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PLENARY AND KEYNOTE SPEAKERS 

 Epidemic spread on multilayer random graphs 

Ágnes Backhausz (Eötvös Loránd University)  

Among the possible tools for modelling epidemic spread, we are interested 

in random structures capturing the clusters of social networks: we use 

multilayer graphs, consisting of smaller or larger cliques of complete graphs with different 

weights. To start with, every household can be considered as such a clique, but classes at school, 

workplaces can also be represented by such cliques, with their members chosen randomly from 

different households. We present computer simulations providing information about the role of 

different weights, comparison with differential equation methods, and related questions about 

parameter estimation in such a model. 

Information representation by TP model 

transformation 

Péter Baranyi (Széchenyi István University) 

The concept of the Higher Order Singular Value Decomposition (HOSVD) of continuous 

functions, and the Tensor Product (TP) model transformation as its numerical reconstruction 

were developed in 2000. HOSVD has been one of the biggest breakthroughs in linear algebra. 

HOSVD of functions plays a similarly important role in modelling functions, and the TP model 

transformation has been shown to be useful in bridging between representations used in the 

various branches of AI, including neural networks, fuzzy logic models, genetic algorithms, big 

data formalisms, modern analytic methods as well as numerical methods like Linear Matrix 

Inequalities. Without this ability to bridge between representations, models expressed in these 

various forms would not be amenable to combination in the general case. However, using the 

TP model transformation, they can be transformed to TP formulae with unique and beneficial 

features that make them compatible with LMI based system design. 

Based on these results, the TP model transformation was introduced to the field of smart system 

control design, especially in non-linear state-space dynamic systems. It turned out that - in 

contrast to commonly held assumptions – execution of TP model transformation is unavoidable 
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on a given model if the goal is optimal stability. Further, it was proved that the use of different 

TP model alternatives in the design of different components of a system often leads to a better 

solution. Based on this, the concept of Dual Control Design was introduced recently. These 

results have contributed to the emergence of a new school in complex system design. 
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Collaborative nowcasting and short-term 

forecasting during the COVID-19 pandemic 

Johannes Bracher (Karlsruhe Institute of Technology) 

Forecasts of infectious disease spread and the resulting healthcare burden can enhance 

situational awareness and decision making during outbreaks, and have consequently received 

considerable attention during the ongoing COVID-19 pandemic. Due to the profound 

uncertainty involved, such forecasts should be probabilistic in nature, and are typically only 

feasible for rather short time horizons. In the light of reporting delays, predictions may even 

refer to current rather than future values of an indicator, a task which is referred to as 

nowcasting. 

The surge in research activity on disease nowcasting and short-term forecasting, with numerous 

models run in real time, raises the need for systematic comparison and evaluation of methods, 

and opens new avenues for combined ensemble forecasts. In this talk I will speak about 

challenges encountered and lessons learned during several collaborative disease forecasting 

projects I have been involved in, including the European COVID-19 Forecast Hub 

(https://covid19forecasthub.eu/) and the German COVID-19 Nowcast Hub 

(https://covid19nowcasthub.de/).  
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Automata - from Pattern Recognition to 

Molecular Computing 

Rudolf Freund (Technical University of Vienna - TU Wien) 

During the last decades, besides the classic automata models from finite 

automata to Turing machines, working on strings, other models of automata, not only working 

on strings, but on other objects as two-dimensional arrays, DNA strands, graphs, and multisets, 

have gained increased interest, both from a theoretical point of view as well as in various 

application fields. For example, array automata can be used for syntactic pattern recognition, 

see [2]. In the area of DNA computing, automata work on double-stranded molecules; based on 

the Watson-Crick complementarity between related molecules in the two strands, even 

interesting theoretical results for representing recursively enumerable languages can be 

obtained, see [5]. Inspired by the parallel processes in cell structures, P systems can be seen as 

models for parallel computations on multisets; special variants of P automata are based on 

antiport rules exchanging objects through membranes, e.g., see [4] and [3]. Considering infinite 

computations of P automata, even more than recursively enumerable languages of finite strings 

can be characterized, see [1]. 
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Life beyond the pixels: deep learning methods 

in cancer and virus research 

Péter Horváth (Biological Research Centre, Szeged) 

In this talk I will give an overview of the computational steps in the analysis of a single cell-

based large-scale microscopy experiments. First, I will present a novel microscopic image 

correction method designed to eliminate illumination and uneven background effects which, 

left uncorrected, corrupt intensity-based measurements [1]. New single-cell image 

segmentation methods will be presented using differential geometry, energy minimization and 

deep learning methods (www.nucleAIzer.org) [2, 3, 4]. I will discuss the Advanced Cell 

Classifier (ACC) (www.cellclassifier.org) [5], a machine learning software tool capable of 

identifying cellular phenotypes based on features extracted from the image. It provides an 

interface for a user to efficiently train machine learning methods to predict various phenotypes 

[6,7]. For cases where discrete cell-based decisions are not suitable, we propose a method to 

use multi-parametric regression to analyze continuous biological phenomena [8]. To improve 

the learning speed and accuracy, we propose an active learning scheme that selects the most 

informative cell samples. 

Our recently developed single-cell isolation methods, based on laser-microcapturing and patch 

clamping, utilize the selection and extraction of specific cell(s) using the above machine 

learning models [9]. I will show that we successfully performed DNA and RNA sequencing, 

proteomics, lipidomics and targeted electrophysiology measurements on the selected cells [10, 

11]. 
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Scheduling Time-Sensitive Applications in 

Cloud, Fog and Mist Environments: Challenges 

and Future Directions 

Helen D. Karatza (Aristotle University of Thessaloniki) 

In recent years, more and more aspects of our society are becoming dependent on time-

sensitive, deadline constrained applications running on cloud computing platforms, from 

healthcare and education, to finance and transportation.  Additionally, the rapid expansion of 

the Internet of Things (IoT), which encompasses a growing number of devices and sensors, has 

led to the emergence of new computing paradigms, such as mist and fog computing. Fog 

computing extends the cloud to the network edge, in order to tackle the problem of transferring 

large amounts of data to cloud platforms hosted at remote datacenters. Furthermore, mist 

computing is a lightweight form of fog computing that brings fog capabilities even closer to the 

IoT sensors and devices. As applications on such platforms become more complex and 

computationally intensive, meeting their execution deadlines has become a major challenge. 

Consequently, effective and efficient real-time resource allocation and scheduling techniques 

are required in these environments. In this keynote, we will present new trends and novel 

techniques of resource allocation and scheduling for deadline-constrained applications in cloud, 

fog and mist computing infrastructures. Furthermore, we will shed light on future research 

directions in this challenging area. 

Regenerative stability analysis of the retrial 

queueing systems 

Evsey Morozov (Russian Academy of Science) 

The problem of stability of queueing models describing modern computing and 

communications systems attracts an increasing attention and is often hardly solvable especially 

beyond the Markov models. We outline the main steps of the regenerative stability analysis, 

and then demonstrate its power and effectiveness proving stability conditions of a wide class of 

multiclass queueing systems with classical retrials, with constant retrial rate and with state-

dependent retrial rate. Our analysis is mainly based on the recent monography “Stability 
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analysis of regenerative queueing models” (E Morozov, B. Steyaert, Springer 2021; 

https://link.springer.com/book/10.1007/978-3-030-82438-9) 

Big social data in pandemic modelling 

Gergely Röst (University of Szeged) 

At the beginning of the pandemic, we have initiated a large scale citizens 

science project to estimate how the number and structure of contacts 

changed in Hungary due to various control measures and social distancing. This project was 

called MASZK – acronym for Hungarian Data Provider Questionnaire, and it was done in the 

framework of the Hungarian COVID-19 Modelling and Epidemiology Task Force. 

Respondents could submit their data in an online questionnaire or via a mobile app. The project 

received significant attention in the media as well, and overall we recorded the responses from 

300 000 individuals. 

However, due to voluntary participation, even this huge online sample has not provided a 

representative description of the Hungarian population, for example, middle-aged females with 

university degrees living in larger cities are highly over-represented To overcome these biases, 

starting in April 2020 the same questionnaire has been conducted on a nationally representative 

sample of 1,500 people every month via telephone survey (CATI) by a market research 

company.  Through a combined analysis of the representative and non-representative datasets, 

and also census data, we identified the most severe biases characterizing the online survey data 

and built a pipeline using iterative proportional fitting to weight the non-representative online 

matrices. 

As a result, we obtained close-to-representative contact matrices from the non-representative 

online data, while maintaining the advantages of the online data collection, such as scalability 

of size and observation time, cost efficiency, and real time sensitivity. 

Then we used this data and the generated contact matrices in age structured transmission models 

to evaluate the impact of interventions on the dynamics of the epidemic, and developed an 

alternative surveillance methodology that provided estimates for the effective reproduction 

number even in those time periods when the official case reports were known to be biased. 

The questionnaire was later extended to monitor various social behaviours and attitudes, such 

as vaccine acceptance and rejection, mask compliance, beliefs in misinformation, mobility, 

economic impacts and so on. 
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This research is still ongoing, and as far as we know, this is the largest dataset ever collected 

for such purposes. 
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Artificial Intelligence in Anomaly Detection  

Gheorghe Sebestyén (Technical University of Cluj-Napoca) 

Nowadays, more and more human activities are depending on computer-

based automated systems. Fully automated (robotized) production lines, 

energy distribution infrastructures and other urban services or environmental surveillance 

systems are just some examples of cyber-physical systems that depend entirely on automated 

control systems. In these cases a significant challenge is to identify abnormal behaviors of the 

supervised or controlled systems, in order to avoid malfunction or sometimes catastrophic 

events. 

Our main research goal was to evaluate the potential of adapting and using AI techniques in the 

field of anomaly detection. We also developed a platform, called AutomaticAI, which can help 

specialists in different domains to identify the best approaches to solve a given anomaly 
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detection problem. The platform can select the best AI algorithm and parameter configuration 

for a given set of data containing normal and abnormal data. The tool was used successfully in 

a variety of domains, from cyber-physical systems toward medical applications. 

FPGA acceleration for hypercomplex number 

systems   

Alin-Sasa Tisan (University of London) 

The fantastic development of the hardware platforms made them capable to 

sustain intensive computing algorithms and, more recently, increase the design flexibility, 

creating the opportunity to not only develop software that take advantage of the hardware 

architecture of the computational system but also design custom hardware architecture, domain 

specific architectures, to efficiently execute/process computational tasks, at high performance 

per watt ratio. Combining CPUs, GPUs and FPGAs in the same chip, obtaining heterogeneous 

computing platforms, it was one way of releasing the true computing potential, increasing even 

more the system performances when deploying complex/heavy computational tasks, brought 

the development of integrated solution such as System on Chip (SoC) or System-on-Module 

(SOM). The great flexibility given by being able to take advantage of each calculus platform 

paradigm strong points is very performance rewarding. However, each platform comes with 

drawbacks as well, and being able to “pick and mix” the right data size and algorithm to be run 

on the desired platform is still a work in progress. 

One of the algorithms that have taken the advantage of this development is the extended 

complex numbers system from two-dimensional complex number systems representation to a 

four-dimensional system defined by the quaternion system representation.  

The adoption of the quaternion based computing implementation in embedded systems 

represented by the programable systems on chip have, until recently, suffered due to the 

complex algebra algorithms and insufficient dedicated compute hardware available on 

relatively affordable SoCs and software frameworks to support high level design capabilities. 

The presentation will show case the design and implementation of a reconfigurable quaternion 

based least mean square algorithm filter applied to a set of synthetic data given by the 3-D 

Lorenz attractor signal. The design process will analyse the quaternion algorithm involved and 

its modelling using C++ and Xilinx HLS. Simulation results and their comparison to 

implementations done on CPUs based processing systems will be highlighted as well. 



 

 

19 

 

 

ABSTRACTS OF CONTRIBUTED TALKS 

Performance Analysis of Stacking Machine Learning 

Models for Detecting Fraudulent Transaction 

Nayeem Abdullah (BRAC University), Ahnaf Chowdhury (BRAC University) and 

Hasan Al Mamun (BRAC University)  

Transaction fraud has become a fast-growing issue in the world of modern technology which 

has become a serious threat to the financial sectors. Therefore, we have researched financial 

fraud records using machine learning models and proposed a procedure for precise 

misrepresentation recognition dependent on the points of interest and restrictions of each 

exploration. In our initial stage, we implemented machine learning classifiers such as Logistic 

Regression, K-Nearest Neighbor, Support Vector Classifier, Naive Bayes, Gaussian Naive 

Bayes Classifier, Random Forest Classifier, Extra Tree Classifier, Neural Network and 

Adaptive Boosting to see how all of them performs separately. We also balanced the dataset 

and tested the above-mentioned classifiers on the balanced dataset. After that implemented 

Stacking technique. The accuracy that the stacking method came up with was the best along 

with very less overfitting. To further boost the accuracy, we implemented Grid Search 

Hyperparameter tuning to get the best possible outcome at a much lower error rate. After the 

implementation of the Stacking technique and Hyperparameter tuning, the accuracy recorded 

is 98% which is the best result that our proposed model has shown. 

Smart watch activity recognition using plot image analysis 

Alexandru Alexan (University of Cluj-Napoca, North University Center Baia 

Mare), Alexan Anca (Technical University of Cluj-Napoca, North University 

Center of Baia Mare) and Stefan Oniga (Technical University of Cluj-Napoca, 

North University Center of Baia Mare / University of Debrecen)  

Nowadays, many of us wear multiple devices capable of acquiring and storing data related to 

our everyday activities. Since computing power of mobile battery-operated devices slowly 

increases and the power optimizations allow for more and more continuous use, these devices 

are capable of not only monitor our activity but analyze the activity as well. From these devices, 

the smartwatch is probably the most inconspicuous, and due to the wide spread use of it, we’ve 
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used accelerometer data gathered from a smart watch to identify common user activities by 

using image generated plots and image recognition machine learning. By leveraging the .Net 

ML.NET machine learning framework we’ve managed to obtain a decent recognition rate. 

Benchmarking Redis and HBase NoSQL Databases Using 

Yahoo Cloud Service Benchmarking Tool 

Mustafa Alzaidi (University of Debrecen) and Anikó Vágner (University of 

Debrecen)  

Not Structured Query Language (NoSQL) databases have become more relevant to applications 

developers as the need for scalable and flexible data storage for online applications has 

increased. Each NoSQL database system provides features that fit particular types of 

applications. Thus, the developer must carefully select according to the application's needs.  

Redis is a key-value NoSQL database that provides fast data access. On the other hand, the 

Apache Hbase database is a column-oriented database that offers scalability and fast data 

access, is a promising alternative to Redis in some types of applications. In this research paper, 

the goal is to use the Yahoo Cloud Serving Benchmark (YCSB) to compare the performance of 

two databases (Redis and HBase). The YCSB platform has been developed to determine the 

throughput of both databases against different workloads. This paper evaluates these NoSQL 

databases with six workloads and varying threads (0 - 10). 

Single user activity recognition using an Activity Density 

Abstraction Graphics Algorithm 16 

Alexan Anca (Technical University of Cluj-Napoca, North University Center of 

Baia Mare), Alexandru Alexan (University of Cluj-Napoca, North University 

Center Baia Mare) and Stefan Oniga (Technical University of Cluj-Napoca, 

North University Center of Baia Mare / University of Debrecen) 

Activity recognition, nowadays, is an essential part of the vast domain of artificial intelligence. 

The smart environment presence keeps growing in residential spaces, and the recognition 

algorithms get better and more adaptable. This paper aims to analyze and work on the problem 

of activity recognition with the event density. Each activity can be interpreted as a density 

graphic, and the recognition logic uses image processing algorithms to identify the activity. 
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Using this activity recognition method facilitates the identification of transition areas between 

activities. Each user executes an activity differently, thus making the activity recognition 

process even trickier. Using the activity abstraction method presented in this paper, the activity 

recognition rate significantly increases. 

Research of algorithm creating capabilities 

Anikó Apró (University of Debrecen) and Zoltán Attila Godó (University of 

Debrecen) 

The current technological momentum indicates that demand will soon rise for programming 

skills. For this reason, finding young individuals with these skills and orienting them towards 

programming related career paths will be highly important. In our research, we developed an 

age and programming knowledge independent system, which can help to identify talented 

youngsters. Before filling the test, we collected information through an anonymous survey 

about the test subjects’ IT knowledge, which can help identify further correlations at the time 

of result evaluation. 

Tracking the time evolution of Covid-19 related words via 

word2vec 

Bogdán Asztalos (Eötvös Loránd University), Gergely Palla (Eötvös Loránd 

University), Péter Pollner (Eötvös Loránd University) and Péter Bányász 

(University of Public Service)  

The Covid-19 pandemic had a great influence to the mindset of humanity since 2020. It has 

affected our thoughts about social interactions, healthcare system, political events and many 

more topics meanwhile has brought us some new questions to talk about, like processes of virus 

spreading, efficient distant working or usefulness of vaccines. Though these questions had 

existed earlier, they became mainstream topics of conversation during the pandemic and more 

importantly, the collective social opinion about them changed multiple times with the changes 

of the pandemic situation. 

Since a significant part of people use online social platforms to tell their points of view and to 

obtain information, these platforms can be considered as a repository of current opinions. 

Collecting a large amount of posts and articles from online social media and analyzing them 
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from a statistical aspect can show us the temporal trends of collective thinking and the evolution 

of judging social issues. 

We downloaded Covid-19 related posts from online platforms posted in the time period from 

July 2019 to June 2021, and we constructed the co-occurrence network of words. Based on this 

data we used the Word2vec word embedding method to get a mathematical representation of 

the meaning of words in each distinct month. Following the behavior of individual words, it is 

possible to find words with radical meaning changes and to observe the signs of these changes. 

Since the way how people use a word reveals how people think about the notion it represents, 

we can track the changes in the meaning of words. We studied what techniques and how they 

are applicable to identify and characterize pandemic impacts to society through tracking words. 

A Psychometric Approach to Email Authorship Assertion in 

An Organization 

Prathamesh Berde (Homi Bhabha National Institute Mumbai), Manoj Kumar 

(Bhabha Atomic Research Centre), C. S. R. C. Murthy (Bhabha Atomic 

Research Centre), Lalit Dagre (Bhabha Atomic Research Centre) and Seervi 

Tejaram (Bhabha Atomic Research Centre)  

Email services have become an integral aspect of modern communication. Emails can be 

transmitted digitally without the adequate authentication of the sender. As a result, there has 

been a considerable surge in security threats coming from email communication, such as 

phishing, spear phishing, whaling, and malware deposition through emails where recipients can 

be duped into acting. Authorship assertion of the sender can prevent several security issues, 

particularly in an organizational setting where an employee’s trust can be compromised by 

faking an email from a colleague or senior without exposing any specific system weakness. A 

psychometric approach to determining the authorship of an email in an organization is proposed 

in this research. Machine learning (ML) models have been developed using four classification 

algorithms. The performance of these ML models has been compared. 
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A multi-round bilinear-map-based secure password hashing 

scheme 

Csanád Bertók (University of Debrecen), Andrea Pintér-Huszti (University of 

Debrecen), Tamás Kádek (University of Debrecen) and Zsanett Jámbor 

(University of Debrecen) 

We introduce a secure password hashing scheme, which is designed to be multi-round, hence 

by increasing the number of rounds we can slow down the algorithm. We compare our scheme 

to the password hashing algorithms used in practice from the point of view of security and 

efficiency. We apply bilinear mapping over elliptic curve groups, which makes the hash 

function slow, hence the rainbow table attack becomes slower comparing it to other systems. 

Proximity-based anomaly detection in Securing Water 

Treatment 

Ermiyas Birihanu (Eötvös Loránd University), Áron Barcsa-Szabó (Eötvös 

Loránd University) and Imre Lendák (Eötvös Loránd University)  

Industrial Control Systems (ICSs) utilize different sensors and various embedded systems to 

operate. Devices often communicate using protocols like Siemens Step 7 and Modbus, which 

were designed for use in closed networks many years ago and are vulnerable to attacks. The 

goal of this study is to detect anomalies in industrial control systems using a proximity-based 

approach on the Securing Water Treatment (SWaT) dataset. We encoded categorical data using 

one hot encoding and normalized numerical data using min max scaling. The experiment shown 

that by adopting a proximity-based approach, we can obtain state-of-the-art 99% precision and 

98% recall and able to identify 35 out of 37 attack points, indicating that the suggested 

methodology is suitable for usage in industrial control system scenarios. 
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Enhancing Hungarian students’ English language skills on 

the basis of literary texts in the three-dimensional space 

István Károly Boda (Debrecen Reformed Theological University), Erzsébet Tóth 

(University of Debrecen) and László T. Nagy (Debrecen Reformed Theological 

University)  

In our paper we introduce a bilingual language learning material developed in the framework 

of the so-called three dimensional virtual library model (3DVLM). This model inspired by the 

history and organization of the famous ancient Library of Alexandria forms the basis of the 

virtual library project which started about eight years ago as part of the Cognitive 

Infocommunications (CogInfoCom) research. The current version of the 3DVLM uses the 

excellent 3D features of the MaxWhere Seminar System which makes it suitable for both 

individual learning and classroom use. In the following, we would like to introduce first the 

basic framework of our development, then describe in detail the data structure and organization 

of the developed bilingual language learning material. The basic idea of the material is to 

present selected phrases and contexts from classical literary works in English and from their 

parallel translations in Hungarian in order to improve both the language skills and background 

knowledge of Hungarian language learners at an advanced level. We found that using web 

technology was especially useful for developing the language learning material and the 

developed hypertext structure formed a scale-free network of interconnected nodes. 

Efficient tile-based lens flare rendering 

Andrea Bodonyi (University of Debrecen) and Roland Kunkli (University of 

Debrecen)  

The lens flare phenomenon is created by the interreflections suffered by the light rays while 

traveling through an optical system. Various methods are available for simulating lens flare 

ranging from simple and efficient algorithms with lower accuracy to complex and costly, but 

physically based and thus more accurate ones. This work demonstrates a method for improving 

the computation time of the physically-based lens flare rendering method using ray-tracing. 
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Comparative Analysis of Deep Learning Models for Network 

Intrusion Detection Systems 

Brenton Budler (The University of the Witwatersrand) and Ritesh Adjoodha 

(The University of the Witwatersrand)  

Detecting network intrusions is an imperative part of the modern cybersecurity landscape. Over 

the years, researchers have leveraged the ability of Machine Learning to identify and prevent 

network attacks. Recently there has been an increased interest in the applicability of Deep 

Learning in the network intrusion detection domain. However, Network Intrusion Detection 

Systems developed using Deep Learning approaches are being evaluated using the outdated 

KDD Cup ’99 and NSL- KDD datasets which are not representative of real-world network 

traffic. Recent comparisons of these approaches on the more modern CSE-CIC-IDS2018 

dataset, fail to address the severe class imbalance in the dataset which leads to significantly 

biased results. By addressing this class imbalance and performing an experimental evaluation 

of a Deep Neural Network, Convolutional Neural Network and Long Short-Term Memory 

Network on the balanced dataset, this research provides deeper insights into the performance 

of these models in classifying modern network traffic data. The Deep Neural Network 

demonstrated the best classification performance with the highest accuracy (84.312%) and F1-

Score (83.799%) as well as the lowest False Alarm Rate (2.615%) whilst the Convolutional 

Neural Network was the most efficient model boasting the lowest model training and inference 

times. Dimensionality reduction using a Sparse AutoEncoder was incorporated to explore the 

potential benefits of the Self-Taught learning approach but did not improve model performance. 

SIMBIoTA++: Improved Similarity-based IoT Malware 

Detection 

Levente Buttyán (Budapest University of Technology and Economics), Roland 

Nagy (Budapest University of Technology and Economics) and Dorottya Papp 

(Budapest University of Technology and Economics)  

The Internet of Things is quickly developing and it enables exciting new applications, but at 

the same time, it also brings new security risks. In particular, embedded IoT devices may be 

subject to malware infection, undermining the trustworthiness of IoT systems and representing 

a serious threat to the entire Internet infrastructure. Meanwhile, malware detection on IoT 
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devices is challenging due to their resource constraints. In an earlier paper, we proposed a 

lightweight antivirus solution for IoT devices, called SIMBIoTA. In this paper, we propose 

SIMBIoTA++, an improvement on SIMBIoTA in terms of resource requirements for IoT 

devices. We also present a graph theory and measurement based argument for selecting an 

appropriate similarity threshold, which is a key parameter in both SIMBIoTA and 

SIMBIoTA++. 

Modeling and Forecasting Time Series with Multiple 

Seasonal Periods 

Solomon Buke Chudo (University of Debrecen) 

Currently, many time series possess complex seasonality. Non-integer seasonality periods and 

multiple nested seasonality periods are some of the most common complex types of seasonality. 

In modeling such types of complex seasonality, the existing exponential smoothing models 

suffer from various weaknesses, such as overparameterization and the inability to accommodate 

both non-integer period and dual calendar effects. Using a forecasting system that can capture 

all types of complex seasonality has a lot of appeal. Thus, this study is aimed at modeling and 

forecasting time series that handles multiple seasonality. American Electric Power (AEP) 

hourly consumption data was used. From time series models: Box-Cox Transformation, ARMA 

residuals, Trend and Seasonality(BATS), Trigonometric seasonal, Box-Cox Transformation, 

ARMA residuals, Trend and Seasonality(TBATS), Seasonal and Trend decomposition utilizing 

the loess model (STL+ETS), and Double-Seasonal Holt-Winters (DSHW) models were 

applied. Forecasting and performance comparisons were made based on these four complex 

seasonality period models. R software version 4.1.2 was used to analyze the data and fit the 

models. There was clear daily and weekly seasonality in the time series. A Box-Cox logarithmic 

transformation has been applied to adjust the variability and non-linearity. So, the multiple time 

series class models with multiple seasonality periods are preferable. The fitted models for 

hourly electricity power consumption forecasting are: TBATS (1, {5, 2}, 0.814, 24, <11>, 

<168, 5>}), BATS (1, {3,4}, 0.871, {24, 168}), and STL + ETS (A, Ad, N). The model 

combinations are evaluated by considering models with the least values of Mean Error (ME), 

Root Mean Square Error (RMSE), Mean Absolute Error (MAE), Mean Percentage Error 

(MPE), Mean Absolute Percentage Error (MAPE), Autocorrelation Function (ACF1), and 

Theil’s U statistic. The measurement values of the Seasonal and Trend decomposition utilizing 
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the loess model (STL) are the lowest of all the others. So, according to the least values, STL + 

ETS (A, Ad, N) model show the best forecasting performance over TBATS, BATS, and DSHW 

models. 

Testing Fundamental Arithmetic Skills on Paper and 

Spreadsheet 

Mária Csernoch (University of Debrecen), Keve Nagy (University of Debrecen) 

and Vilmos Csongor László (Diószegi Kis István Reformed Bilingual Primary 

School and Elementary School of Arts Berettyóújfalu) 

The present study provides the details of the comparison of a long-running paper-based testing 

of fundamental arithmetic skills to its spreadsheet-based version. The classical paper-based 

testing was repeated in a spreadsheet environment in the Grades 2–7 students of a Hungarian 

school. Minor modifications were applied to the mutually accepted paper-based testing to make 

the two testing conditions as similar as possible. The results do not prove that the skills allegedly 

associated with digital natives exist. On the contrary, we have found proof that the students of 

the digital era require well-structured educational concepts for developing their fundamental 

digital skills. 

The Effectiveness of the Webtable-Datatable Conversion 

Approach 

Mária Csernoch (University of Debrecen), Katalin Sebestyén (University of 

Debrecen, Doctoral School of Informatics) and Gábor Csapó (University of 

Debrecen, Doctoral School of Informatics)  

Informatics education in Hungary is based on the National Base Curriculum (NAT) and the 

Frame Curricula. These documents contain the subjects (sciences), the number of classes for 

each subject and the requirements for each grade. According to the NAT2012, Informatics as a 

compulsory school subject is introduced in Grade 6. The filemanagement is among the first 

topics that students must learn according to the Frame Curricula. However, this is not their first 

encounter with filemanagent, since by the age of 12 most of the students are already active users 

of digital tools, and associated with the false assumptions of digital natives. Due to the late 

introduction, the filemanagement is one of the most neglected topics in informatics education. 
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Nevertheless, this is one of the most important topics, since it is essential for further 

development in handling digital products. Our research group developed the Webtable-

Datatable Conversion (WDC) high-mathability method to teach filemanagement. This 

approach not only focuses on the main file operations but handles real world problems which 

require firm algorithm construction and datamanagement. The aim of the present study is to 

measure the effectiveness of the WDC approach with Grade 9 students, where the comparison 

of groups studying with the traditional and the WDC methods was carried out. 

Negative Sampling in Variational Autoencoders 

Adrián Csiszárik (Alfréd Rényi Institute of Mathematics), Beatrix Benkő (Eötvös 

Loránd University) and Dániel Varga (Alfréd Rényi Institute of Mathematics)  

Modern deep artificial neural networks have achieved great success in the domain of computer 

vision and beyond. However, their application to many real-world tasks is undermined by 

certain limitations, such as overconfident uncertainty estimates on out-of-distribution data or 

performance deterioration under data distribution shifts. Several types of deep learning models 

used for density estimation through probabilistic generative modeling have been shown to fail 

to detect out-of-distribution samples by assigning higher likelihoods to anomalous data.  We 

investigate this failure mode in Variational Autoencoder models, which are also prone to this, 

and improve upon the out-of-distribution generalization performance of the model by 

employing an alternative training scheme utilizing negative samples. We present a fully 

unsupervised version: when the model is trained in an adversarial manner, the generator's own 

outputs can be used as negative samples. We demonstrate empirically the effectiveness of the 

approach in reducing the overconfident likelihood estimates of out-of-distribution inputs on 

image data. 



 

 

29 

 

 

Fast, GPU-based Computation of Large Point-Spread 

Function Sets for the Human Eye using the Extended 

Nijboer-Zernike Approach 

István Csoba (University of Debrecen) and Roland Kunkli (University of 

Debrecen) 

The point-spread function (PSF) is the diffraction pattern of an infinitesimal light source and 

plays an important role in the study and simulation of human vision. It forms the backbone of 

a multitude of vision-rendering algorithms, as it can be used to obtain the necessary kernels for 

convolution. Its computation is often performed via ray-tracing or the fast Fourier transform 

(FFT), but recently we also demonstrated that the Extended Nijboer-Zernike (ENZ) approach 

can be a more efficient alternative, which reduces the computation time of large PSF sets to just 

a few minutes. In this paper, we present a significantly faster, GPU-based computation scheme 

of the ENZ approach to further improve the computation process for such large PSF sets. Our 

algorithm works by reformulating the core of the PSF function to reusable subterms that are 

efficient to accumulate in parallel. We demonstrate that our proposed method leads to 

substantial performance improvements and facilitates the interactive exploration of visual 

aberrations when paired with our existing vision simulation algorithm. 

The Robustness of the cμ-Rule for a Unreliable Single-

Server Two-Class System with Constant Retrial Rates 

Dmitry Efrosinin (Johannes Kepler University Linz) and Natalia Stepanova 

(V.A. Trapeznikov Institute of Control Sciences of RAS)  

We study the robustness of the cμ-rule for the optimal allocation of a resource consisting of one 

unreliable server to parallel queues with two different classes of customers. The customers in 

queues can be served with respect to a FCFS retrial discipline, when the customers at the head 

of queues repeatedly tries to occupy the server in a random time. It is proved that for the 

scheduling problem in the system without arrivals the cμ-rule minimizes the total average cost. 

For the system with arrivals it is difficult directly to prove the optimality of the same policy 

with explicit relations. We derived for an infinite-buffer model a static control policy that also 

prescribes for the certain values of system parameters the service exclusively for the class- i 
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customers if both of queues are not empty with the aim to minimize the average cost per unit 

of time. It is also shown that in a finite-buffer case the cμ-rule fails. 

On the visualization of the Rubik's Cube and its 

permutations 

Bence Dániel Erős (University of Debrecen) and Roland Kunkli (University of 

Debrecen)  

People have been curiously looking for the solution techniques of the Rubik's Cube for decades 

and continuously using the support of the computers for this purpose. During this human-

computer interaction, visual representations provide many different viewpoints to get the 

required information for the player about the puzzle for a better understanding. In this talk, we 

go through these graphical representations, focusing on the current visualization techniques 

supporting players in learning and analyzing solution algorithms or studying the mathematical 

background of the puzzle. After a theoretical review of the related research fields, we 

demonstrate our created visualizations to support the players for a better computer-aided puzzle 

analysis. 

A continuous-time network evolution model describing N-

interactions 

István Fazekas (University of Debrecen), Attila Barta (University of Debrecen) 

and Bettina Porvázsnyik (University of Debrecen)  

A continuous-time network evolution model is studied. The main ingredients of our network 

are the teams. Any team is represented as a clique of sizes 1, 2, . . . , N , where N is an arbitrarily 

large fixed number. The evolution of the cliques is governed by a multi-type continuous-time 

branching process. Theoretical and empirical results on the asymptotic behavior of the model 

are given. 
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Generalized Savitzky-Golay filter for smoothing triangular 

meshes 

Gábor Fábián (Eötvös Loránd University)  

In this paper, the well-known Savitzky-Golay filter is generalized for three-dimensional 

triangular meshes. Savitzky-Golay filter is designed for smoothing noisy measurement signals, 

initially, a locally polynomial model is fitted to approximate the discrete measurement values. 

We will show, that the original idea can be naturally adapted for smoothing functions defined 

on an irregular two-dimensional triangular mesh. Primarily surfaces represented by three-

dimensional triangular meshes are in the focus of this paper, which are by definition locally 

homeomorphic to the two-dimensional topological disk. As the generalized filter is meaningful 

on the plane, we will define local embeddings that send vertices and their neighborhoods to the 

disk. The points of the two-dimensional disk and the three-dimensional surface can be paired 

to each other using these embeddings, thereafter low-degree multidimensional polynomials can 

be fitted to the point pairs obtaining a similar continuous model, just like in the one-dimensional 

case. Finally, we show an application of our method for mesh smoothing, and qualitative 

comparison to other mesh smoothing methods, e.g. the Laplacian smoothing. 

Application of Time-Series Method in Company Revenue 

Herry Kartika Gandhi (University of Debrecen) 

This study applied a kernel smoothing approach using a rough dataset for company revenue. 

The rough dataset often happens in daily revenue, which needs mathematical smoothing 

combined with the time series method. The method of smoothing and aggregation is compared 

with the non-smoothing dataset using Ljung-Box statistics and MAPE (Mean Absolute 

Percentage Error). This paper uses seasonal Auto-regressive and Integrated Moving Average 

(ARIMA) to generate the forecasts. The results show that after comparing the smoothing and 

non-smoothing datasets, the smoothing dataset performs better than the non-smoothing dataset. 

Although the two datasets are valid using Ljung-Box statistics, the MAPE value of smoothing 

data (17.54) is lower than the value of non-smoothing data (18.08). Also, the Seasonal ARIMA 

(1,1,2,0,0,1)’52 model was found more precise for forecasting this revenue dataset. 
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Leveraging Fog Computing for Geographically Distributed 

Smart Cities 

Rasha Gargees (University of Missouri)  

Recently, the emergence of smart cities (SC), where data streams come from various 

geographically distributed places, has posed new challenges. Cloud Computing provides 

excellent services for smart cities, such as powerful computation and storage. However, 

processing the geographically distributed data using cloud computing only is not an ideal 

solution in many cases. Additionally, moving all the big raw data to the remote cloud is another 

challenge for cloud computing since there will be shortcomings in terms of delay and high 

bandwidth consumption. A solution that allows fog-to-cloud or fog-to-fog communication can 

address these limitations as fogs are typically located locally near the data sources. However, 

the questions related to the efficient frameworks design, workload distribution, cost, and 

various key technologies and communication challenges remain. To this end, this research 

investigates the impact of fog, employing our proposed architecture, on the efficient utilization 

and management of resources in highly distributed systems through experiments. The 

comparison showed that fog computing reduces the cost in terms of time and resource 

utilization. Additionally, the collaboration of autonomous agents locally (within one fog) or 

globally (across multiple fogs and cloud) supports scalability and automation. It also facilitates 

large-scale data processing across various real-world distributed locations. 

Greedy algorithm for edge-based nested community 

detection 

Imre Gera (University of Szeged), András London (University of Szeged) and 

András Pluhár (University of Szeged)  

We propose an edge-based community detection algorithm that finds nested communities of a 

given graph. The communities are defined as the subgraphs induced by the edges of the same 

label and these edges together fulfill the property of network nestedness. Our method compares 

only possibly nested pairs of nodes and assigns all their edges to either common or different 

communities, realizing nested subgraphs. Finally, the algorithm removes superfluous 

communities in a post-processing step. We inspect the algorithm's performance on a set of host-

parasite networks and show the correlation between mean community size and the discrepancy 
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nestedness measure. Since the algorithm's performance is adjustable through a threshold 

parameter, we also investigate the effects of the parameter on the number of iterations and the 

obtained community structure. 

Clustering-based customer representation learning from 

dynamic transactional data 

Gleb Glukhov (ITMO) and Klavdiya Bochenina (ITMO)  

We propose a new clustering-based method for customer feature vector extraction based on the 

history of their financial transactions. Customer vector representations can be used to solve 

downstream tasks, such as customer segmentation or next purchase category prediction. The 

main advantage of the proposed method is that the obtained feature vectors may be interpreted 

in terms of temporal activity while preserving sufficient quality for solving downstream tasks. 

Using this method, we were able to extract well-interpreted customer segments (using the debit 

card transaction data from a large Russian bank) which are useful for various business cases 

(e.g., planning of marketing campaigns or customized recommendations of financial products). 

This interpretation would help meet the tasks of analyzing the typical customer behavior and 

its reasons. In addition, we demonstrate that our method of constructing embeddings provides 

comparable quality for several downstream tasks (customer purchase category forecasting, 

missing category prediction, and campaign targeting) with non-interpretable algorithms such 

as word2vec and autoencoders approaches. 

M-tree index for music similarity 

Gergő Gombos (Eötvös Loránd University), Zsolt Zoltán Sajti (Eötvös Loránd 

University) and János Márk Szalai-Gindl (Eötvös Loránd University)  

The similarity between songs is an important part of the MIR (Music Information Retrieval), 

but the definition of the similarity is very subjective. Similarity can be used, for example, in 

recommendation systems. These systems recommend similar songs based on the user history 

from a database. To find similar songs in a fast way we have to index the data. Most database 

indexes are created for exact item searches. GiST (Generalized Search Tree) gives us the 

possibility to create an index with a distance function between items. These distances can be 

used for similarity measures. In this paper, we show how can use music similarity for distance 
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in M-tree, which is a distance-based index. Two similarity metrics are used to create an index 

of music data: song tags and cosine contour. 

Torch: Software Package for the Search of Linear Binary 

Codes 

Carolin Hannusch (University of Debrecen) and Sándor Roland Major 

(University of Debrecen) 

We describe a software package created by the authors that can be used to search for linear 

binary codes with almost arbitrary conditions. The package is easily extensible and 

reconfigurable to suit the specific needs of the search. The main function can be used to search 

for currently unknown linear codes, or to quickly generate examples of known codes. 

A Comparison of HOG-SVM and SIFT-SVM Techniques 

for Identifying Brown Planthoppers in Rice Fields 

Christopher G. Harris (University of Northern Colorado), Y. Andi Trisonyo 

(Universitas Gadjah Mada) and Ignatius P. Andika (Universitas Gadjah Mada)  

Brown planthoppers (BPH) are insect pests that cause significant damage to rice crop yields 

throughout the Asia-Pacific region. Early identification of BPH forms has ramifications for 

forecasting potential outbreaks.  To address this, we use Adaboost and Haar features to discover 

areas of interest on images of rice plants. We apply two separate techniques to identify the BPH 

in images: we compare a technique that utilizes HOG descriptors and another that utilizes SIFT 

feature descriptors. To each of these techniques, we apply a Support Vector Machine (SVM) to 

allow us to classify areas of interest in the images.  Our approach achieves a weighted average 

classification rate of 95.38% for HOG and 96.38% for SIFT, improving upon state-of-the-art 

BPH detection methods and our findings lay the groundwork for other insect pest identification 

and detection efforts. 
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A Survey on Cervix Detection and Classification-Based on 

Deep Learning Techniques 

K Hemalatha (Anna University)  

Cervical cancer is responsible for about 90% of all deaths in low- and middle-income nations 

(LMIC). Cervical cancer is still one of the most common cancers in women's that develops in 

the cervix lower part of the womb that connects to the vagina canal. Cervical cancers are caused 

by continual infection on their cervix with one of the human papilloma viruses (HPVs).  The 

most commonly used screening test for early detection of abnormal cells and cancer is the Pap 

smear test. Manual screening, on the other hand, leads to human errors. This paper will examine 

each deep learning model and explore recent work in the field of cervix detection and image 

classification using publicly accessible Intel and Mobile-ODT Kaggle dataset. 

Deep Learning-Based Classification of Cervical Cancer 

using Transfer Learning 

K Hemalatha (Anna University) and V Vetriselvi (Anna University)  

Cervical cancer is responsible for 90% of all deaths in low- and middle-income nations (LMIC). 

Cervical cancer is still one of the most common cancers in women’s that develops in the cervix 

lower part of the womb that connects to the vagina canal. Cervical cancers are caused by 

continual infection on their cervix with one of the human papilloma viruses (HPVs). The most 

commonly used screening test for early detection of abnormal cells and cancer is the Pap smear 

test. Manual screening, on the other hand, leads to human errors. It is possible to save lives by 

detecting cancer early and accurately. Transfer learning has made significant progress in the 

field of machine learning in recent years, and the use of transfer learning technology to cervical 

cancer image classification has emerged as a new experimental domain. This work presents a 

study of transfer learning frameworks InceptionResNetV2, VGG19, DenseNet201 and 

Xception networks pre-trained on ImageNet, to classify cervical images using the SIPaKMeD 

dataset. 
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Using Irreducible Polynomials for Random Number 

Generation 

Tamás Herendi (University of Debrecen) and Roland Major (University of 

Debrecen)  

A method is presented for generating random numbers with uniform distribution using linear 

recurrence sequences with very large period lengths. This method requires an irreducible 

polynomial modulo 2 to define the sequence. A suitable method for generating an infinite 

number of such polynomials is presented. The polynomials generated in this way can have an 

arbitrarily large degree, and a large enough order to make them suitable for practical 

applications. 

Development of Machine Learning-based Model for 

Anomaly Detection and Fault Cause Diagnosis of Assets in 

Petrochemical Industries 

Hwawon Hwang (Hanwha Systems), Yojin Kim (Hanwha Systems), Seunghye 

Lee (Hanwha Systems), Heejeong Choi (Korea University), Pilsung Kang 

(Korea University), Yongha In (Hanwha Systems), Wonwoo Ro (Hanwha 

Systems) and Namwook Kang (Hanwha Systems)  

Petrochemical companies put a lot of effort on maximizing productivity and optimizing 

TCO(Total Cost of Operation) by reducing the unplanned downtime for stable operation of 

assets since unplanned downtime of assets leads to huge production loss and environmental 

safety accidents. Required functionality of PdM (Predictive Maintenance) solution is predicting 

prognostic abnormal behavior of assets as soon as possible before the time when asset fault 

occurs, giving warning alarm to engineers, and helping them take proactive measures by 

diagnosing cause of asset fault and guiding right direction of measures.  In this research, the 

PdM model has been developed using Variational AutoEncoder and Isolation Forest algorithms 

to detect prognostic abnormal behavior of assets before the unplanned shutdown of the asset. 

And PdM model for diagnosing possible cause of abnormal behavior of the centrifugal 

compressor also has been developed to help domain field engineers take right measures in 

advance before unplanned shutdown of the asset. By applying the PdM model to real data of 
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centrifugal compressor in petrochemical process, the PdM model has been successfully 

validated and shown feasible result. 

Evaluation of Machine Learning Methods for Predicting 

Rainfall in Bangladesh 

Ferdous Zeaul Islam (North South University), Rifat Islam (North South 

University), Ashfaq Jamil (North South University) and Sifat Momen (North 

South University)  

Rainfall is a crucial weather parameter in the context of Bangladesh. Prediction of rainfall can 

effectively aid the decision making process for agriculture and natural disaster management of 

the country. However the chaotic nature of rainfall due to climate change has made the task of 

rainfall prediction challenging for traditional statistical models. In this study we analyze the 

performance of six machine learning algorithms: Decision Tree (DT), K-Nearest Neighbours 

(KNN), Random Forest (RF), Extreme Gradient Boosting (XGB), Light Gradient Boosting 

(LGB) and Multi-Layered Perceptron (MLP) in predicting daily rainfall as both regression and 

classification. In addition we try out an approach called Zero Inflated Regression (ZIR) to 

address the excessive amount of zero rainfall values in the dataset. The models were trained 

with and without feature selection and/or sampling techniques (for classification). During 

training, 10-fold cross validation and hyperparameter tuning on the train set was performed and 

afterwards the selected models were applied to the test set for evaluation. For regression LGB 

with SelectKBest feature selection had the best performance on the test set with R2-

score=0.203, MAE=6.40 and RMSE=15.44. Among the classifiers XGB with no feature 

selection and no sampling technique resulted with best test accuracy=0.787 and test macro f1-

score=0.62. The ZIR model consisting of XGB classifier and LGB regressor with no feature 

selection yielded R2-score=0.189, MAE=5.789 and RMSE=15.575 on the test set. Interestingly 

the ZIR models produced lower MAE compared to the regression models but the regression 

models had better R2-score. 
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Machine Learning Techniques Applied to Bangla Crime 

News Classification 

Nusrat Islam (North South University), Rokeya Siddiqua (North South 

University) and Sifat Momen (North South University)  

The methodical approach to crime detection, crime pattern classification and crime tendency 

guessing is called crime analysis and prediction. Crime is naturally unpredictable and socially 

disruptive. With the increase in the population of Bangladesh, the tendency of crime is also 

increasing, which is destroying our society in various ways. Therefore, crime data analysis has 

become essential in order to predict future crime types. In our research paper, six types of 

Machine learning algorithms were used in order to classify the crime news. Crime news were 

fetched from online Bangla newspapers and TV channels using Web Scraper. In order to extract 

the features (important words), two types of feature extractors have been used including 

CountVectorizer and TfidfVectorizer where CountVectorizer was from a well-known python 

pre-trained package named BnVec. Accuracies of 87.69% and 86.09% were found from the 

Logistic Regression and SVM models respectively. Besides, Logistic regression provided less 

false negative with 86.65% recall and 86.58% F1-score. This research has a potential to be used 

to prevent crime and to apprehend, investigate and prosecute the criminals. 

Estimating road traffic flows inmicroscopic Markov model 

Péter Jeszenszky (University of Debrecen), Renátó Besenczi (University of 

Debrecen), Máté Szabó (University of Debrecen) and Márton Ispány (University 

of Debrecen)  

Traffic   flows   gain   more   and   more   attention   in transportation engineering. One possible 

means of understanding the   traffic   flow   in   a   city   is   to   gather   sequences   of   traffic 

position data, called link  flows,  measured  by  vehicle-mounted sensors, which are increasingly 

available by various providers for municipalities. Link flows can be used for planning of 

operation and maintenance, and for forecasting of future traffic events. In this paper,  we  

investigate  how  the  microscopic  Markov  traffic model  can  be  used  to  predict  traffic  

congestion  on  the  roads between different nodes or regions of a city. The proposed model is 

evaluated in a numerical  study  by  using  real  traffic  data recorded  in  the  city  of  Porto.  
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The results show that  the  model developed for simulation is of limited use for predicting the 

traffic between  different  areas  of  a  city. 

 

Deep learning-based anomaly detection for autonomous 

vehicles 

Tibor Péter Kapusi (University of Debrecen), László Kovács (University of 

Debrecen) and András Hajdu (University of Debrecen)  

Autonomous driving and self-driven vehicles have become one of the most important research 

areas in recent years. Nowadays, various driving tasks can be solved by applying the newest 

machine learning techniques such as line tracking, traffic sign recognition, automated speed 

adjustment, and parking. However, difficult visual conditions and anomalies can cause 

problems in selected algorithms, which may occur unexcepted and failure operations in these 

cases. It is also expected not just very expensive to make such kind of experiments, but these 

difficult conditions are also lead to dangerous traffic situations at the same time. We made effort 

to put these kinds of studies into a cost-effective and safe model-scale sized environment. In 

this paper, we introduce an anomaly detection method, which is capable of recognizing 

abnormal and burnt-out objects in image scenes. Our proposed method is based on a rather fast 

neural network architecture using YOLO layers to detect regions. In our experiments, we 

demonstrate the capabilities and detection accuracy of the designed neural network, called 

anomalyNet, with the full training and evaluation process. In the study, we work with publicly 

available datasets, but our model-sized track and DAVE (University of Debrecen Autonomous 

VehiclE) play an important role also. 

Unbounding Discrete Oriented Polytopes 

Mátyás Kiglics (Eötvös Loránd University), Gábor Valasek (Eötvös Loránd 

University) and Csaba Bálint (Eötvös Loránd University) 

We propose an efficient algorithm to compute k-sided unbounding discrete oriented polytopes 

(k-DOPs) in arbitrary dimensions. These convex polytopes are constructed for a fixed set of 

directions and a given center point. The interior of unbounding k-DOPs does not intersect the 

scene geometry.  We discuss several types of general geometric queries on these constructs, 
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such as intersection with rays, and provide an empirical investigation on the limit of these 

shapes as the number of sides increases. In the plane, we extend our construction to plane shapes 

enclosed by arbitrary parametric boundaries with known derivative bounds. 

Neural Network-Based Prediction for Lateral Acceleration 

of Vehicles 

János Kontos (University of Pannonia), Balázs Kránicz (Continental Automotive 

Hungary Ltd.) and Ágnes Fogarassy-Vathy (University of Pannonia)  

Lateral acceleration is a key element of vehicle dynamics. It is consumed by several control, 

stability and comfort functions of the vehicle. In this paper a neural network-based prediction 

method is demonstrated for predicting the value of lateral acceleration. The inputs of the method 

are the most accessible signals in any modern vehicle: wheel speed information, longitudinal 

acceleration and steering wheel angle. For training, validating and testing the neural network, 

experimental data was used. The hyperparameters of the neural network were tuned by a hybrid 

approach. The accuracy of the approach was evaluated by comparing the actual measured 

values to those predicted by the neural network. Evaluation results convincingly demonstrate 

the usefulness and reliability of the developed model. 

Fractals and Wavelets-Based Energy Analysis of Cost-

Balanced LEACH Sensor Network 

Mohamed Amine Korteby (University of Debrecen), Djamila Talbi (University 

of Debrecen) and Zoltán Gál (University of Debrecen) 

Wireless Sensor Networks (WSNs) have made significant stride in recent years owing to their 

growth in terms of equipment and cost reduction. Depending on the application and network 

architecture, many routing protocols have been suggested and developed. One of energy’s most 

efficient management of the WSN’s nodes is provided by the LEACH (Low Energy Adaptive 

Clustering Hierarchy) mechanism. This hierarchical protocol uses cluster head function of the 

nodes to aggregate and forward the messages from the cluster members to the fixed sink node. 

We propose new family of routing mechanism called CB-LEACH by introducing movement 

possibility to the sink node and balancing the cluster head election decision based on the 

distances between the nodes and on the remaining energy of the possible cluster head 
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candidates. We introduced Hausdorff dimension, memory exponent and common metric of 

fractality metrics to characterize the new routing mechanism. It is proved that these metrics are 

able to highlight most important features of the newly proposed CB-LEACH system. 

Sensor design and integration into small sized autonomous 

vehicle 

László Kovács (University of Debrecen), Dávid Baranyai (University of 

Debrecen), Tamás Girászi (University of Debrecen), Tamás Majoros (University 

of Debrecen), Ádám Kovács (University of Debrecen), Máté Vágner (University 

of Debrecen), Dénes Palkovics (University of Debrecen) and Tamás Bérczes 

(University of Debrecen)  

Autonomous vehicles use several different kinds of sensors to get information about the 

surrounding area. With sensors and artificial intelligence, the autonomous vehicle tries to find 

the optimal decision as close as possible to the appropriate behavior. Because of the huge 

amount of data, the usage of modern machine learning and data-driven approaches is necessary. 

Although computing big data is not easily handled especially onboard a vehicle, the critical 

mass of the diverse data generated from different sources is essential. In the field of autonomous 

vehicles, there have not been standards yet, but the range of applied sensors is well-known. 

Most systems use a combination of cameras, radar, and LiDAR (Light Detection and Ranging) 

sensors that transmit data to a central computer that detects the environment around the car. 

Self-driving development could be supported with model-sized self-driving vehicles because 

of the complexity of the area. The development of autonomous vehicles consists of security, 

communication, and data processing issues. Mistakes are increasing the risks of potential 

accidents. The realistic environment which can be simulated or built makes it possible that the 

learned behavior can be carried across the platforms while the differences in the sizes are not 

playing an important role in the matter of learning. The previous reason causes the model-size 

self-driving development to be more cost-effective.  In our work, we developed a self-driving 

model car with different types of sensors. Measurement data from them can be used to improve 

the self-driving capabilities of the vehicle. 
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Digital steering sensor development for model-scaled 

autonomous vehicles 

László Kovács (University of Debrecen), Yu Xie (University of Debrecen), 

Csaba Zolnai (University of Debrecen), Ferenc Mári (University of Debrecen), 

István Oniga (University of Debrecen) and Tamás Majoros (University of 

Debrecen)  

In our project, we plan to develop and integrate heterogeneous sensors into our small-sized 

autonomous car “DAVE” including chassis. As the first step, we would like to digitized the 

steering to be able to measure the degree of the streeing actuators and generate an accurate 

feedback signal into our CAN-BUS. As it will be shown we use Hall sensors for this purpose, 

which are devices to detect magnetic field changes, and they can be used in a variety of 

magnetic field-related environments. Because of its magnetic field sensitivity, simple structure, 

small size, wide frequency response, output voltage change, and long service life, it is widely 

used in measurement, automation, computer and information technology, and other fields. In 

this paper, we propose a specific design and configuration of a Hall sensor array. It consists of 

a self-designed 3D holder for the components, 15 Hall sensors, and a magnet. As it will be 

presented below we use a sensor array designed and developed by us successfully to measure 

and track the movement of a magnet in a very small and dense area. It's characteristics are small 

volume, high precision, and it can not be easily disturbed by the outside world thus it is a robust 

enough solution to use for digital steering purpose. 

Tree Generating Context-Free Grammars and Regular Tree 

Grammars are Equivalent 

Dávid Kószó (University of Szeged)  

We show that it is decidable whether the language generated by a given context-free grammar 

over a tree alphabet is a tree language. Furthermore, if the answer to the respective question is 

``yes'', then we can even construct a regular tree grammar which generates that tree language. 
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Predicting the direction of the oil price trend using sentiment 

analysis 

Róbert Lakatos (University of Debrecen), Gergő Bogacsovics (University of 

Debrecen) and András Hajdu (University of Debrecen)  

In this paper, we present a natural text processing model for predicting the price of exchange-

traded products based on machine learning and general statistics. With the help of our model, 

we are forecasting the trend of one of the most important energy, the oil prices daily basis from 

tweets. The backbone of our model consists of transformer-based techniques in a recurrent 

neural network framework with corresponding hyperparameter optimization. The essence of 

our solution is to use the sentiment characteristics and vocabulary that can be extracted from 

the tweeter news. We have found that some of the news sources has better correlated to the oil 

price change which observation was used to refine the training corpus. Furthermore, we have 

applied noise filtering with removing the insignificant words from the textual information. In 

this way, we have generated a data source from which the sentiment values showed a high-

precision correlation of 84.08\% with the true direction of the oil price. 

Knowledge Enriched Schema Matching Framework for 

Heterogeneous Data Integration 

Chuangtao Ma (Eötvös Loránd University), Bálint Molnár (Eötvös Loránd 

University), Ádám Tarcsi (Eötvös Loránd University) and András Benczúr 

(Eötvös Loránd University)  

Schema matching is a process of generating the assertions and mappings from the identified 

semantic correspondence, which is a critical phase of migrating and integrating the 

heterogenous databases from multiple sources. However, the semantic heterogeneity in various 

schemas brings some obstacles while establishing the correspondences between a source 

schema and target schema, hence human interventions and domain knowledge are required to 

tackle some complex mapping tasks for heterogeneous data integration. To reduce human 

intervention and improve the ability to handle complex matching tasks, we propose a 

knowledge-enriched schema matching framework. In this framework, the schema matching 

task is treated as a classification problem, thereby, a schema matching network is designed as 

a classifier to indicate the mapping result. In particular, the relational embeddings and external 
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knowledge bases are injected into the schema matching network to capture the background 

knowledge and provide the common knowledge to handle the semantic heterogeneity for 

complex mapping tasks. Additionally, the main components and their roles of the proposed 

framework are analyzed, the feasibility of our framework and the future work are highlighted. 

Virtual environment synchronization for autonomous 

vehicles 

László Mészáros (University of Debrecen), Kornél János Kovács (University of 

Debrecen), Gábor Vasváry (University of Debrecen), Balázs Elek Borsos 

(University of Debrecen) and László Kovács (University of Debrecen)  

Self-driving cars need various kinds of image data. Creating a data set for this can be difficult 

and expensive. One solution for that is virtualization. This article is about creating and 

synchronizing a virtual environment for our self-driving car project in Unreal Engine. In this 

way, we can simulate and get data for cases that can be dangerous like a human passing a 

pedestrian crossing, or cases that can be expensive like big traffic on the road. To train our 

model we will use both real and virtual images. The creation of an autonomous small-scale car, 

virtualization is only a step for our plan to develop a real-world self-drive car. 

Automatization of training data filtering for self-driving cars 

László Mészáros (University of Debrecen), Dénes Palkovics (University of 

Debrecen), Veer Singh (University of Southern California, Viterbi School of 

Engineering) and László Kovács (University of Debrecen)  

One of the most important parts of the development of self-driving vehicles is a large, reliable, 

properly labeled, diverse and well-balanced dataset. Data that meets these criteria can only be 

produced at the cost of hundreds or even thousands of hours of work by experienced people, 

and this time can grow exponentially as we want to create a database that meets more and more 

criteria. It is also important that the procedure of recording data and labeling also can include 

some noise and the classes could be imbalanced seriously thanks to the nature of the problem. 

As part of our project, we aim to minimize the costs, time-consuming procedures and reduce 

the noise and minimize the balancing effect during training. As a solution, we have created a 

neural network-based solution that can learn from the already validated database to be able to 
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filter training data before training to save computing power also. This means our solution also 

includes an auto-categorization enhanced with heatmap visualization driven by the basic 

elements of the tracks.  With this solution, we can successfully reduce the time required for data 

cleaning and partially automated the process of data collection. 

CatMat: 3D Object Recognition Using Catenarian Matching 

Máté Michelisz (Eötvös Loránd Tudományegyetem), Dániel Varga (Eötvös 

Loránd Tudományegyetem) and János Márk Szalai-Gindl (Eötvös Loránd 

Tudományegyetem) 

Object recognition in 3D point clouds is an important and widely researched topic. We propose 

a novel method based on local point descriptors. We detect edge points on the scene and object 

clouds, and construct a weighted edge graph on the object clouds. We find point chains on the 

objects based on the constructed graph, and seek similar point chains on the scene cloud using 

local descriptor matching and geometric constraints. We estimate transformations using 

corresponding point chains, and validate the transformations with a voxel-based method. Our 

method is capable of multi-instance object recognition. In this paper we present our method and 

compare it with a similar solution. Based on our evaluation, the proposed method is able to find 

various objects on scene clouds and robust to noise. 

Machine Learning for Energy Price Forecasting Using High 

Dimensionality Reduction Techniques 

Vidya Moni (National Institute of Technology, Warangal), Maheshwari 

Mattipalli (National Institute of Technology, Warangal) and Altaf Badar 

(National Institute of Technology, Warangal) 

Price forecasting has become a highly significant tool as a consequence of the deregulation of 

power markets. Price prediction techniques are often used by enterprises trading in electricity 

markets, either to bid or to hedge against volatility of the energy price. Short-term forecasting 

(up to a week ahead) is mostly used for scheduling and assessing the distribution network, 

whereas mid-term forecasting (one month to five years) is used to plan power production 

resources and rates. In day-ahead trading, a power market business that can predict variable 

wholesale prices with a decent degree of precision can alter its bidding strategy and its own 
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production or consumption schedule to limit risk or maximize profits, as the market is extremely 

competitive. In this paper, the next-day directional change of the electricity prices of the 

German and Austrian areas of the EEX wholesale market are predicted based on several 

parameters, including the daily Phelix index, volume of trade, coal prices, Title Transfer 

Facility (TTF), which is a virtual trading point for natural gas in Netherlands, wind power 

production, and many others. High Dimensionality Reduction techniques, namely Principal 

Component Analysis (PCA) and Linear Discriminant Analysis (LDA) are used in conjunction 

with Machine Learning (ML) classification algorithms; Support Vector Machines (SVM) and 

Artificial Neural Networks (ANN), in particular. The software employed for this research was 

Python 3, used on Google Colaboratory. The The maximum forecast accuracy achieved by our 

model was 75.00%. 

Stability condition of multiclass classical retrials: a revised 

regenerative proof 

Evsey Morozov (Institute of Applied Mathematical Research Karelian Research 

Centre RAS) and Stepan Rogozin (Institute of Applied Mathematical Research 

Karelian Research Centre RAS)  

We consider a multiclass retrial system with classical retrials, and present a new short proof of 

the sufficient stability (positive recurrence) condition of the system. The proof is based on the 

analysis of the departures from the system and a balance equation between the arrived and 

departed work. Moreover, we apply the asymptotic results from the theory of renewal and 

regenerative processes. This analysis is then extended to the system with the outgoing calls. A 

few numerical examples illustrate theoretical analysis. 

Analysis of a typical cell in the uplink cellular network 

model using stochastic simulation 

Taisiia Morozova (Uppsala University) and Ingemar Kaj (Uppsala University)  

In this work we consider an uplink cellular network with the focus on a typical cell rather than 

the whole network. The base stations (BSs) and the users are distributed according to Poisson 

point processes (PPP) and the signals are transmitted at random power. The BSs' serving area 

is formed according to the Voronoi diagram and the users are associated with a serving BS 



 

 

47 

 

 

based to the shortest distance. One of the features of the system is that we primarily take into 

account the interference inside a d-dimensional ball of the average size of a typical Voronoi 

cell. In this work we mainly focus on the system stability and discuss a necessary stability 

condition and then verify it by using stochastic simulation. We also discuss some properties of 

the network that can affect the stability and appear to be interesting and promising for the 

performance analysis of the system. 

Neural Network-Based Comparison of Real and Synthetic 

Data Series in TeraHertz Domain 

Yousif Mudhafar (University of Debrecen), Djamila Talbi (University of 

Debrecen) and Zoltán Gál (University of Debrecen)  

Extension of real data by synthetic data becomes more important aspect of the virtualization 

technics today. In this paper we demonstrate how synthetic data generated from real data can 

be used in the supervised classification process of three different recurrent neural networks: 

Long-Short Term Memory, Bidirectional LSTM and Gated Recurrent Unit. Other aspect is 

presented concerning influence of the noise to the classification of real and synthetic data series. 

The paper demonstrates that LSTM network has better classification performance than GRU, 

even the last one has higher accuracy during the training. Synthetic data can eternalize just part 

of the features of the original real data and extraction efficiency of these characteristics depend 

on the applied neural network. 

Regeneration estimation in partially stable two class retrial 

queue 

Ruslana Nekrasova (Institute of Applied Mathematical Research Karelian 

Research Centre of RAS)  

We consider two-class retrial queuing system with constant retrial rate fed by Poisson input and  

apply  regenerative confidence estimation for mean number of customers in the stable orbit, 

while  the other orbit intimately grows. The simulation results  illustrate that partially  stable 

case allows to provide accurate confidence estimation, even the  stability conditions for the 

whole system are violated. 
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ML-Based Online Traffic Classification for SDNs 

Mohammed Nsaif (University of Debrecen), Gergely Kovásznai (Eszterházy 

Károly University), Mohammed Abboosh (University of Debrecen), Ali Malik 

(Technological University Dublin) and Ruairí de Fréin (Technological 

University Dublin)  

Traffic classification is a crucial aspect for Software-Defined Networking functionalities. This 

paper presents an on-going project aiming at optimizing power consumption in the environment 

of software-defined datacenter networks. We have developed a novel routing strategy that can 

blindly balance between the power consumption and the quality of service for the incoming 

traffic flows. In this paper, we demonstrate how to classify the network traffic flows so that the 

quality of service of each flow-class can be guaranteed efficiently. This is achieved by creating 

a dataset that encompasses different types of network traffic such as video, VoIP, game, and 

ICMP. The performance of a number of Machine Learning techniques is compared and the 

results are reported. As part of future work, we will incorporate classification into the power 

consumption model towards achieving further advances in this research area. 

Differential Privacy in Clinical Environment 

Gábor Opposits (University of Debrecen), Ervin Berényi (University of 

Debrecen) and Miklós Emri (University of Debrecen) 

This study aims to support data controllers to measure how their curated data are safe. Using 

this method, data experts should tackle only the most problematic cases due to low noise. In 

cases with low noise content, an adversary attacker quickly figures out personal information. 

We used patients' data collected at our clinics, and the patients' year of birth was considered 

private data. The used differential privacy algorithms were from OpenDP/Smart noise. We 

estimated the year of birth of a target person at different privacy loss parameter values (epsilon) 

and several database sizes. Finally, we determined that our particular database's critical epsilon 

value is 2*10^-4 . Above this value, the attacker quickly figures out the actual year of birth of 

the target person. The Smart noise's dp algorithms guarantee the data privacy if the database 

size is less than 250 at 0.01 fixed value of epsilon. 
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Generalized Middle-Square Method 

Viktória Padányi (University of Debrecen) and Tamás Herendi (University of 

Debrecen)  

In this paper, we generalize John von Neumann's Middle-Square Method (MSM) to canonical 

number system (CNS). Additionally, we present some observations and statistical tests of the 

sequences generated by the described generators. 

Image sensor-based steering signal for a digital actuator 

system 

Árpád Pándy (University of Debrecen), László Kovács (University of Debrecen), 

Zoltán Pánti (University of Debrecen), Dávid-Gyula Kun (University of 

Debrecen), Gábor Vasváry (University of Debrecen) and András Hajdu 

(University of Debrecen)  

Autonomous driving is an emerging field of research. The related industry is one of the most 

expensive areas nowadays. The core of these complex controlling systems is the perception of 

the environment and the usage of actuators for changing supported by sensors to give obvious 

feedback about the change of state. Steering controlling is such a subsystem. In the real-sized 

modern car, there are several methods for implementing feedback loops for it, such as torque 

and angle sensors. In this paper, we concentrate on extending our model-based research and 

development autonomous vehicle platform – DAVE to be able to study the hard conditions 

safely and cost-effectively. This work presents a method about a new sensor signal integrated 

into our CAN-BUS system to give feedback about the steering movement of the wheels to a 

digital steering controller using a rear-view camera. It is the advantage of using a rear-view 

blind-spot camera is that it is already in place, and no additional hardware is needed to use it as 

a pseudo angle sensor. 



 

 

50 

 

 

Acoustic sensor with four microphones for a network used in 

monitoring 

Olimpiu Pop (Technical University of Cluj-Napoca) and Corneliu Rusu 

(Technical University of Cluj-Napoca) 

In this paper we shall present some results about the operation of an acoustic sensor previously 

proposed. Our intention for the acoustic sensor is to be used in a remote geographic monitoring 

system. The sensor consists of four microphones arranged in four directions, aligned after the 

four cardinal points. It has previously been shown that the mechanical and acoustic structure 

allows the determination of the angle of arrival of sound waves generated by a sound source 

and in some cases the identification of the sound source after a specific signal processing. We 

shall discuss the processing and storage of audio data in a cloud and estimate the operation of 

the sensor in depth in natural areas. 

Distributed Regenerative Simulation of a Speed Scaling 

Supercomputer 

Alexander Rumyantsev (Institute of Applied Mathematical Research, Karelian 

Research Centre, RAS), Ruslana Nekrasova (Institute of Applied Mathematical 

Research, Karelian Research Centre, RAS), Sergey Astafiev (Institute of Applied 

Mathematical Research, Karelian Research Centre, RAS) and Alexander 

Golovin (Institute of Applied Mathematical Research, Karelian Research 

Centre, RAS)  

In this paper we apply regenerative simulation and distributed computing to study the energy 

efficiency of a supercomputer with speed scaling. We use generalized semi-Markov processes 

to simulate the supercomputer in steady state, and perform exhaustive search of the optimal 

speed scaling policy in a small-scale heterogeneous model where the per-class amount of work 

has a heavy-tailed distribution. The preliminary simulation results are reported, which 

demonstrate the capabilities of the software packages used. 
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Machine Learning Assisted Risk Management and 

Responsible Conduct of Gambling 

Sachintha Sankalpa (Sri Lanka Institute of Information Technology)  

Managing risk in a proactive manner is the most important factor that contributes to the long-

term success of a bookmaker as well as their patrons (gamblers). Traditionally, risk 

management is done by skilled traders. But the amount of data and information that traders can 

access at any given time is limited. Machine learning assisted risk management (MLARM) 

module that has been developed in this research can classify and identifying gambling patters 

of different punters with an accuracy over 92%. It makes use of two artificial neural networks 

that are developed specifically to handle two types of data. One being betting data and the other 

being notes and comment from traders. MLARM will be a helping hand for traders in risk 

management while supporting punters combat gambling addiction. 

Artificial Intelligence in Anomaly Detection 

Gheorghe Sebestyén (Technical University of Cluj-Napoca), Anca Hangan 

(Technical University of Cluj-Napoca) and Zoltán Czakó (Technical University 

of Cluj-Napoca)  

Nowadays, more and more human activities are depending on computer-based automated 

systems. Fully automated (robotized) production lines, energy distribution infrastructures and 

other urban services or environmental surveillance systems are just some examples of cyber-

physical systems that depend entirely on automated control systems. In these cases a significant 

challenge is to identify abnormal behaviors of the supervised or controlled systems, in order to 

avoid malfunction or sometimes catastrophic events.  Our main research goal was to evaluate 

the potential of adapting and using AI techniques in the field of anomaly detection [8]. We also 

developed a platform, called AutomaticAI, which can help specialists in different domains to 

identify the best approaches to solve a given anomaly detection problem. The platform can 

select the best AI algorithm and parameter configuration for a given set of data containing 

normal and abnormal data. The tool was used successfully in a variety of domains, from cyber-

physical systems toward medical applications. 
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Course Tracking Management System 

Asif Mahmud Shuvo (Daffodil International University), Md. Ferdouse Ahmed 

Foysal (Daffodil International University), Md. Shajedul Hasan (American 

International University Bangladesh) and Fahim Ahmed Shakil (North South 

University)  

In the present context of digital transformation, education is the core to determine digitalization 

in teaching and learning. Worldwide, learning management systems are being used by 

universities and educational institutes. Besides, MIT has their courseware and other universities 

are customizing Moodle and similar products to take the advantage of the digital transformation. 

It has been found that alongside digitalization, tracking is significantly important to ensure the 

desired goal and quality aspects of the course. From this perspective, the proposed project 

"Course Tracking Management System (CTMS)" has been conceived. This intends to provide 

a secure and scalable web-based course management system based for Daffodil International 

University. The system is designed to simplify, streamline, and automate many aspects of the 

workflow associated with running a large course, such as course creation, importing course 

files, management of student attendance, online submission of assignments, assignment of 

graders, grading, handling regrade requests and preparation of final grades. This system also 

helps with a Department of a University for the quality assessment maintenance for the quality 

education with Course outline assessment section. Not only these, in this CTMS course teachers 

can scan or save the examination sheets marks for further use in future for quality checking. 

This system is very much effective for the Accreditation system for maintaining the files in a 

university in an easy way. In contrast, other course management systems of which we know of 

provide only specialized solutions for specific components, such as grading. CTMS is 

increasingly widely used as the course management system. In this paper we articulate the 

principles we followed in designing the system and describe the features that users found most 

useful for the system. 
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A Wireless Sensor-Based Multi-layer Hybrid Deep Learning 

Model for Highly Correlated Human Activity Recognition 

Qingquan Sun (California State University San Bernardino) 

Sensor based human activity recognition has obtained more attentions due to its low-cost, low-

data throughput, and immunity to environmental effects. However, traditional work in this field 

mainly focuses on the recognition of simple and small volume human activities. This work 

targets complicated, correlated and larger size of human activity recognition. In this paper, a 

multi-layer hybrid deep learning model is built with convolutional neural networks (CNN) and 

long shortterm memory (LSTM). The multi-layer structure enhances the learning and 

exploration capacity of local features and temporal dependencies, and the hybrid architecture 

enriches the diversity for data fusion. In addition, Bayesian optimization is applied to the hybrid 

model to get the optimal parameters and best performance. The experimental results 

demonstrate the effectiveness of the proposed model with a recognition rate at 89% for 27 

correlated activities. Its performance outperforms traditional machine learning and other hybrid 

deep learning models. 

Using a virtual reality headset in the simulation of the 

control room of a nuclear power plant 

Beatrix Katalin Szabó (Centre for Energy Research) 

Simulators for operator training have long been in use for nuclear power plants. These are 

traditionally full-scope simulators with an expensive physical replica of the control room. 

Recent advances in virtual reality headsets provide affordable means for presenting a 

stereoscopic view of a virtual model of the control room. While the commercially available 

headsets are still not perfect, they offer more realism than flat screens, showing a stereoscopic 

view. The paper provides some details on how a virtual reality headset has been utilized for 

viewing the virtual control room of the Paks Nuclear Power Plant, modeled with the Blender 

Game Engine, with an added autofocus feature based on a pragmatic method. Some aspects of 

the solution are outlined, and, partially based on the experiences gained in the project, current 

problems and future trends of virtual reality headsets are discussed. 
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Building microservice architecture based ensemble machine 

learning models through web services 

Máté Szabó (University of Debrecen)  

The combination of machine learning with web services is not rare, as it is a possible way to 

make the models reachable to other applications. For example a mobile or web application with 

recommendation feature can send requests to query the model’s prediction. The advantage of 

this method is that it does not require to use the same platform or programming language on the 

model and application side. This paper investigates the building of ensemble models with web 

services, in a complex microservice architecture based application. The ensemble models are 

special, because they rely on other pre-trained models, so they can act as a wrapper model. The 

advantage of this approach is that it is applicable to multiple models that are written on different 

programming languages. In this paper, we combine models from Scikit Learn, Tensorflow, 

Weka and Deeplearning4j to show how models written on different languages can work 

together. We propose two similar architecture variants involving machine learning and 

microservices to combine models from different platforms or just integrate machine learning 

into existing software. 

Testing MPT-GRE Multipath Solution in Vehicular Network 

V2I Communication 

Szabolcs Szilágyi (University of Debrecen) and László Kovács (University of 

Debrecen) 

A vehicular network is a communication system comprising of vehicles equipped with radio-

interfaces, where the endpoints are capable of exchanging data and communication between 

each other (Vehicle-to-Vehicle, V2V), as well as with another mobile network or fixed 

infrastructure (Vehicle-to-Infrastructure, V2I). The numerous applications used in vehicles 

typically require seamless and increasingly fast and reliable network connections, which poses 

a challenge for the wireless network technologies at our disposal today. MPT-GRE, developed 

at the University of Debrecen, is a multi-interface access technology, which could offer a novel 

solution to satisfy the requirements of the services used in vehicular networking applications. 

Given that MPT-GRE enables the simultaneous usage of multiple network interfaces and IP-

routes for vehicles, it promises to be an effective solution for vehicular networks. In this paper, 
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we are examining the efficiency of MPT-GRE using a self-driving car model in a dual-interface 

Wi-Fi environment. 

Relaxation of the reachability problem in Petri net 

subclasses 

Gergely Szlobodnyik (Pázmány Péter Catholic University)  

Petri nets are commonly used formal models of theoretical computer science. Distributed 

systems, parallel-and concurrent processes, asynchronous behaviors can all be represented by 

Petri nets. They can be extended with dynamical equations so that to model deterministic and 

stochastic behaviors. Petri nets gained an increasing attention in applied data mining due to its 

efficient descriptive characteristics. Compared to many widely used models of machine 

learning, Petri nets are not black box models, but easily interpretable graphical representations. 

By extracting the underlying Peri net-based graphical structure of a system, meaningful insights 

can be obtained for follow- up analysis. For example, process mining is concerned with 

reconstructing and validating Petri net representations from event logs (structured data records). 

In this presentation we adopt the authors’ quantitative results from the formal mathematical 

theory of chemical reaction networks (CRNs). CRNs with discrete state space are known to be 

equivalent to the formal model of Petri nets. This way equivalence relations can be established 

between the theoretical results obtained in each of these research fields. This presentation 

introduces new classes of Petri nets in which the generally NP-hard reachability relation can be 

decided in polynomial time. As the relaxed decision problem is proven for specific subclasses 

of Petri net structures, by validating that a Petri net is in a respective subclass, relaxed 

polynomial time decision problem can be obtained for the reachability relation. 

Sensitivity analysis of a single server finite-source retrial 

queueing system with two-way communication and 

catastrophic breakdown using simulation 

János Sztrik (University of Debrecen) and Ádám Tóth (University of Debrecen) 

In this paper, a finite-source retrial queueing system with two-way communication is 

investigated with the help of a simulation program of its own. If a randomly arriving customer 



 

 

56 

 

 

from the finite-source finds the single server idle its service starts immediately, otherwise, it 

joins an orbit from where it generates retrial/repeated calls after a random time. To increase the 

utilization of the server when it becomes idle after a random time an outgoing customer is called 

for service from an infinity source. Upon its arrival, if the server is busy, it goes to a buffer and 

when the server becomes idle again its service starts immediately. Customers arriving from the 

finite-source and orbit are referred to as primary or incoming ones while requests called from 

the infinite source are referred to as secondary or outgoing requests, respectively. The service 

times of the primary and secondary requests are supposed to be random variables having 

different distributions. However, randomly catastrophic failures may happen to all the requests 

in the system, that is from the orbit, the service unit, and the buffer. In this case, the primary 

requests return to the finite-source, and the secondary ones are lost. The operation of the system 

is restored after a random time. Until the restoration is finished no arrivals and service take 

place in the system.  All the above-mentioned times are supposed to be independent random 

variables. 

The novelty of this paper is to perform a sensitivity analysis of the failure and restoration/repair 

times on the main performance measures to illustrate the effect of different distributions having 

the same average and variance value. Our aim is to determine the distribution of the number of 

requests in the system, the average response time of an arbitrary primary customer without 

successful service, also the average response time of an arbitrary and successfully served 

primary customer, the total utilization of the service unit, or the probability that a primary 

customer leaves the system without successful service because of a catastrophic event. Results 

are illustrated graphically obtained by our simulation program. 

Anomaly Detection Using Hybrid Learning for Industrial 

IoT 

Atallo Takele (Budapest University of Technology and Economics) and Balázs 

Villányi (Budapest University of Technology and Economics)  

The industrial internet of things (IIoT) uses smart sensors and actuators to enhance 

manufacturing and industrial processes. However, it is hampered due to the energy efficient 

requirements in operation, real-time performance requirements in dynamic environments and 

maintaining security of applications. Security is a serious issue nowadays and mostly caused 

by abnormal traffic of some nodes. For detecting those abnormalities there are two basic 
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machine learning approaches namely Federated and Centralized Learning. Centralized 

Learning has better performance but it has a privacy issue since edge devices send data to the 

server. On the other hand Federate Learning obviates the privacy issues but it has less 

performance due to the resource limitation of the edge devices. In this paper a typical hybrid 

learning based anomaly detection framework has been proposed in which edge devices 

undertake Federated Learning with a limited number of dataset and the edge server will use the 

periodically collected aggregated data from the edge devices. For security reasons the edge 

devices share their data after a certain period of time when the time value of the data has 

declined. We have used Long Short Term Memory (LSTM) Autoencoders with two different 

datasets (a smaller for edge devices and a larger for the edge server) for demonstration. The 

experimental result shows  that  the size of the dataset affects the predicting performance and  

resource utilization in an anomaly detection model. 

Neural Network-Based Analysis of Terahertz Frequency 

Signal Propagation for B5G/6G Wireless Networks 

Djamila Talbi (University of Debrecen), Mohamed Amine Korteby (University 

of Debrecen) and Zoltán Gál (University of Debrecen) 

Pico-cell based very high-speed wireless technologies require new medium access control 

mechanisms to provide top efficiency in the control plane.  Beyond 5G and 6G wireless services 

are studied currently with synthetic data generated with special simulators. In this paper we 

used NS3 TeraSim tool to evaluate upload communication cases from mobile terminals to 

unique base station in different population and topology scenarios during 10 ms simulated time 

interval. Fractal based wavelet analysis is used to extract features of channel access in different 

simulation cases and classify them with recurrent neural network. The methodology utilized 

performs stable and unstable phases of the new IEEE pre-standard mechanism called Adaptive 

Directional Antenna Protocol for THz. 
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Joint Transmission Coordinated Multipoint on Mobile Users 

in 5G Heterogeneous Network 

Tahmina Khanom Tandra (Islamic University of Technology), Fehima Tajrian 

(Islamic University of Technology), Afia Hossain (Islamic University of 

Technology), Mohammad Tawhid Kawsar (Islamic University of Technology), 

Mohammad Rubbyat Akram (Robi Axiata Ltd.) and Abdullah Bin Shams 

(University of Toronto)  

To broaden user experience and support a wide range of bandwidth hungry devices cellular 

operators are adopting 5G network. However, the predominance of Inter-Cell Interference (ICI) 

in 5G stands as a hurdle for cell edge UEs. With increase in UE velocity, the effect of Doppler 

shift becomes more prominent, resulting in a significant drop in cell edge and mean data rates. 

A potential solution to improve the network service quality in the cell edge and reduce the 

impact of ICI for mobile users is to provide the UE with the best signal quality through 

coordination among multiple eNodeBs (eNB) located in different cell sites i.e., by virtually 

forming a massive antenna array with the coordinated eNB, a technique popularly known as 

Joint Transmission Coordinated Multipoint (JT CoMP). This paper investigates the 

performance of JT CoMP based heterogeneous network (HetNet) for UEs at different velocities 

while closed loop spatial multiplexing (CLSM) is active. With the inclusion of CLSM in JT 

CoMP, the obtained momentary channel state information can be utilized by coordinated eNBs 

for appropriate network gain enhancement. The simulation results demonstrate significant 

improvement in mean throughput and cell edge throughput for a CoMP based HetNet compared 

to a non-CoMP based HetNet with respect to UE velocity. The effectiveness of CLSM is found 

to degrade as UE velocity increases which is expected due to poor feedback capabilities of high 

velocity UEs. In contrast, simulation results show that the CLSM integrated inter-site based JT 

CoMP network provides improved reception for high velocity, while the intrasite-based CoMP 

network delivers better service at lower velocities. 
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Multi-modal E-Commerce Product Classification Using 

Hierarchical Fusion 

Tsegaye Misikir Tashu (Eötvös Loránd University), Sara Fattouh (Eötvös 

Loránd University), Kiss Péter (Eötvös Loránd University) and Tomáš Horváth 

(Eötvös Loránd University)  

In this work, we present a multi-modal model for commercial product classification, that 

combines features extracted by multiple neural network models from textual (CamemBERT 

and FlauBERT) and visual data (SE-ResNeXt-50), using simple fusion techniques.  The 

proposed method significantly outperformed the performance of the unimodal models, as well 

as the reported performance of similar models on our specific task. We made experiments with 

multiple fusing techniques, and found, that the best preforming technique to combine the 

individual embedding of the unimodal network is based on the combination of concatenation 

and averaging the feature vectors. Each modality complemented the shortcomings of the other 

modalities, demonstrating that increasing the number of modalities can be an effective method 

for improving the performance of multi-label and multimodal classification problems. 

Multimodal Feature Extraction for Memes Sentiment 

Classification 

Tsegaye Misikir Tashu (Eötvös Loránd University), Sofiane Ouaari (Eötvös 

Loránd University) and Tomáš Horváth (Eötvös Loránd University)  

In this study, we proposed feature extraction for multimodal meme sentiment classification 

using Deep Learning based approaches. A meme is usually a photo or video with text that is 

widely shared by the young generation on social media platforms and expresses a culturally 

relevant idea. As they become an efficient way to express emotions and feelings, a good 

classifier that can classify the sentiment behind the meme is important. To make the learning 

process more efficient, reduce the likelihood of overfitting, and improve the generalizability of 

the model, one needs a good joint feature extraction approach from all modalities. In this work, 

we proposed to use different multimodal neural network approaches for multimodal feature 

extraction and use the extracted features to train a classifier to identify the sentiment in a meme. 
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Testing the rank of Gaussian subordinated bilinear systems 

György Terdik (University of Debrecen) and József Bokor (Computer and 

Automation Research Institute, Hungarian Academy of Sciences)  

Nonlinear stochastic system subordinated to Gaussian i.i.d. series is studied. The Hankel matrix 

of the system is built up in terms of the Fliess-series representation of the process. Assuming 

bilinearity we use the stochastic input for estimating and testing the rank of the system. The 

asymptotic distribution of the skewness of estimated singular values is applied. 

Simulation of a finite-source retrial queueing system with 

two-way communication, catastrophic breakdown and 

impatient customers 

Ádám Tóth (University of Debrecen) and János Sztrik (University of Debrecen)  

An M/M/1//N  retrial queueing system with two-way communication to the infinite source and 

impatient customers in the orbit is considered in the paper. There is a finite source in which the 

primary or regular customers are coming, while requests from the infinite source are the 

secondary customers.  Because of not having waiting queues, the service of an arriving, primary  

customer begins immediately. Otherwise, in the case of a busy server, the primary customers 

are forwarded to the orbit waiting  an exponentially distributed random time  to try to reach the 

service unit. When the service unit is in an idle state, it may call a customer from the infinite 

source for service.  All requests possess an impatience property resulting in an earlier departure 

from the system through the orbit if they wait too much for being served. Besides, the service 

unit is supposed to break down according to several distributions which have a specialty 

removing all the customers located in the system. In the case of a faulty state, blocking is applied 

not allowing the customers into the system until the service unit fully recovers. This work 

concentrates on examining the effect of those distributions on several performance measures 

like the distribution of the number of customers in the system, the probability of a primary 

customer departing because of catastrophe. The obtained results are graphically realized to 

show the differences and curiosities among the used parameter settings of the various 

distributions. 
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Articulatory Data of Audiovisual Records of Speech 

Connected by Machine Learning 

Réka Trencsényi (University of Debrecen) and László Czap (University of 

Miskolc)  

The center of attraction of the present study is the application of neural networks for combining 

data arising from dynamic audiovisual sources made by ultrasound and magnetic resonance 

imaging methods, which store image and sound signals recorded during human speech. The 

objectives of machine learning are tongue contours fitted to the frames of the audiovisual 

packages by automatic contour tracking algorithms. 

3D Localization and Data Quality Estimation with 

Marvelmind 

Máté Vágner (University of Debrecen), Dénes Palkovics (University of 

Debrecen) and László Kovács (University of Debrecen)  

Localization and position estimation are crucial tasks in autonomous driving. In addition to the 

importance of positioning, with good quality position tracking, it is possible to implement 

sophisticated data collection procedures and use advanced machine learning methods such as 

reinforced learning. Global navigation satellite systems offer very accurate positioning, but 

their use is cumbersome or impossible under certain laboratory conditions. In our work, we 

applied an indoor positioning system, that is integrated into our 1:16 self-driving car. 

Towards an in-network GPU-accelerated packet processing 

framework 

Péter Vörös (Eötvös Loránd University), Dávid Kis (Eötvös Loránd University), 

Péter Hudoba (Eötvös Loránd University), Gergely Pongrácz (Ericsson 

research) and Sándor Laki (Eötvös Loránd University)  

Software-defined networking and data-plane programmability have opened up the possibilities 

for switches to be used for novel applications that are different than simple packet forwarding. 

Various tasks from low-level robot control to signal and data processing can be offloaded to 

network devices. In the past years, solutions exploiting programmable switching ASIC, FPGA 
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or the combination of both have emerged.  In this paper, we propose a GPU-accelerated switch 

design for supporting payload processing tasks in the network. The proposed design combines 

the processing capabilities of GPUs and the kernel-bypass library DPDK. We define different 

image processing use cases that can benefit from in-network computing, allowing execution 

without the need for an external server. The proposed method cannot only make the overall 

system performance better, but also reduce the power consumption since it requires less 

hardware elements. We evaluate and compare three models: Traditional external server with 

GPU in the local network, DPDK accelerated version of the previous model and the proposed 

GPU-accelerated in-network computing switch model. We investigate several benchmarks 

including both component-level and system-wide analysis. The examined use cases are related 

to video stream processing tasks like box blurring, Gaussian blurring and edge detection, 

demonstrating the performance improvement of our proposed design. 

Dry beans classification using Gradient Booster Tree 

algorithm 

Gopi Manoj Vuyyuru (Technological University of the Shannon: Midlands 

Midwest) and Kaza Roopa Thanmai (Technological University of the Shannon: 

Midlands Midwest)  

Dry beans are among the most widely grown edible legume crop in the world, with a wide 

variety of genetic variability. The quality of crop production, on the other hand, is influenced 

by seed quality. As a result, seed classification is crucial for both marketing and production to 

ensure that farming practices are sustainable. The main goal of this research is to come up with 

a way to get uniform seed types from population-based agricultural production. For seed 

classification, authors have chosen a dataset with 13,611 records of 7 grains with 17 attributes 

published by Murat Kokul in the UCI Machine Learning Repository [1]. The authors employed 

classification methods such as Naive Bayes, Decision Tree, Random Forest, and Gradient 

Booster Tree to categorize seeds into different categories. Gradient Booster Tree from the 

"Smile Package" had the highest accuracy of 94.09 percent, followed by the traditional Gradient 

Booster Tree with 94.01 percent. The "Smile package's" Gradient Booster Tree classified the 

Barbunya, Bombay, Cali, Dermason, Horoz, Seker, and Sira bean types with 94.70 percent, 

100.00 percent, 96.21 percent, 94.34 percent, 96.77 percent, 94.50 percent, and 88.79 percent, 

respectively. 
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A serious game application for testing auditory memory 

capabilities 

György Wersényi (Széchenyi István University)  

A serious game application for the Android mobile platform has been developed for testing the 

short-term auditory memory (working memory). Participants play the well-known game of 

finding pairs by flipping cards and remembering objects arranged in a 2D matrix structure using 

different resolutions. Visual objects were replaced by auditory events. First results indicate that 

familiar iconic sounds such as speech samples and everyday sounds can be recalled better than 

unfamiliar artificial sounds (measurement signals). Avoiding similarity among sounds in 

spectrum or frequency is the key for an optimum performance. Although gender or gaming 

experience did not influence the results, training sessions (of about 6-8 gameplays) contribute 

to getting better and reach the optimum performance of individuals. 

Auditory and Haptic Solutions for Access and Feedback in 

Internet of Digital Reality Applications 

György Wersényi (Széchenyi István University) and Ádám Csapó (Széchenyi 

István University)  

The concept of Internet of Digital Reality (IoD) was introduced as the next level organization 

of cognitive entities following the concept of the Internet of Things (IoT) and Internet of 

Everything (IoE). As the virtual-immersive environment is a fundamental part of IoD where 

human and non-human entities interact, the ability to access devices and communication 

modalities plays a significant role. This paper briefly presents the concept of IoD together with 

the different I/O solutions for human users, with a focus on research directions and (re)emerging 

technologies in the near future. 
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A Survey of Personalized and Incentive Mechanisms for 

Federated Learning 

Yuping Yan (Eötvös Loránd University) and Péter Ligeti (Eötvös Loránd 

University and Alfréd Rényi Institute of Mathematics)  

Federated learning (FL) provides a higher privacy guarantee for data sharing in a multi-party 

computation environment. However, how to invite participants to federated training if they 

already have a self-sanitized dataset? What is more, FL can not be directly applied to Non-IID 

data, and the global model can not meet the different feature requirements of clients. 

Personalized and incentive mechanisms are very necessary to build a good learning 

environment for FL. However, there has been little discussion about personalized and incentive 

mechanisms schemes so far, while more attention is focused on the optimization, efficiency and 

effectiveness improvement, and security aspects. Thus, in this paper, we make a review of 

personalized and incentive mechanisms of federated learning with different techniques. 

Performance investigation of reverse balking and reneging 

in cognitive radio networks using simulation 

Mohamed Hedi Zaghouani (University of Debrecen), Hamza Nemouchi 

(University of Debrecen) and János Sztrik (University of Debrecen).  

This article investigates the concepts of reverse balking and reneging, which are applied on a 

Cognitive Radio Network. Reverse balking states that the probabilistic decision of joining a 

queue by a new customer relies on the system’s busyness. The more occupied the system is, the 

more the probability of entering the system. On the other hand, users may become impatient 

and leave the system due to a long waiting time without receiving service (called reneging) and 

vice versa. The key performance measures of our system are illustrated graphically obtained by 

a simulation program. 
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Abstract—Among the possible tools for modelling epidemic
spread, we are interested in random structures capturing the
clusters of social networks: we use multilayer graphs, consisting
of smaller or larger cliques of complete graphs with different
weights. To start with, every household can be considered as such
a clique, but classes at school, workplaces can also be represented
by such cliques, with their members chosen randomly from
different households. We present computer simulations providing
information about the role of different weights, comparison
with differential equation methods, and related questions about
parameter estimation in such a model.

Index Terms—epidemic spread, SIR model, random graphs,
multilayer graphs

I. INTRODUCTION

As the coronavirus (Covid-19) pandemic showed, the math-
ematical modelling of epidemic spread is an area of research
which can be useful in forecasting or comparing the effects
and costs of different restrictions. Random graphs can capture
the inhomogenity of the social connections, which can be
crucial in modelling [3]: it can be very important when and
how the people with most connections get infected, as they
can transmit the disease to many contacts, which can make
the epidemic increase very quickly. On the other hand, it is
not only the degree distribution of the random graph which
matters, as we can see that there are many smaller or larger
cliques or very dense groups, such as households, classes
at schools, workplaces, with the same people meeting each
other every day under very similar circumstances. Multilayer
random graphs [2] are designed to model the role of these
communities, as they consist of cliques of different weights.
Of course, there are many ways to build such a network, and
parameter estimation is a crucial question; however, before we
examine such problems, it is very useful to understand how
these models behave when we run a simple, SIR (susceptible–
infected–recovered) model. That is, we can ask which layers
have the most important effect on the spread of the epidemic,
and, if we want to slow down the process, on which layers is
it worth focusing on.

II. A FOUR-LEVEL MODEL AND ITS COMPARISON WITH
DIFFERENTIAL EQUATIONS

To start with, we imagined a smaller city, and considered a
model consisting of the following levels:

• households;
• spatial structure of the households
• schools, consisting of classes;

• workplaces;
• community places (shopping or medical centers) – such

that people living close to each other typically go to the
same community places.

Each level was formed as a disjoint union of complete
graphs, with these cliques chosen randomly (the households
served as a base, without any randomization). However, the
weights of the edges were different in the different levels:
connections within a household are much stronger than con-
nections in a medical center for example. Furthermore, the
population was divided into three age-groups, this is how we
could model that typically the members of the same household
go to different communities, and the infection can spread from
a school to a household, from there to a workplace, from there
to another household and school, and so on.

Once we obtained this weighted graph, we used a standard
SIR model to model epidemic spread. We examined various
parameter setups, to see the effect of changing one parameter
or the other (for example, infection parameter at workplaces,
size of school classes), and compared the results with the
epidemic curves obtained from a differential equation model.

In the talk we summarize these results, together with
possible approaches to parameter estimation.

III. CONCLUSIONS

Our studies showed that such random graph models can
have a significantly different behavior compared to the cor-
responding differential equation models: the epidemic curve
goes up more quickly, and the total number of infected individ-
uals is also larger. We also found that in some cases separating
the different classes can be quite effective in reducing the
number of infections, even if the sizes of the classes are
not that small. However, various questions about parameter
estimation remain open; these will also be discussed in the
talk.

The talk is based on joint work with Edit Bognár, István Z.
Kiss and Péter L. Simon.
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Abstract—The lens flare phenomenon is created by the in-
terreflections suffered by the light rays while traveling through
an optical system. Various methods are available for simulating
lens flare ranging from simple and efficient algorithms with
lower accuracy to complex and costly, but physically based and
thus more accurate ones. This work demonstrates a method for
improving the computation time of the physically-based lens flare
rendering method using ray-tracing.

Index Terms—lens flare, rendering, camera, tiled, optical
system, ray-tracing

I. INTRODUCTION

The formation of the lens flare phenomenon is arising from
the unexpected passing of some light rays through the optical
system. In the course of light traversal, reflections between
optical elements are likely to happen. Those light rays that
suffer an even number of interreflections comprise the part of
the lens flare effect that is often referred to as ghosts.

Solutions with essentially distinctive characteristics have
been proposed for reproducing the flares. On one hand,
simple and therefore efficient methods are available [1] re-
sulting in lower output accuracy and dynamics. However, the
physically-based lens flare rendering–involving ray-tracing–
methods brings significant improvements to the result accu-
racy, at the cost of being more computationally intensive [2].

Recently, tile-based approaches have been shown to produce
favourable outcomes when combined with various computer
graphics tasks. Examples of such approaches include shading
[3], [4], depth of field rendering [5], particle rendering [6],
and simulation of human visual aberrations [7].

This work proposes a solution for overcoming the shortcom-
ings of the ray-tracing method. To achieve this goal, a novel,
tile-based ghost rendering approach is used, which leads to
significant improvements with respect to the total rendering
time. Furthermore, the proposed new method facilitates the
simulation of lens flare for a highly complex optical system
with a large number of ghosts, which is a problematic scenario
for the currently existing algorithm.

II. LENS FLARE RENDERING USING RAY-TRACING

Methods intending to reproduce lens flares in a physically
correct manner are often built on the idea of tracing light rays
through the optical system [2]. Although ray-tracing offers a
high level of accuracy of the output, it usually comes with low
runtime efficiency due to a large number of rays.

As it can be seen in Figure 1, when a light ray travels
through the optical system, it can suffer several reflections and
refractions at different optical elements. To reach the sensor,
a ray is required to undergo an even number of reflections.

Fig. 1. Two ray paths with two interreflections resulting in a ghost.

In [2], Hullin et al. proposed a solution for overcoming
the high computation costs for the ray-tracing. Since a large
portion of the rays fails to have a role in the creation of
the flares by not reaching the sensor, the authors suggest the
reduction of the full set of rays to a sparse ray grid. The
final flare object then takes the form of a triangulated surface,
where the data from the interior of a triangle is estimated by
interpolation.

The corresponding rendering time highly depends on the
properties and size of the optical system. With the increase
of the system size comes the growth of the ghost set and the
runtime. Also, ghosts with complex shapes often require an
increased density of the emitted and traced ray grid. In such
cases, the evaluation of the potentially increased ray grid for
a high number of ghosts can be challenging even for modern
graphical processing units.

Fig. 2. Example lens flare renderings for two complex optical systems.



III. PROPOSED TILE-BASED APPROACH

As the optical system gets more complex, the number of
ghosts is increased heavily, and consequently, the amount of
drawing. However, usually, a significant portion of the ghosts
is overlapping, leading to a significant overdraw. The goal was
the reduction of the required amount of draw operations using
these overlaps.

Therefore, a tile grid is created with fixed tile sizes. The
tiles are then used to bundle the overlapping parts of the ghosts
together by the tile-ghost intersections.

Instead of iterating through the ghosts and displaying them
pixel-by-pixel, the final color of each of the pixels is obtained
by aggregating the color data for every ghost having that pixel.
The ghosts for the aggregation can be selected based on the
tiles.
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I. INTRODUCTION

People have been curiously looking for the solution tech-
niques of the Rubik’s Cube for decades and continuously using
the support of the computers for this purpose [1]–[3]. There are
many phases in this human-computer interaction, starting with
the first steps, where players use a computer for getting their
introductions about the Rubik’s Cube, continuing with a long-
term study period [4], [5]. Once the user becomes a confident
player of this puzzle, the computer also provides opportunities
for more explorations about the Rubik’s Cube, including a
deeper understanding of its mathematical background and the
analysis of many different solution techniques [6], [7].

Whether it is starting to learn the Rubik’s Cube or an
advanced analysis of the puzzle, graphical representations pro-
vide many different viewpoints to get the required information
for the player about the puzzle for a better understanding.
However, we notice that this process is not adequately bal-
anced. In the early learning steps, we can encounter more
graphical guidances, while the deeper examination with few
exceptions but supported without visual information or hard
to interpret without advanced scientific knowledge.

II. CONTENT OF THE PRESENTATION

In this talk, we go through these graphical representations,
including the most common visual appearances of the puzzle,
like spatial models on the computer screen and unfolded
nets of the Rubik’s Cube, focusing on the advantages and
disadvantages of these representations [8], [9].

We cover the role of conventional symbol sets [10] related
to the communication about the Rubik’s Cube, including the
Singmaster notation [11] and mathematical terminologies, like
the two-line permutation notation or its compact form called
the cycle notation [12], [13].

For a more scientific investigation of the puzzle, we present
the current visualization techniques supporting players in
learning [4] and analyzing solution algorithms [14]. We also
focus on the related mathematical visualization concepts,
including Cayley graphs and graph algorithms reflecting the
symmetric nature of the puzzle [13], [15].

Fig. 1. The visualization of a small subset of 2 × 2 × 2 Rubik’s Cube
permutations using node-link diagram. Figures like this can help us examine
and present the mathematical background of the puzzle.

After a theoretical review of the related research fields, our
presentation covers our implementations: the details of our
2×2×2 Rubik’s Cube data set for visualizations, as well as
the graphical tools which we used during these experiments.
Finally, we demonstrate our created visualizations to support
the players for a better computer-aided puzzle analysis.
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Abstract—A continuous-time network evolution model is stud-
ied. The main ingredients of our network are the teams. Any
team is represented as a clique of sizes 1, 2, . . . , N , where N is
an arbitrarily large fixed number. The evolution of the cliques
is governed by a multi-type continuous-time branching process.
Theoretical and empirical results on the asymptotic behavior of
the model are given.

Index Terms—Network evolution, multi-type branching pro-
cess, continuous-time branching process, Malthusian parameter,
Poisson process

I. THE MODEL

In this work we generalize our previous network evolution
model studied in [1]. The main ingredients of our network are
the teams. Any team is represented as a clique, i.e. a non-
directed graph having n vertices so that any two vertices are
connected with one edge. The size of a clique is the number of
its vertices. In our model, there are cliques of sizes 1, 2, . . . , N ,
where N is an arbitrarily large but fixed number. In [1] the
basic units were edges and triangles, therefore the case N = 3
covers that concept. The evolution of the network starts with
one clique having size n. It can be considered as the ancestor.
The ancestor has its own Poisson process which gives the
reproduction times for the ancestor. When this Poisson process
jumps, then a new member, that is a new vertex joins to the
ancestor. The new vertex and some vertices of the ancestor
create a new clique having size 1, 2, . . . , or n + 1, but not
larger than N . This new clique can be considered as a child
of the ancestor. The children of the ancestor start their own
reproduction processes. Then their children also start their
reproduction, etc. We can see that the the evolution of the
network can be described by a multi-type branching process so
that the individuals of the branching process are the cliques. In
our model, the life length of a clique depends on the number
of its children. This dependence was introduced in [2] with
only edges and in [3] with only triangles participating in the
models. An example of a graph evolution model at an early
stage of its reproduction process can be seen in Fig. 1. We can

apply known limit theorems to find the asymptotic behaviour
of the number of cliques.

Fig. 1. Example of the graph evolution model

II. SIMULATION

We provide some empirical results for our asymptotic
theorems. We apply simple linear regression on the simulated
data to prove the significance of our theoretical magnitude.
A more detailed explanation of how we simulate branching
processes can be found in [4].
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Abstract—In this presentation, we will review the results
related to surgeries of Gieseking Manifold using Computer
Figures in C∞ for Hyperbolic Space H3.

The famous Gieseking ideal simplex manifold and the other 3
double-simplex manifolds (see [1]), found also by I. Prok with
his computer program [18], can be described in Poincaré half-
space model of H3 and by the complex projective line C∞. The
Dehn type surgery leads to compact manifolds and cone manifolds
(especially orbifolds) through complex 2 × 2 matrix algebra and
attractive pictures. In our Novi Sad conference paper (1999, [12])
we described Dehn type surgeries of the famous Gieseking (1912)
hyperbolic ideal simplex manifold S, leading to compact fundamental
domain S(k), k = 2, 3, . . . with singularity geodesics of rotation
order k, but as later turned out with cone angle 2π(k − 1)/k. We
also computed the volume of S(k), tending to zero if k goes to
infinity. That time we naively thought that we obtained orbifolds
with the above surprising property. As the reviewer of Math. Rev.,
Kevin P. Scannell (MR1770996 (2001g:57030)) rightly remarked,
“this is in conflict with the well-known theorem of D. A. Kazhdan
and G. A. Margulis (1968) [2] and with the work of W. P. Thurston,
describing the geometric convergence of orbifolds under large Dehn
fillings”. In our papers [15] and [16] we have updated and extended
our previous publications [12] and [13]. Correctly, we have obtained
cone manifolds (for k > 2), as A. D. Mednykh and V. S. Petrov
(2006) kindly pointed out. We completed our discussion and derived
the above cone manifold series (Gies.1 and Gies.2) by computer
figures as well – in two geometrically equivalent form, by the half
turn symmetry of any ideal simplex.

Moreover, we obtained a second orbifold series (Gies.3 and 4),
tending to the regular ideal simplex as the original Gieseking mani-
fold. We have already extended this method onto the 3 ideal double-
simplex manifolds in our newer publication [16], being indicated in
this presentation as well. Our computer figures on C∞ (the complex
number plane) play important roles in exploring the exact situations.
We can see more related results in [3], [5], [8]–[11], [14], [17], [19]–
[21].

Index Terms—Hyperbolic manifold and cone manifold by
fundamental polyhedron, Gieseking manifold and its analogue,
Dehn type surgery, volume by Lobachevsky function

REFERENCES

[1] C. Adams, Volumes of n-cusped hyperbolic 3-manifolds, J. London
Math. Soc. (2) 38 (1988), 555–565.

[2] D. A. Kazhdan, G. A. Margulis, A proof of Selberg’s hypothesis,
Mat.Sb. (N.S.), 75/117 (1968), 163–168, (Russian).

[3] T. H. Marshall, G. J. Martin, Minimal co-volume hyperbolic lattices,
II: Simple torsion in a Kleinian group, Annals of Mathematics, 176
(2012), 261–301.

[4] A. T. Fomenko, S. V. Matveev, Isoenergetic surfaces of Hamiltonian
systems, account of three-dimensional manifolds in order of their com-
plexity and computation of volumes of closed hyperbolic manifolds,
Uspehi mat. nauk, 43 (1988), 5–22, (Russian).

[5] A. D. Mednykh, Volumes of two-bridge cone manifolds in spaces of
constant curvature, Transformation groups, to appear (2020).

[6] A. Cavicchioli, E. Molnár, A. I. Telloni, Some hyperbolic space forms
with few generated fundamental groups, J. Korean Math. Soc. 50 (2)
(2013), 425–444.

[7] J. Francis, Three-manifolds obtainable from two and three tetrahedra
William College, Master Thesis, 1987.

[8] E. Molnár, On isometries of space forms, Colloquia Math. Soc. János
Bolyai 56. Differential Geometry and Its Applications, Eger, (Hungary),
1989 North–Holland Co. Amsterdam–Oxford–New York, (1992), 509–
534.

[9] E. Molnár, Polyhedron complexes with simply transitive group actions
and their realizations, Acta Math. Hung. 59(1-2) (1992), 175–216.

[10] E. Molnár, Discontinuous groups in homogeneous Riemannian spaces
by classification of D-symbols, Publ. Math. Debrecen. 49/3-4 (1996),
265–294.

[11] E. Molnár, The projective interpretation of the eight 3-dimensional
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Abstract— This study aims to support data controllers to 
measure how their curated data are safe. Using this method, 
data experts should tackle only the most problematic cases 
due to low noise. In cases with low noise content, an adversary 
attacker quickly figures out personal information. We used 
patients' data collected at our clinics, and the patients' year of 
birth was considered private data. The used differential 
privacy algorithms were from OpenDP/Smart noise. We 
estimated the year of birth of a target person at different 
privacy loss parameter values (epsilon) and several database 
sizes. Finally, we determined that our particular database's 
critical epsilon value is 2*10-4. Above this value, the attacker 
quickly figures out the actual year of birth of the target 
person. The Smart noise's dp algorithms guarantee the data 
privacy if the database size is less than 250 at 0.01 fixed value 
of epsilon. 

Keywords—differential privacy, opendp, smart noise, data 
democracy, anonymization 

I. INTRODUCTION  

The purpose of the data protection rules, regulations is 
to allow the patients to authorize and verify the usage of 
personal data generated during the treatment, related to the 
usage of medical assets in the patient care activities of the 
clinical centres, laying down the conditions and modes for 
the data use and transfer. The healthcare system as data 
controller makes it possible the generated data can be 
known and processed by data processors like statisticians or 
scientific researchers and makes the rules for the usage and 
sharing of revenues from its exploitation. To achieve this 
aim, the patients' personalities need to be hidden, and the 
features of the population must be revealed through 
statistics, promoting and supporting scientific research. 

 The data publication must be carried out [1] lawfully 
and fairly and in a manner that is transparent to the patient 
(transparency). Personal data may be collected for well-
defined and legitimate purposes and may not be processed, 
transferred in a way incompatible with those purposes 
(purpose limitation). Data gathering should be limited to the 
required amount (data minimization). The collected data 
must be accurate, and any errors must be corrected 
(accuracy). Identification based on personal data is only 
possible until data processing is achieved. Personal data 
may be stored for a more extended period only for scientific 
research or statistics, subject to the protection of the rights 
of data subjects (storage limitation). Personal data must be 
processed to ensure that they are protected against 
unauthorized, unlawful use (integrity and confidentiality). 
The data controller is responsible for compliance with the 
former and needs to prove this compliance too 

(accountability). These common data processing principles 
must be used in any patient-related data collection process 
prospectively or retrospectively. 

In any anonymization [2], the risk factor for 
reidentifiability of a person should be assessed, and the 
same should be done for already anonymized data. 
Identification means not only that a person’s name or 
address can be retrieved, but also includes identification by 
selection, linkability, and inference. There is no one-size-
fits-all solution for anonymization, so the most appropriate 
technique should be used in each case. Such cases include 
1.) the nature and type of personal data we intend to 
anonymize; different anonymization techniques may be 
appropriate for different types of data and circumstances. 2.) 
risk management methods used in addition to 
anonymization techniques (e.g. controls to protect 
anonymized data). 3.) the purpose and manner of use of 
anonymized data. With proper anonymization, the data 
should not be recognized by those involved. An effective 
anonymization technique prevents the selection of patients 
or inferring additional information from a database by 
linking records within a database (or from two separate 
databases). Removing directly identifiable elements alone is 
not sufficient to ensure that patients can no longer be 
identified.  

In the late 1990s, [3] anonymized health insurance data 
for Massachusetts state workers was made available to 
researchers, which included all hospital visits. The aim 
would have been to improve control over healthcare and 
healthcare costs. Massachusetts Governor has assured the 
public that personal information is safe. The name, address, 
social security number, and other identifying information 
were deleted before releasing the database. A researcher 
began identifying the governor’s data, using demographic 
data: zip code, date of birth, gender from a voter registration 
database. After finding the only match record, he received 
the governor’s medical records. 

 
Fig.1. The statistical fluctuation of the estimated year of birth. 



II. PURPOSE 

The process of anonymization, regardless of the 
techniques used, reduces the original information content of 
the data set. Accordingly, increasing the degree of 
anonymization reduces the data set's usability (e.g., 
accuracy). We choose one from popular differential privacy 
libraries and anonymize the available patient database. Our 
main objective is to simulate a possible attacker and 
measure his/her activity by recovering secure personal data. 

III. MATERIALS AND METHODS 

A. Patients’ medical records 

We used a database of medical records for 12,200 
patients, which included the year of birth, gender, social 
security number, zip code, nationality, and more. 

B. Differential privacy algorithms 

We chose the OpenDP-based Smart Noise [4] open-
source software library as a possible implementation of 
differentially private algorithms. 

In our study, we made the year of birth of patients 
available to a potential attacker using the differential 
privacy functions of OpenDP/Smart noise. Years of birth 
were in the range of 1955, 1965. Furthermore, we assumed 
that the attacker knew the database size. Moreover, the 
attacker thinks he/she can better approximate the year of the 
target person's birth by updating the mean value of the 
population's year of birth, known from the former query, 
clamping it in the range of [1959,1961]. This is a rather 
unlikely scenario to simulate the worst case. Using this 
background, an attacker could estimate the target person's 
private data by performing continuous database queries. The 
calculation used to estimate the year of birth was: 

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑_𝑚𝑒𝑎𝑛 ∗  𝑛𝑟_𝑜𝑓_𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 −  𝑘𝑛𝑜𝑤𝑛_𝑚𝑒𝑎𝑛 
∗  (𝑛𝑟_𝑜𝑓_𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 −  1) 

 The attacker would get aggregate function values that 
were constantly biased with noise during queries; this is 
what differential privacy libraries implement (see Fig.1). In 
this scenario, we did not assume that the attacker uses a 
finite value budget, limiting the number of queries. Fig. 1 
shows the statistical fluctuation of the estimated year of 
birth by the attacker's queries; the privacy loss parameter 
(epsilon) value was 1.  

IV. RESULTS 

 We examined how the attacker can estimate the year of 
birth as a function of the privacy loss parameter. We 
performed 100 measurements at each epsilon value and 
calculated student-t statistics. The target person's year of 

birth, securely stored by the data controller, was subtracted 
from the mean of the estimated values calculated by the 
attacker and divided by the sample's standard deviation. The 
degree of freedom was 99, and we set the significance level 
to 95%. We transformed student-t statistics by –log(p-value) 
function to determine the critical value of epsilon. If the 
transformed student-t values were higher than 3 
(transformed value of 1.65, corresponds to the 5% p-value), 
then the difference between the attacker's estimation and the 
actual value of the year of the birth of the target person is 
significant. Fig. 2 displays the p-values on the second y-axis 
on the logarithmic scale, too; if this value is less than 5%, 
the difference is significant between the estimation and 
actual values of the year of birth. 

Another critical parameter when examining privacy is 
the size of the database used (see Fig. 3). The smaller the 
database, the easier it is to obtain personal information (rare 
cases make a larger contribution to the aggregated values). 
In this case, the noise added by differential privacy 
algorithms is higher; the transformed value of student-t 
statistics must be over 3, as shown in Fig. 3 (see blue curve). 
Moreover, vice versa, the p-value must be lower than 5% 
(see green curve).  

The vertical red lines indicate the critical value of 
epsilon and the number of records of the database. If the 
value of epsilon is below the red line, the data have enough 
noise, and the same is true for the number of records of the 
database. 

V. CONCLUSION 

We aimed to develop a method characterizing any 
differential privacy algorithm-generated noise. We 
assumed an attacker with almost every information about 
the database but one person. We, as the data controller 
knowing the actual value of the unknown target person’s 
year of birth, calculated the student-t statistics from the 
attacker’s measurements, and by setting the significance 
level to 5%, we quickly determined critical values of the 
privacy loss parameter (2*10-4) and the number of records 
in the database (250). 
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Fig.2. The log transformed p-values of Student-t statistics vs epsilon. 
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I. ABSTRACT

Petri nets are commonly used formal models of theoretical
computer science. Distributed systems, parallel-and concurrent
processes, asynchronous behaviors can all be represented by
Petri nets. They can be extended with dynamical equations so
that to model deterministic and stochastic behaviors. Petri nets
gained an increasing attention in applied data mining due to its
efficient descriptive characteristics. Compared to many widely
used models of machine learning, Petri nets are not black box
models, but easily interpretable graphical representations. By
extracting the underlying Peri net-based graphical structure
of a system, meaningful insights can be obtained for follow-
up analysis. For example, process mining is concerned with
reconstructing and validating Petri net representations from
event logs (structured data records).

An important quantitative problem of Petri nets is the
reachability. Given a pair of initial and target states, the target
state is said to be reachable form the initial one if there is a
non-negative sequence of states along which the system can be
driven from the initial to the target one by the state transitions
prescribed by the Petri net. Computational examination of
the reachability problem can provide us with a useful tool to
identify specific system characteristics, such as deadlocks or
extinction events. In process mining, the reachability problem
is related to conformance checking, that is model validation.

In general case, the reachability problem is NP-hard, that
is the existence of a polynomial time algorithm deciding it
is not guaranteed. A common approach to provide relaxation
on the general NP-hard reachability is to classify the Petri
net structure. It has been shown for many classes Petri net
structures, that the reachability relation can be decided in
polynomial time.

In this presentation we adopt the authors’ quantitative results
from the formal mathematical theory of chemical reaction
networks (CRNs). CRNs with discrete state space are known
to be equivalent to the formal model of Petri nets. This
way equivalence relations can be established between the
theoretical results obtained in each of these research fields.
This presentation introduces new classes of Petri nets in which
the generally NP-hard reachability relation can be decided in
polynomial time. As the relaxed decision problem is proven
for specific subclasses of Petri net structures, by validating that

a Petri net is in a respective subclass, relaxed polynomial time
decision problem can be obtained for the reachability relation.
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