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Preface 

Welcome to the 9th Balkan Conference in Informatics (BCI’2019) held at the Technical University of Sofia, 
Bulgaria, from 26th to 28th September 2019. Each two years the BCI series of conferences provide a forum 
for discussions and dissemination of research accomplishments in computer science and information 
technologies, promote interaction and collaboration among scientists from the Balkan countries and the 
rest of the world and encourage involvement of young researchers from the region. The 9th Balkan 
conference in informatics (BCI’2019) continues the tradition of BCI conferences held in Skopje (2017), 
Craiova (2015), Thessaloniki (2013), Novi Sad (2012), Thessaloniki (2009), Sofia (2007), Ohrid (2005), and 
Thessaloniki (2003). 

The BCI’2019 received 73 submissions from authors coming from 14 different countries (Albania, Angola, 
Australia, Bulgaria, France, Greece, Hungary, North Macedonia, Norway, Romania, Serbia, Slovak Republic, 
United Kingdom, USA). The papers’ selection process was very thorough. An average of four reviews were 
appointed for each paper. The BCI’2019 program committee accepted 24 full papers (8 pages) representing 
acceptance rates of 32.87% for the full papers and accepted also 12 short papers (4 pages). 

The invited keynote speakers of BCI’2019 are Prof. Lefteris Angelis from the School of Informatics, 
Aristotle University, Thessaloniki, Greece and Prof. Petia Georgieva from the Department of Electronics 
Telecommunications and Informatics, University of Aveiro, Portugal. 

Three accompanying workshops are being held during BCI'2019: Workshop on Technology Enhanced 
Learning (WoTEL 2019), First Workshop on Information Security 2019, UNITe 2019 Workshop „Smart and 
Sustainable Cities“. During these workshops 20 additional papers will be presented. 

The organization of the BCI’2019 was a team effort. We first thank the authors for providing the excellent 
papers. We are grateful to the Steering Committee Chair and the Steering Committee members who 
promoted the conference. We would like to deeply thank the Program Committee members for their timely 
collaboration in the reviewing process and for providing valuable feedback to the authors, and the 
organizing committee for their hard work taking care of everything to allow one more successful 
organization of a BCI conference. 

The BCI’2019 was hosted and supported by the Technical University of Sofia, Bulgaria. The organization 
and logistics of the venue were carried out by the Faculty of Computer Systems and Technologies. 

The BCI’2019 event would not have been a success without the generous support of the conference 
sponsors: VMware Bulgaria, Visteon Electronics Bulgaria, Kontrax JSC, SAP Labs Bulgaria. 

 

We hope you will enjoy BCI’2019! 
 
Conference General Chairpersons, 

George Eleftherakis, The University of Sheffield, International Faculty, CITY College, Greece  
Milena Lazarova, Technical University of Sofia, Faculty of Computer Systems and Technologies, Bulgaria 



BCI’2019 Organization 

Conference General Chairpersons 

George Eleftherakis, The University of Sheffield, International Faculty, CITY College, Greece 
Milena Lazarova, Technical University of Sofia, Bulgaria 

Program Committee Chairpersons 

Adelina Aleksieva-Petrova, Technical University of Sofia, Bulgaria 
Antoniya Tasheva, Technical University of Sofia, Bulgaria 

Organizing Committee 

Daniela Minkovska, Technical University of Sofia, Bulgaria 
Georgy Zapryanov, Technical University of Sofia, Bulgaria 
Iva Nikolova, Technical University of Sofia, Bulgaria 
Lyudmila Stoyanova, Technical University of Sofia, Bulgaria 
Ralitsa Peycheva, Technical University of Sofia, Bulgaria 
Roumen Trifonov, Technical University of Sofia, Bulgaria 
Valentin Mollov, Technical University of Sofia, Bulgaria 
Virginia Dimitrova, Technical University of Sofia, Bulgaria 

Steering Committee Chair  

Yannis Manolopoulos, Aristotle University, Thessaloniki 

Steering Committee Members 

Betim Cico, "EPOKA" University, Albania 
Costin Bădică, University of Craiova, Romania 
George Evangelidis, University of Macedonia, Thessaloniki, Greece 
Iliana Nikolova, University of Sofia, Bulgaria 
Ilia Ninka, University of Tirana, Albania 
Katerina Zdravkova, University of Sts Cyril and Methodius, North Macedonia 
Margita Kon-Popovska, University of Sts Cyril and Methodius, North Macedonia 
Marjan Gušev, University of Sts Cyril and Methodius, North Macedonia 
Mirjana Ivanovic, University of Novi Sad, Serbia 
Petros Kefalas, The University of Sheffield International Faculty, CITY College, Greece 
Roumen Nikolov, University of Library Studies and Information Technologies, Bulgaria 
Zoran Budimac, University of Novi Sad, Serbia 



Program Committee Members 
Adelina Aleksieva-Petrova, Technical University – Sofia, 
Bulgaria 
Adrian Groza, Technical University of Cluj-Napoca, Romania 
Adrian Iftene, Alexandru Ioan Cuza University of Iaşi, 
Romania 
Aleksandra Klasnja-Milicevic, Faculty of Sciences, Novi Sad, 
Serbia 
Alexander Chatzigeorgiou, University of 
Macedonia,Thessaloniki, Greece 
Amelia Bădică, University of Craiova, Romania 
Ana Proykova, University of Sofia, Bulgaria 
Anastas Mishev, University of Sts. Cyril and Methodius, North 
Macedonia 
Anca Vasilescu, Transilvania University of Brașov, Romania 
Antoniya Tasheva, Technical University - Sofia, Bulgaria 
Arda Yurdakul, Bogazici University, Istanbul, Turkey 
Arzucan Ozgur, Bogazici University, Istanbul, Turkey 
Avgoustos Tsinakos, TEI of Kavala, Greece 
Azir Aliu, South East European University, Tetovo, North 
Macedonia 
Bazil Pârv, Babeş-Bolyai University of Cluj-Napoca, Romania 
Bekim Fetaji, South East European University, North 
Macedonia 
Betim Cico, "EPOKA" University, Albania 
Blagoj Delipetrev, University Goce Delcev, North Macedonia 
Boris Milašinović, University of Zagreb, Croatia 
Boris Rachev, Technical University of Varna, Bulgaria 
Boris Tudjarov, Technical University - Sofia, Bulgaria 
Christos Douligeris, University of Piraeus, Greece 
Christos K. Georgiadis, University of Macedonia, Thessaloniki, 
Greece 
Costin Bădică, University of Craiova, Romania 
Cveta Martinovska, University Goce Delcev, North Macedonia 
Cvetana Krstev, University of Belgrade, Serbia 
Damir Kalpic, University of Zagreb, Croatia 
Dana Petcu, West University of Timişoara, Romania 
Dana Simian, Lucian Blaga University of Sibiu, Romania 
Daniela Minkovska, Technical University - Sofia, Bulgaria 
Daniela Zaharie, West University of Timişoara, Romania 
Dejan Gjorgjevikj, University St. Cyril and Methodius, North 
Macedonia 
Delyan Genkov, Technical University - Gabrovo, Bulgaria 
Demosthenes Stamatis, Alexander TEI of Thessaloniki, Greece 
Dilyana Budakova, Technical University - Sofia, Branch 
Plovdiv, Bulgaria 
Dimitar Trajanov, University Ss Cyril and Methodius, North 
Macedonia 
Dimitris Dranidis, The University of Sheffield International 
Faculty, Greece 
Dragan Janković, Univesrity of Nis, Serbia 

Efthimios Tambouris, University of Macedonia,Thessaloniki, 
Greece 
Elinda Kajo Mece, Polytechnic University of Tirana, Albania 
Elior Vila, University "Aleksandër Xhuvani", Albania 
Elvira Popescu, University of Craiova, Romania 
Florin Leon, Gheorghe Asachi Technical University of Iaşi, 
Romania 
Galidia Petrova, Technical University - Sofia, Branch Plovdiv, 
Bulgaria 
Galina Ilieva, University of Plovdiv "Paisii Hilendarsky", 
Bulgaria 
George A. Gravvanis, Democritus University of Thrace, 
Greece 
George A. Vouros, University of Piraeus, Greece 
George Eleftherakis, The University of Sheffield International 
Faculty, Greece 
Georgi Zapryanov, Technical University - Sofia, Bulgaria 
Georgios Evangelidis, University of Macedonia, Thessaloniki, 
Greece 
Goran Velinov, University of Sts Cyril and Methodius, North 
Macedonia 
Gordan Jezic, University of Zagreb, Croatia 
Grisha Spasov, Technical University - Sofia, Branch Plovdiv, 
Bulgaria 
Horia Pop, Babeş-Bolyai University of Cluj-Napoca, Romania 
Hristo Valchanov, Technical University - Varna, Bulgaria 
Ilia Ninka, University of Tirana, Albania 
Ilias Sakellariou, University of Macedonia, Thessaloniki, 
Greece 
Ilija Jolevski, St. Clement of Ohrid University, Faculty of ICT – 
Bitola, North Macedonia 
Iraklis Paraskakis, South East European Reserach Centre, 
Greece 
Iva Nikolova, Technical University - Sofia, Bulgaria 
Ivan Jordanov, University of Portsmouth, UK 
Ivan Koychev, University of Sofia "St. Kliment Ohridski", 
Bulgaria 
Ivan Lirkov, Bulgarian Academy of Sciences, Bulgaria 
Ivan Luković, University of Novi Sad, Serbia 
Ivica Dimitrovski, University Ss Cyril and Methodius, Skopje, 
North Macedonia 
John Galletly, American University in Bulgaria, Bulgaria 
Katerina Zdravkova, University of Sts Cyril and Methodius, 
North Macedonia 
Kiril Alexiev, Bulgarian Academy of Sciences, Bulgaria 
Krasimir Manev, New Bulgarian University, Bulgaria 
Krasimira Stoilova, Bulgarian Academy of Sciences, Bulgaria 
Krassen Stefanov, Sofia University, Bulgaria 
Ladislav Huraj, University of SS. Cyril and Methodius in 
Trnava, Slovakia 
Leonid V. Stoimenov, University of Nis, Serbia 



Leonidas Palios, University of Ioannina, Greece 
Lyudmila Stoyanova, Technical University - Sofia, Bulgaria 
Margarita Todorova, University of Veliko Turnovo "St Cyril 
and St. Methodius", Bulgaria 
Margita Kon-Popovska. University of Sts Cyril and Methodius, 
North Macedonia 
Marius Brezovan, University of Craiova, Romania 
Marjan Gušev, University of Sts Cyril and Methodius, North 
Macedonia 
Maro Vlachopoulou, University of Macedonia, Thessaloniki, 
Greece 
Michael Vassilakopoulos, University of Central Greece, Greece 
Mihaela Colhon, University of Craiova, Romania 
Mihaela Oprea, University Petroleum-Gas of Ploieşti, Romania 
Milen Petrov, University of Sofia, Bulgaria 
Milena Karova, Technical University – Varna, Bulgaria 
Milena Lazarova, Technical University – Sofia, Bulgaria 
Milos Radovanovic, University of Novi Sad, Serbia 
Miloš Savić, University of Novi Sad, Serbia 
Mirel Coşulschi, University of Craiova, Romania 
Mirjana Ivanović, University of Novi Sad, Serbia 
Natasa Hoic-Bozic, University of Rijeka, Croatia 
Nevena Ackovska, Institute of Informatics, North Macedonia 
Nikitas N. Karanikolas, TEI of Athens, Greece 
Olga Georgieva, University of Sofia, Bulgaria 
Panayiotis Bozanis, University of Thessaly, Greece 
Patrizia Poščić, University of Rijeka, Croatia 
Pavel Boytchev, Sofia University, Bulgaria 
Pece Mitrevski, St. Clement of Ohrid University, North 
Macedonia 
Petia Georgieva, University of Aveiro, Portugal 
Petia Koprinkova-Hristova, Bulgarian Academy of Sciences, 
Bulgaria 
Petr Saloun, VSB – TU Ostrava, Czech Republic 
Petros Kefalas, The University of Sheffield International 
Faculty, Greece 
Petya Asenova, New Bulgarian University, Bulgaria 
Petya Pavlova, Technical University – Sofia, Branch Plovdiv, 
Bulgaria 
Simona Motogna, Babeş-Bolyai University of Cluj-Napoca, 
Romania 

Sotir Sotirov, Burgas “Prof. D-r. Assen Zlatarov” University, 
Bulgaria 
Spiros Skiadopoulos, University of Peloponnese, Greece 
Srdan Skrbic, University of Novi Sad, Serbia 
Stanimir Stoyanov, University of Plovdiv "Paisii Hilendarski", 
Bulgaria 
Stanislav Simeonov, Burgas “Prof. D-r. Assen Zlatarov” 
University, Bulgaria 
Stelios Xinogalos, University of Macedonia, Thessaloniki, 
Greece 
Stoyan Bonev, American University in Bulgaria, Bulgaria 
Stoyan Maleshkov, New Bulgarian University, Bulgaria 
Suzana Loshkovska, University Ss Cyril and Methodius, 
Skopje 
Theodore Kaskalis, University of Macedonia, Thessaloniki, 
Greece 
Valentin Hristov, Technical University - Sofia, Bulgaria 
Valentin Mollov, Technical University - Sofia, Bulgaria 
Valentina Emilia Balaş, Aurel Vlaicu University of Arad, 
Romania 
Valentina Ivanova, New Bulgarian University, Bulgaria 
Valentina Kukenska, Technical University - Gabrovo, Bulgaria 
Vassilios Dagdilelis, University of Macedonia, Thessaloniki, 
Greece 
Veneta Aleksieva, Technical University - Varna, Bulgaria 
Viorel Negru, West University of Timişoara, Romania 
Virginia Dimitrova, Technical University - Sofia, Bulgaria 
Vladimir Filipovic, University of Belgrade, Serbia 
Vladimir Kurbalija, University of Novi Sad, Serbia 
Vladimir Trajkovikj, Ss Cyril and Methodius University, North 
Macedonia 
Vladimir Radevski, Sauth East European University (SEEU), 
North Macedonia 
Volin Karagiozov, American University in Bulgaria, Bulgaria 
Yannis Manolopoulos, Aristotle University of Thessaloniki, 
Greece 
Zhaneta Savova-Tasheva, National Military University, 
Bulgaria 
Zoltán Horváth, Eotvos Lorand University, Budapest, Hungary 
Zoltán Porkoláb, Eotvos Lorand University, Budapest, 
Hungary 
Zoran Bosnic, University of Ljubljana, Slovenia 
Zoran Budimac, University of Novi Sad, Serbia 

 



Table of Contents 

Preface 

Invited talk papers: 

Statistical Analysis in The Research of Human Factor in Software Engineering 
Lefteris Angelis 

Article 1 

Deep Learning in Brain Computer Interfaces 
Petia Georgieva 

Article 2 

Information Systems (Data): 

Extracting Data from General Practitioners’ XML Reports in Bulgarian 
Healthcare to Comply with ISO/EN 13606 
Kalinka Kaloyanova, Evgeniy Krastev and Emanuela Mitreva 

Article 3 

Automatic Identification of Skills’ Dependency 
Plamen Nachev, Olga Georgieva and Lefteris Angelis 

Article 4 

Development of Base Ontology for a Digital Library of the Bulgarian Museums’ 
Collections  
Radovesta Stewart, Stanislav Simeonov and Radoslav Pavlov 

Article 5 

Meta-Model of the Teaching and Learning Environment Based on ICT 
Integration in the E-Learning Systems  
Adelina Aleksieva-Petrova, Amoussou Dorothee and Milen Petrov 

Article 6 

Web-based VR Environment for Simulation and Visualization of Construction 
Manipulator Motion  
Boris Tudjarov and Rosen Mitrev 

Article 7 

E-commerce Distributed Chatbot System 
Stefan Angelov and Milena Lazarova 

Article 8 

Network & Security: 

Emerging and Secured Mobile Ad-Hoc Wireless Network (MANET) for 
SWARM Applications  
Antouan Anguelov, Roumen Trifonov and Ognian Nakov 

Article 9 

Trends Review of the Contemporary Security Problems in the Cyberspace 
Veneta Yosifova, Roumen Trifonov, Antoniya Tasheva and Ognian Nakov 

Article 10 

An Empirical Study of Wireless Security in City Environment 
Hristo Valchanov, Jan Edikyan and Veneta Aleksieva 

Article 11 

GEMAT - Internet of Things Solution for Indoor Security Geofencing 
Sasa Pesic, Milenko Tosic, Ognjen Ikovic, Miloš Radovanović, Mirjana Ivanovic 
and Dragan Boscovic 

Article 12 



Analysis of Keystream Produced by Generalized Shrinking Multiplexing 
Generator Controlled by Ternary m-sequence 
Zhaneta Savova-Tasheva and Antoniya Tasheva 

Article 13 

Security Improvement in a Modified Merkle-Tree: Computation and Storage 
Comparison Between Different Cloud Providers 
Ivaylo Chenchev 

Article 14 

Social Computing: 

Applied Computing for Portfolio Optimization in Bulgarian Stock Exchange 
Krasimira Stoilova, Todor Stoilov and Miroslav Vladimirov 

Article 15 

Female Students’ Attitude Towards Studying Informatics and Expectations for 
Future Career – Balkan Case 
Nevena Ranković, Mirjana Ivanović, Milos Savić, Elinda Kajo Mece, Asya 
Stoyanova-Doycheva and Dragica Ranković 

Article 16 

BI or not BI? Presence and Future of BI in Small and Medium-sized Enterprises 
from South Central Bulgaria 
Stanislava Klisarova-Belcheva, Tania Yankova and Galina Ilieva 

Article 17 

A Framework for Predicting Community Behavior in Evolving Social Networks 
Georgia Koloniari, Georgios Evangelidis, Nikolaos Sachpenderis and Ioannis 
Milonas 

Article 18 

Interactive Voice Assisted Home Healthcare Systems 
Andrej Ilievski, Dimitri Dojchinovski and Marjan Gusev 

Article 19 

Smart Services for Managing the Design of Personalized Educational Video 
Games 
Albena Antonova, Yavor Dankov and Boyan Bontchev 

Article 20 

Software Engineering: 

Categorization of C++ Classes for Static Lifetime Analysis 
Gábor Horváth and Norbert Pataki 

Article 21 

Software Technologies Skills: A Graph-Based Study to Capture Their 
Associations and Dynamics 
Konstantinos Georgiou, Maria Papoutsoglou, Athena Vakali and Lefteris Angelis 

Article 22 

On the Validated Usage of the C++ Standard Template Library  
Bence Babati, Gábor Horváth, Norbert Pataki and Attila Páter-Részeg 

Article 23 

Proportionate (m,k)-firm Scheduling for Multiprocessor Systems  
Ivaylo Atanassov 

Article 24 

Detecting C++ Lifetime Errors with Symbolic Execution  
Réka Kovács, Gábor Horváth and Zoltán Porkoláb 

Article 25 



Theory of Computation & Computing: 

Complexity Aspects of Unstructured Sparse Graph Representation 
Martin Nehez and Peter Bartalos 

Article 26 

CRC Selection for Decoding of CRC-polar Concatenated Codes 
Tsonka Baicheva and Peter Kazakov 

Article 27 

Applying a Quantum Amplification Over a System for Image Feature Matching 
and Image Recommendation 
Desislav Andreev and Milena Lazarova 

Article 28 

An Experimental Comparative Performance Study of Demosaicing Algorithms 
on General-Purpose GPUs 
Georgi Zapryanov and Iva Nikolova 

Article 29 

Bi-Source Verification Against Silent Data Corruption in High Performance 
Computing 
Era Ajdaraga Krluku, Marjan Gusev and Vladimir Zdraveski 

Article 30 

A GPU Implementation of FastICA in Audio Applications for Small Number of 
Components 
Stefan Kanan, Marjan Gusev and Vladimir Zdraveski 

Article 31 

Reliable Cloud Software Development Architectures and Business Models Case 
Study: RIDEaaS and GAE Launcher 
Orges Cico and Betim Cico 

Article 32 

The Effect of Parallelism on Data Reduction  
Pavlos Ponos, Stefanos Ougiaroglou and Georgios Evangelidis 

Article 33 

Workshop of Technology Enhanced Learning (WoTEL): 

Voice Assistants and Artificial Intelligence in Education 
Georgios Terzopoulos, Maya Satratzemi 

Article 34 

Facilitating Learning by Practice and Examples: a Tool for Learning Table 
Normalization 
Junhu Wang, Bela Stantic 

Article 35 

Arduino and Numerical Mathematics 
Đorđe Herceg, Dejana Herceg 

Article 36 

Inclusive Education Course Design for Informatics Teachers 
Temenuzhka Zafirova-Malcheva, Pavel Boytchev, Eliza Stefanova, Pencho 
Mihnev, Krassen Stefanov 

Article 37 

Can a robot be an efficient mediator in promoting dyadic activities among 
children with Autism Spectrum Disorders and children of Typical 
Development? 
Sofia Pliasa, Nikolaos Fachantidis 

Article 38 

 


