal-adequacy score of 4.10, compared with 3.29 for the multi-step workflow, for which redundant
literals were recorded in 26 of 29 evaluable outputs. Missing literals were marked in 53 of 90 rows: 18/30
baseline, 17/30 multi-step and 18/30 conceptual outputs. This flag did not mean that no literal was
generated; it meant that the expert identified one or more appropriate Serbian lexical units absent from
the candidate set. The expert's comments identified several causes related to Serbian lexicalization that
were neither fully represented in the English source nor explicitly addressed by the prompts. All 15
evaluated verb outputs lacked at least one appropriate literal, frequently a perfective or imperfective pair;
the comments also noted Ekavian and ljekavian variants, additional synonyms, and appropriate
candidates removed during filtering. In the reviewed subset, the generated candidate sets were often
lexically incomplete despite generally high semantic-adequacy scores. The model output should therefore
be treated as candidate material in an expert-supervised workflow rather than as ready-to-import lexical
entries. Expert validation remains necessary before integration according to established SrpWN/PWN
alignment and resource-based augmentation procedures (Stankovic et al., 2018).

Keywords: Serbian WordNet, large language models, synset candidate generation, lexical-semantic
resources, lexicographic evaluation

Acknowledgment: This research was conducted with the support of the Science Fund of the Republic of
Serbia, project number: 7276 TESLA: "Text Embeddings - Serbian Language Applications" and ELEXAI
project No 731015: "European Lexicographic Infrastructure for Artificial Intelligence" funded by the
European Union's Horizon 2020 research and innovation programme.

References:

Bergh, J., Waitelonis, J., & Siegel, M. (2025). Leveraging LLMs for constructing WordNets automatically
as bilingual resources. In Proceedings of the 13th Global Wordnet Conference (pp. 203-211).
Global Wordnet Association. https://doi.org/10.18653/v1/2025.gwc-1.24

Fellbaum, C. (Ed.). (1998). WordNet: An electronic lexical database. MIT Press.

Krstev, C., Vitas, D., Pavlovi¢-Lazeti¢, G., & Obradovi¢, I. (2004). Using textual and lexical resources in
developing Serbian WordNet. Romanian Journal of Information Science and Technology, 7(1-2),
147-161.

Lam, K. N., Al Tarouti, F., & Kalita, J. (2014). Automatically constructing Wordnet synsets. In Proceedings
of the 52nd Annual Meeting of the Association for Computational Linguistics (Volume 2: Short
Papers) (pp. 106-111). Association for Computational Linguistics. https://doi.org/10.3115/v1/P14-
2018

Stankovi¢, R., Mladenovi¢, M., Obradovic, I., Vitas, M., & Krstev, C. (2018). Resource-based WordNet
augmentation and enrichment. In Proceedings of the Third International Conference on
Computational Linguistics in Bulgaria (CLIB 2018) (pp. 104-114).
https://aclanthology.org/2018.clib-1.14/

108



Development of an Artificial Intelligence Chatbot Agent for Financial Investment

Sonja D. Radenkovié"

Artificial intelligence (Al) in finance is increasingly being used in many companies [1[, while fundamental
financial analysis still requires the collection, calculation, and interpretation of multiple company-level
indicators [2,3]. This paper presents a step forward to both automated fundamental financial analysis and
investment decision support. It describes the design and implementation of Al-based chatbot agent
created to automate fundamental financial analysis in the process of identifying the liquidity and solvency
of the companies. The main goal was to investigate whether integrating financial-data retrieval, indicator
calculation, retrieval-augmented generation (RAG), and a large language model (LLM) can make
company analysis faster and more understandable. Unlike traditional fundamental analysis which requires
significant time and resources, especially in the collection, filtering and interpretation of data, this
approach enables faster recognition of important information and patterns that are important to investors.
The paper focuses on evaluating the advantages of the automated approach, as well as identifying
opportunities for further development and practical application in a real investment environment.

The architecture of an intelligent chatbot agent is shown in the Figure 1 and includes several
interconnected components. Each component has a special role, but the real quality of the system is
achieved through their integration. The first component is the web-based user interface through which the
user communicates with the chatbot. The second component is the message processing layer that
receives user input and prepares it for further processing. The third component is a large language model
(LLM), such as OpenAl, that is in charge for natural language queries by considering the context of the
conversation and generating response in a user-friendly manner. The fourth component is the retrieval-
augmented generation (RAG) layer that retrieves relevant contextual information from the knowledge
base and provides it to the large language model before response generation [5]. The fifth component is a
vector database that stores documents or document segments stored as the numerical representations
that enable semantic search. The sixth component is a knowledge base that may include frequently
asked questions, instructions, regulations, internal procedures and other relevant sources of information.
The quality of the knowledge base directly affects the quality of the chatbot agent's response. The
seventh component is the agent orchestrator that manages the overall interaction flow and decides which
system components should be activated for a specific user request. Depending on the context, the
orchestrator may decide whether to use a RAG-based search, call an application programming interface
(API), request additional information from the user, generate a response, or escalate the request when
necessary. In this way, the orchestrator functions as the main coordination layer connecting user
requests, the LLM, external model as well as the knowledge base.

Financial Dataand
Calcualtions
User Input Agent Large Language Plain Language
(Web Interface) Orchestration Model (LLM) Response
Knowledge Base
(Vector Database + RAG)

Figure 1. Components of the Al-chatbot agent
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The user session begins by initiating the interaction by prompting the usere user to enter the ticker of the
company to be analyzed(e.g. AAPL for Apple): Once the ticker name is obtained, the system retrieves the
most recent financial indicators for the selected company, such as free cash flow (indicates the ability of
the company to invest and pay dividends), total revenues (indicates the extent of the company's
dominance in the market), net profit (indicates how operationally efficient the company is), total debt
(represents the sum of all short-term and long-term liabilities), cash and cash equivalents (shows the
short-term stability of the company). In addition to indicators extracted from financial reports, as a result of
formulas and calculations, two additional financial indicators are obtained: discounted cash flows with a
projection for 5 years (shows whether the company is undervalued or overvalued by the market) and net
debt (shows the company's real exposure to liabilities). When the financial indicators retrieved and
calculated, The LLM then converts the numerical output into a plain-language interpretation, while the
RAG component supplies relevant contextual information. Generative Al can support knowledge work by
assisting with interpretation and communication [4]; however, the generated output is treated as decision
support rather than autonomous investment advice. Therefore, the artificial intelligence (Al) component
analyzes and interprets the results as a financial analyst, presenting them in a language that is
understandable even to users without complex financial knowledge. By combining traditional financial
indicators with advanced artificial intelligence algorithms, proposed approach can provide users with a
clearer understanding of company valuation, as well as facilitate the interpretation of complex financial
information.

The presented user session completed end-to-end workflow from ticker input to the financial indicators
and Al-generated interpretation. The main practical advantage is the integration of data retrieval,
calculation, contextual retrieval, and explanation in a single interactive workflow, which reduces manual
processing steps and improves the accessibility of fundamental-analysis results. These results
demonstrate the technical feasibility of the proposed approach; they do not establish superior investment
performance or the general reliability of Al-generated recommendations.

The study makes the following contributions: (1) an implemented modular architecture that integrates
financial-data processing with an Al conversational interface; (2) an automated workflow that combines
conventional liquidity, solvency, performance, indebtedness, and valuation indicators with Al-generated
interpretation; and (3) a prototype demonstration showing how complex financial results can be
communicated in plain language to users without advanced financial knowledge. The further direction of
development will be aimed at including a larger volume of indicators for fundamental analysis, as well as
combining it with a tool that specializes in technical analysis in order to complete a complete financial
analysis.

Keywords: Artificial Intelligence, Financial Investment, Chatbot, LLM.
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Building a Knowledge Graph from the Historical Serbian Encyclopedia
Sveznanje

Ranka Stankovié', Biljana Rujevié', Olivera Kitanovi¢'

The digitization of historical encyclopedias is essential for preserving and accessing structured cultural
knowledge, yet many projects remain limited to OCR-based text conversion. Andersson et al. (2026)
presented a pipeline for restoring encyclopedia structure through headword extraction, entry identification,
entity classification, cross-edition matching, and Wikidata linking. Applied to multiple editions of the
Swedish encyclopedia “Nordisk familjebok”, the approach achieved high accuracy in headword extraction
and classification, demonstrating the feasibility of automated processing of historical encyclopedic
knowledge and its integration into linked data environments. Wu et al. (2020) presented a framework for
constructing knowledge graphs from multiple online encyclopedias, addressing the limitations of sparse
non-English Wikipedia data. The framework combines knowledge extraction and knowledge linking
modules, enabling both periodic extraction of encyclopedia content and real-time processing of updated
entries. Entity and property matching were performed using heuristic and semi-supervised methods,
achieving better performance than existing approaches and enabling the creation of large-scale
multilingual knowledge graphs.

The goal of this paper is to create a semantically enriched knowledge graph from the historical Serbian
encyclopedia Sveznanje using TEI encoding, NER, relation extraction, and Wikidata linking. This paper
presents the creation of a knowledge graph based on the Serbian encyclopedia Sveznanje, a Serbian
general encyclopedia first published in 1937 in Belgrade (Petrovi¢, 1937). It covered a wide range of
topics from science, history, geography, culture, and technology, aiming to provide comprehensive
knowledge to a broad readership. The text is printed in two columns with paginated columns. The
encyclopedia was published in two volumes comprising 1500 pages (2720 columns). For this task
illustrations were not used. The encyclopedia represents an important cultural and educational resource in
Serbian publishing history and is today valuable for digital humanities and knowledge graph research. A
comprehensive encyclopedic resource is partially available in digital form through Wikipedia® and
additional digitized volumes were provided by the University Library “Svetozar Markovié”.

The encyclopedia content available on the web was converted into a structured TEI-XML format, while the
newly digitized material underwent OCR processing followed by extensive manual correction, structural
enrichment, and normalization. The processing pipeline included the identification and annotation of
encyclopedia entries, resolution of abbreviations, metadata structuring, and semantic enrichment,
enabling the transformation of raw digitized text into a machine-readable and interoperable resource
suitable for linked data and knowledge graph construction. The workflow included encyclopedia article
structural annotation, partially automatic abbreviation resolution, named entity recognition (NER), and
linking of entities to Wikidata, enabling integration with the Linked Open Data ecosystem. For semantic
annotation, a very important step is NER that will rely on models developed within project TESLA (Text
Embeddings — Serbian Language Applications) that recognize 7 entity types: persons, organizations, locations,
professions, events, demonyms, works of art (Ikoni¢ Nesi¢ et al. 2026).

! https://sr.wikisource.org/wiki/CsesHarbe
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A crucial part is relation extraction that will follow the approach established in (Stankovi¢ et al. 2026),
where relation extraction was applied on theTeslaNER+ dataset, a large corpus of over 150,000
sentences annotated with named entities and linked to Wikidata. Nineteen semantic relations across
multiple domains, including literary texts, were selected and extracted using both rule-based finite-state
transducer (FST) methods and LLM-based prompting. The set of relations is predefined, and possible
subject—object combinations are specified according to entity types. For this experiment, the following
relations were selected: between persons (colleagueOf, managerOf, parentOf, relativeOf, siblingOf,
marriedTo, spouseOf); between persons and organizations (educatedAt, managerOfOrg, affiliatedWith);
between persons and locations (residesin, bornAt, diedAt); between persons and works (authorOf);
between organizations (partOfOrg); between organizations and locations (basedIn); between locations
(partOfLoc); and relations connecting events with persons (eventPers) and locations (eventLoc).
Experimental results on 23,000 sentences show that the FST approach achieves higher precision (0.77)
but lower recall (0.39), while the LLM approach provides very high recall (0.97) at the cost of lower
precision (0.65), greater computational expense, and slower processing.

The proposed knowledge graph combines textual, structural, and semantic information extracted from
encyclopedia articles. In addition to entity linking, articles were automatically classified according to their
domain and semantic type, including categories such as biographies, historical events, locations,
organizations, concepts, and cultural artifacts. The resulting graph enables advanced semantic search,
exploration of relationships between entities, and interoperability with external knowledge bases.

The paper describes the digitization and enrichment pipeline, TEI modeling decisions, semantic
annotation procedures, and graph construction methodology. Special attention is given to the challenges
of processing historical encyclopedic content in Serbian, including orthographic variation, abbreviation
disambiguation, and entity normalization. The resulting resource represents an important contribution to
Serbian digital humanities and language technologies, providing a reusable infrastructure for semantic
search, corpus analysis, and knowledge-driven applications.

Keywords: NLP, Knowledge Graphs, NER, NEL, Serbian
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Cross-lingual subword mapping from parallel corpora

Mihailo Skorié

Subword tokenization is the foundation of text representation for large language models (LLMs). This
enables them to process diverse inputs with efficiency and scalability. However, most widely adopted
tokenizers are trained on English or broad multilingual corpora, which often fail to capture the nuances of
under-represented languages such as Serbian. Training LLMs entirely from scratch for these languages is
not a practical solution either, as it would require trillions of tokens to achieve competitive performance.
Instead, we rely on transfer learning, where knowledge acquired in high-resource languages is adapted to
low-resource ones. A critical component of this process is embedding weight initialization: by starting with
informed rather than random weights, models can converge faster and generalize more effectively. This is
where cross-lingual subword mappings become important. By aligning subwords with those of resource-
rich languages, we can bootstrap embeddings without massive monolingual corpora, ensuring that
models benefit from shared knowledge while still respecting the unique lexical structure of the student
model’s language.

One example of cross-lingual subword mapping is Subword Mapping and Anchoring (SMALA), which
introduces unsupervised alignment techniques to establish links between subwords of different languages
(Vernikos, 2021). SMALA explicitly learns correspondences between subwords via processing learned
embeddings, thereby improving zero-shot transfer in tasks such as machine translation. Empirical results
demonstrate that SMALA significantly boosts BLEU scores and cross-lingual accuracy compared to
baseline multilingual tokenizers, underscoring the importance of structured subword alignment for
morphologically complex languages. However, the reliance on learned embeddings makes the approach
somewhat convoluted: it works well for mappings within an existing vocabulary, but the method does not
naturally extend to new, unknown tokens. This limitation reduces its usability for scenarios such as
tokenizer vocabulary extension or the initialization of embeddings for newly introduced subwords, where
flexible token-to-token mapping strategies are required.

Another influential resource in the space of cross-lingual mapping is Word2Word, an open-source project
that provides cross-lingual word mappings covering over 100 languages, and the means to produce new
them (Choe et al., 2020). Word pair candidates are extracted from large parallel corpora (Lison et al.,
2018), based on cooccurrence and aligned into simple and lightweight word-to-word mappings that can
be directly used for tasks such as cross-lingual embedding alignment, and low-resource machine
translation. Its wide coverage and open availability have made it a common baseline in comparative
studies. However, because the method operates strictly at the word level, it is not fully compatible with the
LLM paradigm, fundamentally built on subword tokenization.

Building on Word2Word, we adapt its cross-lingual word-level mapping into a cross-lingual subword
mapping framework. Instead of aligning surface words directly, we modify the tokenization procedure by
splitting parallel text into subwords using HuggingFace tokenizers. This enables two complementary
modes of operation: (1) both languages can be tokenized with the same tokenizer, producing a direct
cross-lingual mapping of tokens within a single shared vocabulary; or (2) each language can be tokenized
with a different tokenizer, yielding a vocabulary-to-vocabulary mapping across tokenizers. The first mode
is useful for analyzing how a unified tokenizer handles morphologically rich languages, while the second
mode is beneficial for practical applications such as initializing LLM embedding weights for a new
tokenizer or tokenizer extension. By shifting the alignment from words to subwords, we hope to provide a
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principled way to bootstrap cross-lingual transfer learning at the tokenizer level as a pathway for
integrating new languages into LLMs without the need to train from scratch.

Using this approach, we construct two initial mappings: Serbian—Russian and Serbian—Chinese (zh). For
parallel corpora, we rely on the OpenSubtitles dataset (same as Word2Word). Each parallel segment is
tokenized using Hugging Face tokenizers, specifically the Qwen3.5 tokenizer (Qwen Team, 2026) for
Russian and Chinese text, and a newly constructed Serbian tokenizer for Serbian text. The Qwen3.5
tokenizer was chosen for its strong support for Chinese and Russian, with the immediate goal of
procuring reliable cross-lingual subword mappings and the secondary goal of extending the Qwen3.5
tokenizer with new Serbian tokens in the future.

These initial mappings serve as a constructive starting point for future research. Rather than presenting
evaluation results at this stage, we focus on delivering the mappings themselves as a resource that can
be built upon. They provide a basis for extending multilingual tokenizers, initializing embedding weights
for new vocabularies, and exploring how subword alignment can enhance transfer learning in large
language models, especially for under-represented languages such as Serbian.

Keywords: cross-lingual, subword mapping, tokenizers, transfer learning
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Exploring Narrative Frames via Emotional and Moral Signals in Text: A
Knowledge Graph Approach to Analyze Social Discourse

dr Milena $osi¢', prof. dr Ranka Stankovié’

This study investigates the role of emotional and moral signals in shaping narrative frames within social
discourse, with a particular focus on propagandistic and misleading content. In the context of the rapid spread of
misinformation across digital platforms, there is an increasing need for analytical frameworks that move beyond
surface-level textual representations and provide deeper interpretability of manipulative communication strategies.
Traditional Natural Language Processing (NLP) approaches to misinformation detection have primarily relied on
lexical, syntactic, or statistical features, often overlooking the socio-cognitive mechanisms that make such narratives
persuasive. This study argues that narrative operates through systematic emotional appeal and moral framing that
influence audience perception and reinforce ideological positions. The proposed framework integrates two
theoretical perspectives: Plutchik’s model of basic emotions (Plutchik, 2001) and Moral Foundations Theory (MFT)
of moral norms identified as shared across the cultures (Graham et al., 2009) into the knowledge graph structure to
evaluate narrative frames. Emotional categories such as anger, fear, sadness, joy, disgust, surprise, trust, and
anticipation are modeled as affective signals shaping the tone of discourse, while moral dimensions including
care/harm, fairness/cheating, loyalty/betrayal, authority/subversion, sanctity/degradation, and liberty/oppression,
capture normative judgments embedded within the text. By combining emotional and moral analysis, the framework
identifies narrative structures frequently associated with propagandistic communication, including “us versus them”
polarization, victimization, heroism, and conspiracy framing (Freeman, 2023).

The main contribution of the study is the development of a multidimensional annotation schema designed for the
structured analysis of social discourse. Designed schema captures multiple interacting layers of communication, that
includes truthfulness, emotional affect, moral foundations, propaganda techniques, narrative framing, audience
targeting, and event domains. Proposed rich hierarchical representation enables a comprehensive modeling of
conversation dynamics by linking rhetorical strategies with their emotional and moral underpinnings. In addition to
narrative analysis, the schema provides a foundation for related tasks such as automated truthfulness assessment,
misinformation detection, and early recognition of hate speech communication patterns. To operationalize this
approach, the study introduces a multi-stage methodology consisting of data collection, annotation, knowledge
graph construction, and graph evaluation on multiple classification tasks. A corpus containing Serbian
conversational discourse related to socially significant events in Serbia was constructed from heterogeneous sources
including news articles, Reddit discussions, and synthetically generated posts associated with politically polarized
and propagandistic discourse. The dataset preserves the conversational structure by linking news articles and social
media posts with their associated comments and discussion threads. Such hierarchical organization enables analysis
of how emotional and moral signals propagate across interactions, and allows the study of narrative reinforcement,
polarization dynamics, and the influence of conversational context on downstream classification tasks (Sosi¢, 2025).
Semantic annotations were produced using the Large Language Model (LLM) GPT-5.1, guided by a predefined
annotation schema, while human annotators validated and refined the emotional, moral, and rhetorical signals
produced by the model. Human annotators were trained to identify mappings across multiple interconnected
ontologies defined within the annotation schema, including emotion categories derived from the Plutchik model,
moral foundations based on MFT, and novel ontological structures for propaganda, narratives, and misinformation
introduced in this work.
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Figure 1. Excerpt from the SociaIDosuc'our'S'é;K»G graph representing narrative frames (blue), moral
(pink) and emotional (red) nodes with the cooccurrence relationships.

A central component of the framework is the construction of a knowledge graph, named SocialDiscourse.KG, with
the nodes corresponding to discourse elements, and edges encoding co-occurrence patterns and semantic
associations (Ji et al., 2021). Initial descriptive graph analysis indicates that fear and anger frequently co-occur with
authority and loyalty moral values in conspiracy narratives, while anger combined with fairness predominantly
appears in accusatory and polarizing conversations. Graph-derived features, such as node centrality, community
detection, and recurrent subgraph frequencies, are integrated as additional context into machine learning classifiers
for narrative frame, propaganda and misinformation detection. Compared to lexical baselines, the proposed
approach improved classification accuracy on narrative frame tasks for +8.2% and F1-score for +7.3%. The same
feature space also showed strong discriminatory potential for identifying propagandistic and misleading narrative
patterns. Future work will focus on expanding the corpus with additional samples such as parliamentary debates,
improving annotation robustness with Human-in-the-Loop (HITL) agentic workflows, and extending the framework
toward multimodal and multilingual settings. Through the integration of multiple knowledge domains, knowledge
graphs, and advanced machine learning methods, the study provides a comprehensive and interpretable framework
for understanding different types of narratives in digital communication. Initial results demonstrate that emotional
and moral features improve classification performance across narrative analysis tasks and provide valuable insights
how the socio-cognitive mechanisms of underlying propaganda, misinformation, and competitive discourse operate.
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Do Domain-Specific Financial Models Still Matter in the Era of Large
Language Models?

Irena Vodenska®, Ulfeta Marovac?, Admir Hamzagié*, Dalila Pramenkovié*

Recent advances in natural language processing have significantly improved the automatic analysis of
financial texts. Financial news sentiment has long been considered an important source of information for
understanding stock market behavior and predicting market trends. Previous studies have shown that
sentiment extracted from financial news can contribute to the prediction of stock returns and market
dynamics (Li et al., 2014). Furthermore, the development of deep learning and Transformer-based
architectures has substantially improved the performance of financial sentiment analysis systems (Mishev
et al., 2020). More recently, domain-specific models such as FInBERT have demonstrated strong
performance in extracting financial information from textual data and predicting stock price movements
(Gu et al., 2024). At the same time, the emergence of large language models (LLMs) has opened new
possibilities for context-aware interpretation of financial news and market events (Dong et al., 2025).
Recent studies have demonstrated that advanced general-purpose large language models can
outperform both traditional dictionary-based methods and domain-specific financial models such as
FinBERT in stock return prediction and sentiment-driven trading strategies, highlighting the benefits of
richer contextual language understanding (Kirtac & Germano, 2024). In parallel, large language models,
particularly domain-specific models such as FInBERT, have also demonstrated substantial improvements
over conventional machine learning approaches in financial sentiment analysis and market forecasting,
emphasizing the importance of contextual semantic representations in financial applications (Qi, 2025).
However, it remains unclear whether general-purpose LLMs can fully replace financial-domain models in
tasks involving both human interpretation of sentiment and market-oriented financial analysis.

This study investigates this question using a collection of 299 financial news articles related to companies
included in the Dow Jones Industrial Average (DJIA), extracted from a broader dataset covering
companies from the S&P 500 index. The study compares the performance of a large language model
(LLM), a smaller language model (SLM), and the financial-domain model FInBERT in a company-oriented
sentiment analysis task. In addition to human evaluation, the relationship between sentiment generated
by the models and stock price movements before and after news publication is examined. The analysis is
further motivated by the Efficient Market Hypothesis (EMH), which assumes that publicly available
information is rapidly incorporated into stock prices, thereby limiting the ability of investors to predict
future market movements and achieve abnormal returns based solely on newly released information
(Fama, 1970). For human-centered evaluation, a subset of the dataset was independently annotated by
three human evaluators using positive, neutral, and negative sentiment labels. A consensus annotation
was used as the reference for model evaluation. The average inter-annotator agreement was 71.1%,
corresponding to an average Cohen’s k of 0.57. The results show that the LLM achieved human-level
agreement with the consensus annotations (73.3%, k = 0.60), outperforming both the SLM (63.3%, K =
0.45) and FinBERT (36.7%, k = 0.09).
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Analysis of inter-model agreement revealed an almost perfect alignment between the LLM and SLM
approaches, achieving 87.6% agreement with a Cohen’s k of 0.808. In contrast, agreement between
FinBERT and the other models was substantially lower, reaching 45.8% (k = 0.194) for LLM versus
FIinBERT and 46.8% (k = 0.213) for SLM versus FinBERT. These findings suggest that the LLM and SLM
adopt a highly similar company-oriented interpretation of sentiment, whereas FInBERT captures a
broader notion of financial sentiment that differs considerably from the interpretations produced by both
language models. The relationship between sentiment and stock price movements was further examined
over a period spanning five days before news publication (m1-m5) and five days after publication (p1—
p5). The highest agreement with market trends was observed in the pre-publication period, reaching
46.2% for the LLM, 45.5% for the SLM, and 38.9% for FInBERT at the one-day horizon (m1). Agreement
generally declined as the temporal distance from publication increased. In the post-publication period,
FInBERT achieved the strongest alignment with market movements, reaching 40.6% agreement at both
pl and p2, whereas the LLM and SLM obtained lower values ranging between 30% and 37%. While the
LLM and SLM more closely reproduced human sentiment judgments, FinBERT demonstrated
comparatively stronger alignment with market behavior after news publication. This pattern is broadly
consistent with the Efficient Market Hypothesis (Fama, 1970), which suggests that publicly available
information is rapidly incorporated into stock prices.

Overall, the findings indicate that human-perceived sentiment and market-relevant sentiment do not
necessarily represent the same phenomenon. Large language models more accurately reproduce the
way humans interpret the impact of news on a specific company, whereas FInBERT appears to capture
signals that are more closely associated with subsequent market behavior. These results suggest that
domain-specific financial models continue to provide complementary value for financial analytics despite
the rapid progress of generative Al systems. Although this study is limited to a relatively small dataset and
a single company-oriented sentiment analysis task, the observed differences between general-purpose
LLMs and domain-specific financial models may extend to other financial text analysis scenarios. Future
research should validate these findings on larger datasets, additional financial domains, and other
downstream tasks such as event detection, risk assessment, and investment recommendation. From a
practical perspective, the results suggest that combining insights from general-purpose LLMs and
domain-specific financial models may provide more reliable decision support for financial analysts and
investors by integrating human-oriented sentiment interpretation with market-oriented financial signals.

Keywords: financial sentiment analysis; large language models; FInBERT; stock market prediction;
Efficient Market Hypothesis.
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