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Foreword

This is already the fiftth MATCOS — the conference that connects two seemingly unconnectable terms application
and theory into a conference on applied theoretical computer science. When we started to organize the first
MATCOS conference back in 2013, we could only dream of creating a tradition. Our previous conferences focused
on building: we tried to create a new conference venue in Central Europe, and we worked very hard to achieve
this. Many cities are experimenting with organizing conferences in various fields of computer science and/or
mathematics, but not everyone can manage to realize their plans. Organizing a conference is a hard work, but
thanks to the tireless efforts of OC and PC members, and everyone who used their connections, here we are.

As a result of the review process, the PC accepted 20 regular papers, and these are included in the Proceedings.
In keeping with our previous efforts, we want to give young researchers a chance this year as well, so we gave
special consideration to the papers submitted by PhD students and, in some cases, included a few of them among
the regular talks. The 14 short talks that were accepted provide an opportunity to further broaden the spectrum
of research presented at MATCOS.

In previous years, we have invited speakers who are leading experts in their fields to give plenary presentations
at MATCOS conferences. This year’s conference is no exception: Michel Bierlaire, professor at the Ecole
Polytechnique Fédérale de Lausanne (EPFL), has accepted our invitation. His research field — transport research
— fits well within the scope of MATCOS, and his presence provides a good opportunity to establish and deepen
personal relationships.

A warm welcome to all MATCOS-25 participants, and we hope you enjoy these two days in Koper. Get
to know the city, because Koper is one of the diamond of Istria. We are confident that the coming days will
contribute to the further development of existing relationships, and we hope that new professional groups will
also be formed with the help of the MATCOS conference.

On behalf of the organizers

Andrej Brodnik and Gabor Galambos
Co-chairs
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Dear participants of MATCOS-25,

It is a great pleasure to welcome you to the University of Primorska — to the Faculty of Mathematics, Natural
Sciences and Information Technologies (UP FAMNIT) and the Andrej Marusi¢ Institute (UP TAM).

Since the establishment, our institutions have pursued excellence in research, education, and international
collaboration. The relatively young and dynamic academic teams at UP FAMNIT and UP IAM provide flexibility
in addressing the needs of students while maintaining a strong focus on high-quality research and international
engagement. Over the years, our faculty, researchers, and students have achieved significant recognition both
nationally and internationally.

Since the last MATCOS conference in 2022, we (co)organized several major international scientific events.
These include the European Girls’ Mathematical Olympiad (EGMO 2023), which brought together more
than 250 young mathematicians from over 60 countries; the first European Summer School on Artificial
Intelligence (ESSAI & ACAI 2023), providing advanced training and fostering collaboration among emerging
AT researchers; the SymBioSE Symposium for Biology Students in Europe, a platform for student-led
exchange of research and ideas; 32nd World Congress of the International Association for Suicide
Prevention (IASP 2023), which convened international experts to share knowledge and strategies for addressing
mental health challenges; the International Symposium on Phlebotomine Sandflies (ISOPS XI), an event
highlighting the latest research on vector biology and disease control; and the 14th European Vertebrate
Management Conference (EVMC 2025), which gathered researchers and practitioners to discuss advances
in the management, conservation, and study of vertebrate species across Furope. These events underscore our
commitment to fostering international scientific cooperation and interdisciplinary research.

In November 2023, the University of Primorska officially joined the Transform4Europe alliance, a
European university initiative comprising eleven diverse universities from across Europe, promoting collaboration
and innovation in higher education.

In 2024, UP FAMNIT and UP IAM initiated a formal partnership with the UNESCO Regional Bureau
for Science and Culture in Europe, including a study to track the academic and professional trajectories of
FAMNIT graduates as well as initiatives aimed at supporting STEM students through scholarships. We also
advanced support for mental health research conducted by the Slovenian Centre for Suicide Research (SCRS)
and for the ongoing activities of their online platform Ziv? Ziv!, which provides resources and support for suicide
prevention in Slovenia.

Strengthening openness, accessibility and cooperation with international partners has enabled the faculty to
include a greater number of foreign experts in teaching processes and in research activities, and to offer some
study programs in both Slovenian and English languages. The international composition of our student body
continues to grow, with more than 50 percent of students enrolled in academic year 2025/26 coming
from abroad.

UP FAMNIT and UP IAM also remain committed to outreach and public engagement in science. Initiatives
such as summer schools, public lectures or the European Researchers’ Night exemplify our efforts to promote
scientific knowledge and inspire interest in STEM fields among students and the broader community. We also
strive to actively promote gender equality in STEM. As part of this effort, the university raises awareness,
challenges stereotypes, and highlights the achievements of female researchers in STEM fields. Notably, in 2024
Dr. Anna Sandak became the first female scientist in Slovenia to secure a European Innovation Council
Pathfinder project, reflecting the high quality and international competitiveness of research conducted at UP
FAMNIT and UP TAM.

Finally, we are preparing to celebrate a significant milestone: in 2026, FAMNIT will mark its 20th
anniversary, reflecting two decades of growth, academic excellence, and international recognition. This milestone
will serve as both a moment of reflection and an inspiration for future development. We are confident that
MATCOS-25 will provide an excellent platform for knowledge exchange, collaboration, and the dissemination
of innovative research. We look forward to the discussions, presentations, and interactions that will advance
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scientific understanding and foster new collaborations. We wish you a productive and successful MATCOS-25.

P

// |

Ademir Hujdurovié Vito Vitrih
Dean Director
Faculty of Mathematics, Natural Sciences Andrej Marusi¢ Institute

and Information Technologies
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Dear Colleagues,

We are delighted to welcome you to the Middle-European Conference on Applied Theoretical Computer Science
(MATCOS 2025). The event is organized by the Andrej Marusi¢ Institute (UP IAM) and the Faculty of
Mathematics, Natural Sciences and Information Technologies (UP FAMNIT), both part of the University of
Primorska. As in previous years, MATCOS is held under the umbrella of the Information Society multiconference.

MATCOS 2025 continues its tradition of connecting theory with practice. The conference serves as a forum
both for theoretical results that may inspire practical applications, and for applied solutions that build upon
fundamental ideas in computer science. This year’s program opens on Thursday with an invited lecture by
Michel Bierlaire (Ecole Polytechnique Fédérale de Lausanne, Switzerland), entitled Predicting Human Behavior
with Optimization, followed by contributed presentations on Thursday afternoon and Friday.

This year we again introduced, besides regular talks, also short ones. This format enables more researchers to
share their work, enriches the discussions, and fosters new collaborations. In total, we are presenting 20 regular
papers and 14 short papers, arranged in parallel sessions to allow flexibility for participants to follow the topics
most relevant to them. More than 40 colleagues from different institutions have joined us this year, and we are
confident that their contributions will generate lively exchanges and new insights.

The proceedings include all regular papers as part of the Information Society multiconference. In addition, a
selection of the best presentations from MATCOS 2025 will be invited for an extended version in a special issue
of Informatica.

We extend our heartfelt thanks to the organizing committee and the supporting staff at UP TAM and UP
FAMNIT. Their commitment and hard work have been essential in making this conference possible.

We wish you engaging discussions, fruitful collaborations, and an enjoyable stay in Koper.

Koper, October 5th, 2025

Andrej Brodnik, co-chair of programme committee
Rok Pozar, chair of organizing committee

Organizing committee
Rok Pozar, chair

Jani Suban

Dani Zugan
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Program

Thursday Timetable

12:30 Registration
13:45 VP1
Official Opening

14:00 Invited Talk (Chair: G. Galambost)

Michel Bierlaire: Predicting Human Behavior with Optimization
15:00 Coffee break
15:30-17:00 Avla MP1
Scheduling 1 (Chair: A. Quilliot) Software (Chair: N. Musliu)

15:30 D. Baldouski, B. David, M. Krész: Merg- B. Hren, T. Dobravec: ALGatorGraph: A
ing Operations in the Open-Shop Scheduling Java Library for Graph Generation and Ma-
Problem nipulation within the ALGator System.

16:00 Cs. Kebelei, M. Hegyhdti: Flexibility vs. Ef- G. Kusper: Engineering CSFLOC:: A
ficiency: a Study in Sawmill Scheduling Subsumption-Driven Clause-Counting SAT

Solver.

16:30 V. Argilan, J. Békési, G. Galambos, I. Papp: L. Alland, A. Sali, N. Wu: Non-redundant
Implementation of a Vehicle and Driver Systems of Independence Atoms in Relational
Scheduling Model: a Case Study Databases.

17:00 Coffee break

17:30-18:50 Avla MP1
Graph Theory 1 (Chair: G.O.H. Ka- Applications 1 (T. Dobravec)
tona)

17:30 E. Gyori: Turan numbers of planar graphs. P. Appiah, A. Awasthi: Digital Forensics: De-
velopment of Advanced Process Framework
for Mobile Forensics (Apfmf).

17:50 M. Vass, P. Kardos, R. Farkas, M. Krész: 1. Gjergji, L. Kletzander, N. Musliu, A.

DogMa: A Dogtag-Based Knowledge Graph  Schaerf, K. Smith-Miles: Investigating the Ca-
Entity Matching Framework. pacitated Facility Location Problem with Cus-
tomer Incompatibilities Using Instance Space
Analysis.
18:10 M. Simonovits: Stability phenomena in Dis- L. Heidrich, A. Kovdcs, G. Kusper: A Stochas-
crete Mathematics. tic Forecasting Engine for Sports Analytics
Using Monte Carlo Simulation.
18:30 J. Zerovnik: On 4-domination and 4-rainbow M. Varadi, Zs. Ercsey, T. Storcz, Z. Kovécs:
domination of cylindrical graphs. Advantages of solving the tram driver assign-
ment problem using process networks.
19:30 Conference Dinner
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Friday Timetable

08:30 Registration

09:00-10:00 VP1 MP1
Automata Theory (Chair: E. Gyori) Applications 2 (Chair: J. Békési)

09:00 P. D6mési, G. Horvath: Scrambler Automa- S. P. Tahalea, M. Krész: Towards a Category-
ton Block Cipher for IoT Devices. Theoretic Informatics Model of PSPP Link-

ages in Biomaterials.

09:30 B. Nagy: Automata for context-free trace M. Kiss, G. Berend: Cost-Sensitive Overview
languages and permutation languages. of Model Ensembling for Machine-Generated

Text Detection.

10:00 Coffee break

10:30-12:00 VP1 MP1
Scheduling 2 (Chair: B. Nilsson) Applications 3 (Chair: A.Sali)

10:30 A. Dabbous, A. Béta: Hybrid Reinforcement N. Kovacevié¢, C. Tavzes, B. David: A discrete
Learning Enhanced Genetic Algorithm for the event simulation model for analyzing the wood
Capacitated Vehicle Routing Problem with waste reverse supply chain.

Split Deliveries and Heterogeneous Fleet.

11:00 M. Hegyhati: Empiric results on the achiev- A. Szaller, B. David, P. Egri, M. Krész, J.
able performance gains by the inclusion of Vancza: Robust (re)Design of Material Flow
instance-specific information in a scheduling in Circular Networks — a Scientific Approach.
optimizer.

11:30 A. Quilliot: Bi-Level Routing and Scheduling. ~ S. Horvat, D. Strnad, D. Mongu, M. Brumen:
Harvest plan generation in precision agricul-
ture.

12:00 Lunch

14:00-15:00 VP1 MP1
Graph Theory 2 (Chair: M. Krész) Applications 4 (Chair: A. Brodnik)

14:00 S. Szabo, B. Zavalnij: Reducing #SAT to A. Mansour, Cs. Beleznai, F. F. Oberweger,
k-clique enumeration. V. Widhalm, N. Kirillova, H. Possegger: A

Synthetic Multi-View Tracking and 3D Pose
Dataset for Automated Airport Visual Surveil-
lance.

14:30 S. P. Tahalea, A. Kawa, B. Ddvid: Modularity —D. Podgorelec, L. Lukaé, S. Peénik, B. Repnik,
aware graph clustering for exploratory tasks B. Zalik: Sphere Target-Based Point Cloud
with a case study of the biomass supply chain. Registration in a Railway Safety Application.

15:00 Coffee break

15:30-16:30 VP1 MP1
Science (Chair: M. Simonovits) Network (Chair: B. Zavéilnij)

15:30 G. O. H. Katona: Identification of a mono- J. Pavlovi¢, L. Hajdu, M. Krész: Modeling
tone Boolean function with k “reasons” as a  Diffusion on Networks Reshaped by Global
combinatorial search problem. Interventions.

15:50 J. Suban: The Impact of Alphabet Size on J. Konc, D.Janezi¢: Efficient Algorithms for
Text Indexing. the Maximum Weight Clique Problem with

Applications to Protein Binding Site Analysis.

16:10 U. Cibej: A catalogue of small patterns of M. Pozar, M. Krész: Towards Network-Aware
uniquely satisfiable formulas. Uplift Modeling via Influence Maximization.

16:30 VP1

Conference closing




MiIDDLE-EUROPEAN CONFERENCE ON APPLIED THEORETICAL COMPUTER SCIENCE — MATCOS 2025

Keynote Speaker

Michel Bierlaire

Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland

Michel Bierlaire is a Professor at the Ecole Polytechnique Fédérale de Lausanne (EPFL), Switzerland, where
he is also the Director of the Transport and Mobility Laboratory. He has been active in demand modeling,
discrete choice, operations research, and dynamic traffic management systems. His research interests include
the design, development, and applications of models and algorithms for the design, analysis, and management
of transportation systems. He was the founding Editor-in-Chief of the FURO Journal on Transportation and
Logistics from 2011 to 2019. He has been an Associate Editor of Operations Research since 2012. He is the
founder of hEART, the European Association for Research in Transportation.

Keynote Lecture: Predicting Human Behavior with Optimization

Choice behavior lies at the core of numerous real-world applications, notably in transportation planning and
marketing. Operational choice models, grounded in random utility theory, postulate that individuals select
the alternative offering the highest utility. While effective in many contexts, these models rely on the explicit
enumeration of all available alternatives—a requirement that becomes impractical or infeasible when the choice
set is large or complex.

In this talk, we present an approach that leverages combinatorial optimization techniques to address this
limitation. We illustrate the methodology with a case study in travel demand modeling, where the integration of
optimization enables the analysis of rich and realistic choice sets without exhaustive enumeration.

10
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Abstracts — regular papers

Non-redundant Systems of Independence Atoms in Relational Databases
Lucas Alland, Attila Sali and Nicole Wu

Keywords: relational databases; independence atoms; non-redundant system

Let R={Ay, As,..., A, } be a relational database schema and r be a relation over R. For X,Y C R with
X NY =0, r is said to satisfy independence atom X | Y, if the projection r(XY) of R to X UY is the
Cartesian product of the projections r(X) and 7(Y), i.e 7(XY) = r(X) x 7(Y). Implication of independence
atoms is defined naturally and a collection of independence atoms is non-redundant, if none of its members
is implied by the remaining ones. In the present paper the maximum possible size of non-redundant system
of independence atoms is investigated.

Implementation of a Vehicle and Driver Scheduling Model: a Case Study
Viktor Argildn, Jézsef Békési, Gabor Galambos and Imre Papp

Keywords: Optimization; Vehicle and driver scheduling problem; Public transport

During combined vehicle and driver scheduling, we have to plan the daily work of vehicles and their drivers
so that they perform a set of tasks at the lowest possible cost. The tasks are defined by time intervals,
and the vehicles are located in different depots. In recent decades, several mathematical models have been
defined, with which we can create regular schedules and search for optimal solutions based on different
objective functions. However, in practical problems, there are many requirements that cannot be handled
easily and usually have a significant computational demand. The results of our research and development
project are presented through a case study based on real experiments carried out at the Budapest Transport
Corporation.

Merging Operations in the Open-Shop Scheduling Problem
Daniil Baldouski, Baldzs Ddvid and Miklés Krész

Keywords: job scheduling; batch scheduling; open-shop scheduling; mixed-integer linear programming

In this work we consider the open-shop scheduling problem with operation batching (OSSP-OB), which
extends classical open-shop scheduling by allowing operations of the same category to be processed simulta-
neously on a machine. To address this problem, we develop an exact procedure for constructing optimal
batches with the corresponding machine scheduling by developing a mixed-integer linear programming
(MILP) model. The effectiveness of the method is evaluated on a dedicated benchmark instance set.

Hybrid Reinforcement Learning Enhanced Genetic Algorithm for the Capacitated Vehicle
Routing Problem with Split Deliveries and Heterogeneous Fleet

Ahmed Dabbous and Andrds Béta
Keywords: CVRP; split deliveries; heterogeneous fleet; reinforcement learning; genetic algorithm

Vehicle routing is a classical field of combinatorial optimization with a multitude of real-life applications.
Recent advances in machine learning, specifically reinforcement learning, promise improved performance
compared to traditional heuristic approaches. Here, we propose a hybrid reinforcement learning enhanced
genetic algorithm to solve a less common VRP variant: the Capacitated Vehicle Routing Problem with
Split Deliveries and Heterogeneous Fleet. We test the performance of the approach on a custom dataset
consisting of the road network and agricultural buildings on the island of Gotland. Our results show, that
the reinforcement learning algorithm is able to improve the performance of the genetic algorithm by guiding
operator selection.

11
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Scrambler Automaton Block Cipher for IoT Devices

Pdl Démési and Géza Horvdth
Keywords: finite automata; Internet of Things; lightweight cryptography; block cypher

In this article, we introduce a new block cipher based on finite automata. Its structure is simple, using few
and inexpensive operations, making it particularly suitable for lightweight cryptographic applications.

Empiric results on the achievable performance gains by the inclusion of instance-specific
information in a scheduling optimizer

Mdté Hegyhdti
Keywords: optimization; scheduling; instance-specific implementation

It is common in computational combinatorics, graph theory, and combinatorial optimization to develop
custom algorithms. These algorithms usually address a whole problem class, i.e., an infinitely large set
of instances. As a result, their implementation is also generic, and instance-specific information is only
available in the execution phase of the solver, not at its compilation. There are reasonable arguments,
why earlier inclusion of instance-specific information may result in better performance, i.e., compiling an
instance-specific solver rather than relying on a generic binary. The goal of this work is to investigate the
achievable performance gains on the C++ implementation of an S-graph based makespan-minimization
algorithm that targets job-shop problems. Results show that instance-specific binaries can significantly
outperform the generic solver, reducing the computational needs by 70-80%.

Harvest plan generation in precision agriculture

Stefan Horvat, Damjan Strnad, Domen Mongus and Matej Brumen
Keywords: precision agriculture; harvest maps; linear regression; polynomial regression

One of many practical applications of precision agriculture is planning and optimization of harvest times,
which requires the knowledge of crop maturity from which harvest time can be predicted. We present a
simple procedure where we first obtain the Green Normalized Difference Vegetation Index (GNDVI) index
values from Sentinel-2 imagery for a certain time period before the crop enters the last growth cycle. The
timeseries is analysed, and a simple linear and polynomial regression model are fitted. Extrapolation is
used to calculate the intersection with the time axis, which acts as the harvest date prediction. In the next
step we rearrange the fields based on crop maturity and create a harvesting plan that utilizes the combine
harvester that maximizes the harvest area. We validated the results using actual harvest dates, and found
that the polynomial regression results matched closer to the actual harvest dates than those of the linear
regression. This approach offers a scalable solution to harvest date prediction and plan generation, but
further adjustments and a larger dataset are needed to improve the performance for practical application.

ALGatorGraph: A Java Library for Graph Generation and Manipulation within the ALGator
System

Bostjan Hren and Tomaz Dobravec
Keywords: experimentation; algorithm evaluation; graph problems

In this paper, we present the ALGatorGraph Java library, an extension of the ALGator framework for
graph-related problems. It provides a unified interface for graph data structures and supports generation of
diverse graphs. A Maximum Flow problem case study shows how easily algorithms can be implemented and
experimentally evaluated within ALGator using the ALGatorGraph library.

12
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Flexibility vs. efficiency: a study in sawmill scheduling
Csaba Kebelei and Maté Hegyhdti

Keywords: sawmill; scheduling; MILP

Sawmills are an important stage in the primary wood industry, producing timber and other side products
from harvested logs. Increasing efficiency in a sawmill is not only an economic desire, but it also propagates
to the competitiveness of using more renewable resources in dependent industries such as construction,
packaging, furniture. Although the road from a tree log to a shipped product involves many stages, the key
processing step is the sawing performed by high-value sawing machines. As the operation of these machines
plays a key role in overall efficiency, several research papers have addressed their scheduling. Naturally,
allowing more freedom in the production plan may result in better financial results in exchange for increased
computational needs of the optimizer. However, more complex schedules may also pose an additional burden
in their real-life execution. This paper presents several variants of a model formerly proposed by the authors
and investigates this trade-off relationship empirically.

Cost-Sensitive Overview of Model Ensembling for Machine-Generated Text Detection
Mihaly Kiss and Gdbor Berend

Keywords: ensemble methods; Al text detection; encoder models

In this paper, we compare different ways of combining encoder-based neural language models for machine-
generated text detection from a cost-centric perspective. We tested five ensembling approaches: soft voting
with separately fine-tuned models, training ensembles on disjoint training data subsets (for reducing training
costs), snapshot ensembles, models with multiple classification heads, and merging models by averaging
their weights. We evaluated each method based on how accurate they are (using macro F1 scores) and how
much computing costs they require during training and prediction. Our findings show that while typical
ensemble methods can boost accuracy, they come with high resource usage. In comparison, model merging
achieves the highest accuracy (macro F1 of 0.832) without increasing the inference time. Although model
merging requires higher training costs, this is often less of a concern where inference time costs outweigh the
costs of model construction.

A discrete event simulation model for analyzing the wood waste reverse supply chain

Nikola Kovacevié, Crtomir Tavzes and Baldzs Ddavid
Keywords: reverse supply chain; discrete event simulation; inventory management; wood waste

This paper presents a discrete event simulation model for analyzing reverse supply chain operations of wood
waste materials. The model enables comprehensive evaluation of storage management, processing capabilities
and resource allocation in reverse logistics networks, tracking the flow and transformation of resources from
generation to its final destination either as recovered and reused products or landfilled waste. The proposed
model is capable of managing different inventory policies and stock strategies. The efficiency of the proposed
model is shown on a network generated based on statistical data of waste wood in Slovenia.

13
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Engineering CSFLOC: A Subsumption-Driven Clause-Counting SAT Solver
Gabor Kusper

Keywords: CSFLOC; SAT solving; clause counting

Clause counting, a technique from the #SAT domain, offers a complementary angle to conflict-driven clause
learning (CDCL). We revisit CSFLOC (Counting Subsumed Full-Length Ordered Clauses) and present an
engineered implementation that turns its theoretical "last-1-bit" observation into practical speedups. The
solver represents full-length clauses with a binary counter and performs sign-aware bucket scans keyed by the
last-literal index, allowing safe jumps that skip a block of consecutive full-length clauses subsumed by input
clauses. We map the known pseudocode of CSFLOC line-by-line to Java, detailing the data structures that
make the inner loop fast: POS/NEG buckets per index, small effected/learned caches, and carry-like counter
updates that implement jumps of size 2"~7 without big integers. Preordering strategies—composable flags
B,C,H,I,R,S,W—shape the distribution of last-literal indices and, via an island/strait view of the counter,
bias the solver toward longer trailing 1-blocks and shorter 0-gaps. A concise empirical snapshot shows where
CSFLOC is competitive (over-constrained, dense-structure instances) and where CDCL remains preferable.
Source code is available at http://fmv.ektf.hu/tools.html.

A Synthetic Multi-View Tracking and 3D Pose Dataset for Automated Airport Visual Surveil-
lance

Ahmed Mansour, Csaba Beleznai, Fabio F. Oberweger, Verena Widhalm, Nadezda Kirillova and Horst
Possegger

Keywords: synthetic data generation; visual surveillance; multi-target tracking

Multiple object tracking (MOT) is a core task of automated visual surveillance systems. Driven by Deep
Learning, recent advances have significantly improved tracking accuracy and robustness across varied
scenarios. However, wide-area visual surveillance, such as observing airport ground and airborne objects,
still remains challenging. In such scenarios the presence of small objects, numerous visually similar targets,
frequent occlusions, atmospheric effects, scale diversity, and substantial scene clutter continue to degrade
detection and tracking performance. To address these limitations, we present the AirTrackSim25 synthetic
airport surveillance dataset, designed to support and advance research in object detection, tracking, and data
association. The dataset includes multiple wide-area perspectives of an airport environment, featuring rich
structural details and realistic simulations of ground and air-based object motion. Each aircraft is annotated
with comprehensive 2D and 3D bounding box and key-point information, as well as motion trajectories. We
demonstrate the applicability of the dataset for MOT tasks by benchmarking a baseline neural learning
method. The dataset is publicly available at https://github.com/cbelez/AirTrackSim25.

Automata for context-free trace languages and permutation languages
Benedek Nagy

Keywords: Permutation grammars; formal languages; traces and trace languages; modeling parallel processes;
pushdown automata

Traces are sets of equivalent words (sequences of actions); they are efficient tools to describe parallel processes.
A trace language is a language of traces usually used in linearized form, i.e., it is a standard formal language
that contains all words representing the traces of the language. Trace languages can be described by a base
language and with a(n in)dependency relation on the alphabet. Context-free trace languages are based on
context-free languages. Permutation grammars are context-free grammars extended by permutation rules
(type AB -> BA productions). They generate permutation languages. In this paper an extended variant
of the pushdown automata is shown that is able to characterize the permutation languages. We also show
that every context-free trace language is a permutation language, and thus, all of these languages are also
accepted by such automata.

14
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Sphere Target-Based Point Cloud Registration in a Railway Safety Application
David Podgorelec, Luka Lukac, Saso Pecnik, BlaZ Repnik and Borut Zalik

Keywords: point cloud registration; sphere target; LIDAR; sphere centre determination; radius determination;
level crossing

The paper introduces a variation of registration of two LiDAR point clouds based on sphere targets, which
uses our own geometric construction method to determine the centres and radii of the spheres. Tests gave
encouraging results for use in a railway safety application, as the registration error is below 30% of the voxel
size used there. Unlike the traditional landmark identification approach based on solving the system of
linear equations, the proposed approach offers good geometric interpretability and error explainability, which
has potential for the development of heuristics that would prune the solution space and, eventually, enable
us to use the time saved to conduct a more detailed investigation in the vicinity of the current optima.

Towards a Category-Theoretic Informatics Model of PSPP Linkages in Biomaterials
Sylvert Prian Tahalea and Miklos Krész

Keywords: category theory; pspp; biomaterials; natural transformations; functor

This paper introduces a category-theoretic framework for modelling the causal and structural relationships
in the Processing-Structure-Property-Performance (PSPP) paradigm, with a case study of bioluminescent
bacterial interactions on engineered surfaces. The composition and interdependence of material behaviour in
mathematical form are captured by defining the stages of PSPP linkages into objects and their transformations
as morphisms. This model is applied to a case study involving bacterial cultivation on three different
engineered surfaces. The universal input configurations and multi-objective performance targets are identified
using limit and colimit, respectively. Additionally, the functors and natural transformations applied compare
the bacterial behaviours across material categories, illustrating the structural relationship between bacteria.
While the current model assumes deterministic and discrete transitions, it opens pathways for future
development using enriched, fibred, and computational categorical tools. This work demonstrates the
potential of category theory as a unifying language for scientific modeling in biomaterials research.

Modularity aware graph clustering for exploratory tasks with a case study of the biomass
supply chain
Sylvert Prian Tahalea, Arkadiusz Kawa and Baldzs Ddvid

Keywords: graph clustering; modularity; exploratory data analysis

This paper proposes a novel modularity-aware graph clustering algorithm that combines label propagation
principle and global modularity. The algorithm consists of two phases: (1) the first phase is to quickly form
clusters using LPA and approximate modularity to evaluate their quality, and (2) the second phase focuses
on refining the cluster structures using global modulation. The proposed algorithm is later evaluated using
several metrics with several datasets and applied to a real-world use case. The results reveal a clear trade-off
between internal and external cluster quality, which is useful for exploratory tasks. The modularity-aware
graph clustering algorithm performed well in the experimental and the real-world cases, producing reliable
clusters for each case.

Bi-Level Routing and Scheduling
Alain Quilliot
Keywords: Routing; Scheduling; Mixed Integer Linear Programming; Branch and Cut

Decentralized renewable energy platforms promote self-consumption, a single agent becoming able to
simultaneously act as a producer and a consumer of power. We deal here with the design of routing strategies
for electric vehicles relying on a local photovoltaic (PV) platform. We propose an exact Mixed-Integer Linear
Programming (MILP) setting solved through Branch and Cut, along with a heuristic approach involving an
approximation of the behavior of the PV platform.
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Reducing #SAT to k-clique enumeration
Sandor Szabo and Bogdan Zavalnij

Keywords: model counting; combinatorial optimization; k-clique; SAT; reformulation

Complexity theory states that some complex problem can be reduced to another problem. The reduction from
SAT to k-CLIQUE was already introduced by Karp. Here we propose an alternative graph reformulation,
that can be efficiently used for solving the #SAT problem.

Robust (re)Design of Material Flow in Circular Networks — a Scientific Approach
Addm Szaller, Baldzs Ddvid, Peter Egri, Miklés Krész and Jozsef Vincza

Keywords: robust material flow planning; circular networks; simulation

As sustainability concerns grow, the conventional linear supply chain model — where products move in a
single direction toward consumers — is proving insufficient. In Circular Networks (CNs), forward and reverse
flows of resources coexist and should be jointly optimized. Yet, CNs face significant challenges, including
uncertainty in the availability, quality, and usability of end-of-life products, as well as unpredictable demand
for recovered materials. These factors increase risks in processing and limit adaptability, since traditional
supply chains are rigid and rely on stable partnerships. While resilience strategies and optimization methods
such as stochastic or robust models have been explored, they often oversimplify real-world dynamics and
neglect circular flows. To address these gaps, this paper introduces a block-based value chain model and a
5-step scientific approach.
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Abstracts — short papers

Digital Forensics: Development of Advanced Process Framework for Mobile Forensics (APFMF)
Prince Appiah and Angeli Awasthi

Keywords: Processed Base Framework; Mobile Forensics Tools; Digital Forensics; Operating Systems;
Smartphones

Over the last two decades, the world has witnessed a significant increase in smartphone device usage, where
mobile phones have become an integral part of our daily lives. As a result, this has created security issues and
led to an increased dependency on smartphone usage, criminal activities and illegal practices. This increase
in crimes committed using smartphones has made it a necessity for digital forensics experts to develop reliable
tools that can aid investigations on smartphones. Currently, mobile forensics work is fragmented. Although
attempts have been made to develop conceptual frameworks for mobile devices in the past few years, there
is no common framework adopted to date that meets the needs of the ever-changing and expanding world
of mobile devices. A comprehensive survey of mobile forensics frameworks in this research revealed that
current frameworks tend to focus on targeting specific operating systems, responding to issues and using
complicated steps that make it difficult for practitioners to follow. Some are also based on desktop and
non-mobile device models. Also, tools analysis was carried out, benefiting from NIST guidelines, where areas
in which each tool should be tested and how the test should be conducted are specified. The results of the
Tools Analysis were not encouraging, and it was surprising that many challenges that existed, despite the
advent of mobile devices, have not been solved. This research proposed an Advanced Framework for Mobile
Forensics (APFMF) to provide the appropriate guidelines, steps, and procedures to be followed during the
digital forensic phases. APFMF was not simple but appeared to increase effective investigation appropriately
from the scene and effectively guided the use of popular mobile forensics tools. The new APFMF can be used
to develop a platform-independent, open architecture, extensible and capable of integrating newer mobile
device technologies, as represented in this paper. It formulates a better understanding of the barriers to
using forensics tools effectively and appropriately compared with other existing mobile forensic frameworks.

A catalogue of small patterns of uniquely satisfiable formulas
Uros Ciibej
Keywords: satisfiability; solvers; preprocessing; SMT

This paper delves into the structural properties of uniquely satisfiable formulas by introducing and investi-
gating the concept of minimal uniquely satisfiable patterns (minimal USAT patterns). These are specific
graph structures that represent USAT expressions, which lose their unique satisfiability property if any single
clause is removed. By focusing on these minimal patterns, we aim to identify the most fundamental building
blocks of unique satisfiability. We present a novel methodology for the systematic discovery and cataloging of
these patterns, moving beyond computationally expensive brute-force approaches. Our method leverages a
SAT Modulo Theories (SMT) formulation, which allows us to encode the USAT and minimality constraints
directly into a logical model. This approach, combined with lexicographic ordering for clause symmetry
breaking, enables an efficient and exhaustive search for these patterns up to a certain size. Our work yields
two significant contributions. First, we have compiled a foundational database of minimal USAT patterns.
We provide an initial analysis of these patterns, detailing their sizes and characteristics. Second, we explore
the potential practical utility of these findings by searching for the discovered patterns within a diverse
set of real-world SAT instances from the SAT 2002 competition. This empirical analysis serves as a first
glimpse into how SAT solvers could benefit from a new type of preprocessing. The results reveal interesting
phenomena: some instances, like those from random CNF generators, are dense with these patterns, while
others are entirely devoid of them. Ultimately, our research bridges the gap between theoretical insights into
unique satisfiability and a practical application for modern SAT solvers. By leveraging these discovered
patterns, we propose a new preprocessing technique where the detection of these substructures could lead to
powerful logical deductions, analogous to but more complex than unit propagation. This could significantly
reduce the search space and improve the performance of SAT solvers on specific classes of problems. The
database and the methodology described here serve as a robust starting point for future research into the
structure of USAT problems and the development of more advanced SAT solving techniques.
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Investigating the Capacitated Facility Location Problem with Customer Incompatibilities
Using Instance Space Analysis

Ida Gjergji, Lucas Kletzander, Nysret Musliu, Andrea Schaerf and Kate Smith-Miles
Keywords: meta-heuristics; instance space analysis; facility location problem; customer incompatibilities

The facility location problem (FLP) is implemented for scenarios where the optimal location of facilities
that offer service or goods to customers is targeted. Several domains employ FLP like logistics, supply
chain, telecommunication networks, and public services planning. The basic version of the FLP is NP-hard
and many variations of the FLP have been presented in the literature. A recent version of the FLP was
proposed by Maia et al: the multi-source capacitated facility location problem with customer incompatibilities
(MS-CFLP-CI). Within this setting, the demand of customers can be satisfied by multiple facilities, each
with a respective capacity limit. Additionally, there are pairs of incompatible customers that cannot be
supplied by the same facility. In addition to a dataset with 30 instances denoted as wlp, Maia et al. present
several techniques to tackle the MS-CFLP-CI such as MineReduce-based Multi-Start Iterated Local Search
(MR-MS-ILS), Greedy Randomized Adaptive Search Procedure (GRASP), Permutation-coded Evolutionary
Algorithm (PcEA), and Multi-start Greedy Algorithm (MG). Another dataset with 50 instances named
cflp-ci was proposed by Ceschia and Schaerf along with a Simulated Annealing approach (SA). The SA
presented by Ceschia and Schaerf outperformed the results from Maia et al. in almost all instances. Later,
we proposed a Large Neighborhood Search (LNS) which improved the upper bounds of all instances in
both datasets. While there is a diverse range of algorithms provided in the literature for the MS-CFLP-CI,
insights about possible impacts of the instances’ structure to the performance of these algorithms are
missing. Another relevant aspect is the provision of a more diverse instance set that can be used to further
assess the strengths and weaknesses of existing algorithms. In order to provide answers to these concerns,
we perform an Instance Space Analysis (ISA) for the MS-CFLP-CI. First proposed by Smith-Miles et al,
with the final methodology presented by Smith-Miles and Mufo, ISA is a framework that scrutinizes the
diversity of instances and explores the influence of instances’ structure on the performance of the algorithms.
Furthermore, by means of ISA, instances are represented in a 2D space that can be used to illustrate
the regions of strengths and weaknesses for the tested algorithms. ISA has been applied to a variety of
scenarios like the knapsack problem, the rotating workforce scheduling problem, the curriculum-based course
timetabling, the maximum flow problem, and the 2D bin packing problem. Within the framework of ISA,
we provide a set of novel features motivated by insights into the problem’s structure in order to describe the
hardness of instances for the MS-CFLP-CI. First, using the defined features and the two most successful
methods for this problem, SA and LNS, we perform ISA only for the two available datasets wlp and cflp-ci.
Results show that the use of these two datasets solely is not sufficient to derive meaningful insights for
the performance of these two algorithms. Therefore, we extend the available datasets of instances for the
MS-CFLP-CI with 1839 additional instances, controlling their diversity and difficulty. Then, we conduct
ISA using all features and all instances (existing & generated) for the MS-CFLP-CI. The most influential
features are used to position instances in the 2D instance space as well as to provide important conclusions
on the impact that the structure of instances has on the performance of the available algorithms.

Turan numbers of planar graphs

Ervin Gyori
Keywords: planar graph; Turan number; extremal graphs

In this talk we determine the classical and the generalized Turan number of several graphs, first of all cycles
and related graphs.
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A Stochastic Forecasting Engine for Sports Analytics Using Monte Carlo Simulation
Lérdnd Heidrich, Addm Kovdcs and Gdbor Kusper

Keywords: web scraping; Monte Carlo simulation; stochastic forecasting; data-driven prediction; sports
analytics

We present a stochastic forecasting engine that integrates web scraping and Monte Carlo simulation for
sports analytics. Using historical NBA data, the system can acquire and process game statistics and then
simulate thousands of iterations to produce probabilistic forecasts. Its multi-tier architecture (client, server,
database) ensures scalability and modularity. Results show strong alignment with actual game outcomes,
with density and violin plots revealing convergence as the number of epochs increases. This deterministic
framework, enhanced by stochastic sampling, provides a robust method that can be applied to finance and
other domains. Future work includes multi-source validation and the integration of machine learning for
improved accuracy.

Identification of a monotone Boolean function with k& “reasons” as a combinatorial search
problem

Gyula O.H. Katona
Keywords: monotone Boolean functions; queries for Boolean functions; combinatorial search problems

We study the number of queries needed to identify a monotone Boolean function f. A query consists of
a 0-1-sequence, and the answer is the value of f on that sequence. Here we study a variant where f has
k “reasons” to be 1, i.e., its disjunctive normal form has k conjunctions if the redundant conjunctions
are deleted. We find the asymptotics on the number of queries needed for fixed k. We also study the
non-adaptive version of the problem, where the queries are asked at the same time, and determine the exact
number of queries for most values of k and n. Joint work with Daniel Gerbner, Andras Imolay, Daniel T.
Nagy, Kartal Nagy, Balazs Patkos, Domonkos Stadler and Kristof Zolomy.

Efficient Algorithms for the MaximumWeight Clique Problem with Applications to Protein
Binding Site Analysis
Janez Konc and Dusanka JaneZic

Keywords: maximum clique; ProBiS algorithm; binding sites; conserved water molecules; human disease

We present new exact algorithms for solving the maximum weight clique problem in weighted undirected
graphs, a classical NP-hard optimization problem with broad applications in applied theoretical computer
science. Our algorithm, MaxCliqueWeight, and its dynamic variant, MaxCliqueDynWeight, employ a novel
branch-and-bound strategy combined with a new weighted graph coloring method that provides tight
upper bounds on clique weights. This leads to substantial speedups, outperforming existing state-of-the-art
approaches by several orders of magnitude on both random weighted graphs with up to 10,000 nodes and on
standard DIMACS benchmarks.

Beyond the theoretical contribution, we demonstrate the application of maximum weight clique algorithms
in bioinformatics, where they form the computational foundation of the ProBiS platform for protein binding
site analysis. In particular, the clique-based methodology enables the identification of conserved binding
sites, including conserved water molecules, which are critical for understanding SNP pathogenicity and drug
discovery. Our results uncover a previously unexplored link between water binding sites and the pathogenic
effects of SNPs, providing insights into the molecular basis of human diseases.
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Modeling Diffusion on Networks Reshaped by Global Interventions

Jovan Pavlovié, Ldszlo Hajdu and Miklés Krész

Keywords: complex network; social contact networks; mobility networks; diffusion processes; epidemiology;
interventions; policy changes

Complex systems are shaped by their underlying network structures, which determine how information,
ideas, or diseases spread. Interventions such as policy changes, environmental shocks, or technological
shifts can reconfigure these networks, producing measurable structural changes. The COVID-19 pandemic
demonstrated how restrictions and behavioral adaptations reshaped mobility, social, and communication
networks, reducing connectivity, fragmenting components, and increasing local clustering. Building on these
insights, we propose a framework to model disease spread in networks altered by global interventions. Using
synthetic community-based networks, intervention effects are represented through edge removals, rewiring,
and weight adjustments that emphasize modularity and local clustering while weakening long-range ties.
Epidemics are then simulated with a discrete-time SIR model under varying transmission rates, intervention
intensities, and network configurations. Sensitivity analyses highlight how structural shifts influence outbreak
dynamics and provide a systematic way to evaluate intervention scenarios.

Towards Network-Aware Uplift Modeling via Influence Maximization
Matic PozZar and Miklos Krész

Keywords: influence maximization; independent cascade; uplift modeling

Uplift modeling (UM) is an application of machine learning that directly models the incremental impact of
an intervention (such as a direct marketing action) on an individual’s behavior. Traditionally, the subjects of
UM are considered independent from the influence of pairwise interactions. This assumption of independence
is directly violated in network settings, such as public health, epidemiology, marketing, information spread,
political campaigns, opinion dynamics, and many more. A problem where the primary objective is efficient
treatment allocation in the presence of network effects is influence maximization (IM). The goal of IM
is to identify a set of initial spreaders in a network that maximizes influence spread. The independent
cascade (IC) model is one of the most common diffusion models used in IM, but its evaluation is P-hard
and commonly approximated by costly, non-differentiable Monte Carlo (MC) simulations. We propose an
efficient and differentiable approximation for the IC model. A related challenge is the Inverse Infection
Problem (IIP), which seeks to infer edge probabilities from observed diffusion; we address this with a novel
graph neural network—based approach. Finally, we extend UM to account for network effects using IM
methodology, enabling network-aware UM where individual outcomes depend both on personal attributes
and larger network characteristics.

Stability phenomena in Discrete Mathematics
Miklés Stmonovits
Keywords: extremal graph theory; stability methods; Erd6s-Simonovits stability theorem

Extremal Graph Theory is one of the most important theories of Graph Theory. The Stability Methods
are important and useful methods in proving sharp results in Discrete Mathematics, among others, in
Extremal Graph Theory. This lecture discusses cases where we can use the stability method and other
cases where using the stability method is problematic. The starting point is the Stability theorem of Erdés
and Simonovits, asserting that in Turan-type extremal problems, the almost extremal structures are very
similar to the extremal structures. The situation is more complicated for hypergraphs and informative for
multigraphs. We consider the Lovasz-Simonovits stability theorem and the Fiiredi stability theorem, and
their use in proving the Erdés-Simonovits Theorem. Applications of stability methods in other parts of
Discrete Mathematics are also discussed.
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The Impact of Alphabet Size on Text Indexing

Jani Suban
Keywords: Text indexing; Alphabet size; Empirical evaluation

This paper investigates the influence of alphabets ¥, of different sizes k on the construction time, search time,
and memory space required by various text indexes: the Suffix Tree, the Suffix Array (with and without an
LCP array), and the Compressed Suffix Tree. The initial alphabet ¥ comprised all uppercase and lowercase
English letters, with letter frequencies derived from a corpus of 100 picture books. Each reduced alphabet
3 C X contained the k most frequent letters of 3, with frequencies subsequently normalized. Empirical
results indicate that alphabet size does not impact the time needed to find a pattern in any tested index.
The only affected area is the number of nodes in the Suffix Trees, which is inversely correlated with the
alphabet size. Consequently, a larger alphabet reduces the number of nodes, decreasing both construction
time and memory required for storage.

Advantages of solving the tram driver assignment problem using process networks

Méoric Varadi, Zsolt Ercsey, Tamds Storcz and Zoltin Kovdcs
Keywords: Public transport optimization; Process networks; Driver assignment problem

Tram networks are fundamental parts of public transport, with characteristics due to the use of rails and
electricity. These differences appear in the tram driver assignment problem, which requires a specific
approach. This paper focuses on tram routes within the Budapest tram network. The task is to determine
proper tram driver assignments for a given timetable while considering labor regulations and company-specific
constraints, such as working hours and rest periods. The tram driver assignment problem is modeled as
a bipartite, directed process network (p-graph) from chemical engineering. The proposed solution offers
flexibility, robustness, and compactness in the mathematical programming model. Inputs include tram
timetables and service files containing driver data. Real-world examples from the Budapest Transport
Company illustrate the advantages.

DogMa: A Dogtag-Based Knowledge Graph Entity Matching Framework
Maté Vass, Péter Kardos, Richdard Farkas and Miklés Krész

Keywords: knowledge graphs; entity matching; multimodal representations; structural features; machine
learning

Knowledge graphs are powerful tools for integrating data across fields. When multiple datasets exist in the
same domain, entity matching identifies corresponding nodes and edges across graphs. Our framework uses
both textual information (labels, descriptions, categories, attributes) and structural properties (neighbors
and communities) of entities. We introduce "dogtags", compact representations that combine textual and
structural features. Embeddings at the node, neighborhood, and community levels allow efficient cosine
similarity computation for entity matching. Higher-accuracy methods, including LLM-based rerankers, can
refine matches. Early experiments show that multimodal representations converted into plain text provide
effective descriptions for entity matching across disjoint knowledge graphs.

On 4-domination and 4-rainbow domination of cylindrical graphs
Janez Zerovnik
Keywords: 4-domination; weak 4-domination; singleton 4-rainbow domination; cylindrical graphs

Cylindrical graphs and torus grid graphs are constructed from subgraphs of the infinite grid by specific
boundary vertex identifications. For various domination-type problems, optimal solutions on the infinite
grid can often be found. However, exact values for cylindrical and torus grid graphs are typically known
only for special subfamilies and are generally difficult to compute.
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