


 
 

 

 

 

 

 

 

 

 

COPYRIGHT 
 

 

Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries 

are permitted to photocopy for private use. Instructors are permitted to photocopy, for private use, 

isolated articles for non-commercial classroom use without fee. For other copies, reprint, or 

republication permission, write to IIIS Copyright Manager, 13750 West Colonial Drive, Suite 350 - 

408, Winter Garden, Florida 34787, U.S.A. 

 

All rights reserved. Copyright 2021. © by the International Institute of Informatics and Systemics.  

 

The papers of this book comprise the proceedings of the conference mentioned on the title and the 

cover page. They reflect the authors' opinions and, with the purpose of timely disseminations, are 

published as presented and without change. Their inclusion in these proceedings does not 

necessarily constitute endorsement by the editors. 
 

 

 

 

ISBN: 978-1-950492-48-0 (Collection)        ISBN: 978-1-950492-53-4 (Volume II, 

Post-Conference Edition) 

 
 



 

 

 

 

 

 

 
PROGRAM COMMITTEE 

          

     Chairs: Michael Savoie, USA  Suzanne Kay Lunsford, USA Sushil Archarya, USA  
José Ferrer, Venezuela  T. Grandon Gill, USA  Andrés Tremante, USA 
Jeremy Horne, USA/Mexico Thierry Lefevre, Thailand  Esther Zaretsky, Israel 

 

Abe, Jair Minoro 
Paulista University, Brazil 

Abuleil, Saleem 
Chicago State University, USA 

Ahmad, Imran 
Cloudanum Inc., Canada 

Alhayyan, Khalid N. 
Institute of Public Administration, Saudi Arabia 

Alsamara, Khalid 
Chicago State University, USA 

Alves, Lucas Vinicius Ribeiro 
Federal University of Minas Gerais, Brazil 

Aquino Lopes, Renato de 
Federal University of Uberlandia, Brazil 

Aruga, Masahiro 
Tokai University Japan, Japan 

Ash, George 
Franciscan University, USA 

Ayala, Paulina 
Universidad Técnica de Ambato, Ecuador 

Baracho, Renata Maria Abrantes 
Federal University of Minas Gerais, Brazil 

Basthikodi, Mustafa 
Sahyadri College of Engineering and Management, India 

Bayaga, Anass 
University of Zululand, South Africa 

Benedicenti, Luigi 
University of Regina, Canada 

Bernardino, Jorge 
Coimbra Institute of Engineering, Portugal 

Bishop, Desmond (Tres) 
University of South Florida, USA 

Bönke, Dietmar 
Reutlingen University, Germany 

Bowman, Timothy 
Middletown City Schools, USA 

Burnett, Andrea 
University of the West Indies, Barbados 

Cardoso, Alexandre 
Federal University of Uberlandia, Brazil 

Castellanos, Esteban X. 
University of the Armed Forces, Ecuador 

Chen, Chau-Kuang 
Meharry Medical College, USA 

Chen, Jing-Chao 
Donghua University, China 

Chen, Lisa Y. 
I-Shou University, Taiwan 

Chen, Zhebo 
Taizhou Institute of Zhejiang University, China 

Chiemeke, Stella Chinye 
University of Benin, Nigeria 

Cho, Vincent 
Hong Kong Polytechnic University, Hong Kong 

Correa, Luiza Giori Barcellos 
Federal University of Minas Gerais, Brazil 

Curran, Kevin 
University of Ulster, United Kingdom 

De Abreu, Joao Francisco 
Catholic University of Minas Gerais, Brazil 

Demestichas, Konstantinos 
National Technical University of Athens, Greece 

Dittes, Frank-Michael 
University of Applied Sciences Nordhausen, Germany 

Doherr, Detlev 
University of Applied Sciences Offenburg, Germany 

Eshragh, Sepideh 
University of Delaware, USA 

HONORARY PRESIDENT 

William Lesso, USA (1931-2015) 
 
 
 

GENERAL CHAIRS 

Nagib Callaos, USA 
Hsing-Wei Chu, USA 

ORGANIZING COMMITTEE CHAIR 

Belkis Sánchez, USA 
 

ORGANIZERS OF INVITED SESSIONS 

Shigehiro Hashimoto, Japan 
Hirotoshi Hishida, Japan 

Natalja Lace, Latvia 
 

12th International Multi-Conference on 

Complexity, Informatics and Cybernetics: IMCIC 2021 



Fabiano, Nicola 
Studio Legale Fabiano, Italy 

Foltz, Kevin 
Institute for Defense Analyses, USA 

Gradinaru, Alexandru 
University Politehnica Bucharest, Romania 

Guevara López, Miguel A. 
University of Porto, Portugal 

Haba, Cristian-Gyözö 
"Gheorghe Asachi" Technical University of Iași, Romania 

Hargas, Libor 
University of Zilina, Slovakia 

Horne, Jeremy 
Inventors Assistance League, USA 

Hughes Jr., John 
Meharry Medical College, USA 

Iembo, Rosanna 
University of Calabria, Italy 

Irwin, Bill 
Huron University College, Canada 

Kachanova, Tamara L. 
Saint-Petersburg State Electrotechnical University “LETI”, Russian 
Federation 

Kamper, Derek 
Illinois Institute of Technology, USA 

Kim, Kyungdeok 
Uiduk University, South Korea 

Kim, Seulbae 
Korea University, South Korea 

Koch, Gerda 
AIT Forschungsgesellschaft mbH, Austria 

Koch, Walter 
Steinbeis Transferzentrum IMCHI, Austria 

Kokiko, Charles M. 
Jefferson County Educational Service Center, USA 

Koleva, Maria 
Bulgarian Academy of Sciences, Bulgaria 

Koniar, Dusan 
University of Zilina, Slovakia 

Kusumi, Ariyoshi 
Chukyo University, Japan 

Kwon, Hyuckmin 
Korea University, South Korea 

La Manna, Mario 
Evoelectronics, Italy 

Lahlouhi, Ammar 
University of Biskra, Algeria 

Lemieux, George 
Harris Corporation, USA 

Lewis, Nora 
Wright State University, USA 

Li, Xiaoxia 
Zhejiang University, China 

Lind, Nancy 
Illinois State University, USA 

Lokaj, Zdenek 
Czech Technical University in Prague, Czech Republic 

Lopes, Ederaldo J. 
Federal University of Uberlandia, Brazil 

López Román, Leobardo 
University of Sonora, Mexico 

Lunsford, Suzanne K. 
Wright State University, USA 

Malhotra, Rashmi 
Saint Joseph's University, USA 

Marino, Mark 
Erie County Community College, USA 

Marlowe, Thomas 
Seton Hall University, USA 

Martin, Marcienne 
Laboratoire ORACLE, France 

Mascari, Jean-François 
National Research Council Italy, Italy 

Masuko, Mayumi 
Waseda University, Japan 

Maymir-Ducharme, Fred A. 
IBM US Federal, USA 

Mbobi, Aime Mokhoo 
Centennial College, Canada 

Naah, Basil 
Wright State University, USA 

Naddeo, Alessandro 
University of Salerno, Italy 

Ophir, Dan 
Ariel University Center of Samaria, Israel 

Orantes-Jiménez, Sandra D. 
Instituto Politécnico Nacional, Mexico 

Oropeza, Miguel A. 
University of Aguascalientes, Mexico 

Pickl, Stefan 
Bundeswehr University Munich, Germany 

Poobrasert, Onintra 
National Electronics and Computer Technology Center, Thailand 

Porto, Marcelo 
Federal University of Minas Gerais, Brazil 

Preuss, Fabian 
University of Wisconsin Parkside, USA 

Rahmes, Mark 
Harris Corporation, USA 

Rodríguez, Jorge E. 
Francisco José de Caldas District University, Colombia 

Roslovtsev, Vladimir 
National Research Nuclear University MEPhI, Russian Federation 

Sala, Nicoletta 
University of Italian Switzerland Largo Bernasconi, Switzerland 

Samuels, A. Dexter 
Meharry Medical College, USA 

Schuh, Günther 
RWTH Aachen University, Germany 



Shin, Jungpil 
University of Aizu, Japan 

Simonova, Anna 
University of Zilina, Slovakia 

Simpson, William R. 
Institute for Defense Analyses, USA 

Smit, Peter 
Crisis Support Team, Netherlands 

Soceanu, Alexandru 
Munich University of Applied Sciences, Germany 

Spanikova, Gabriela 
Comenius University in Bratislava, Slovakia 

Stasytyte, Viktorija 
Vilnius Gediminas Technical University, Lithuania 

Stringer, Joseph 
Middletown City Schools Middletown, USA 

Sun, Baolin 
Wuhan University, China 

Tchier, Fairouz 
King Saud University, USA 

Teichmann, Gunter 
SALT Solutions AG, Germany 

Tolias, Stamatina 
Wright State University, USA 

Tsoupikova, Daria 
University of Illinois at Chicago, USA 

Vasinek, Vladimir 
Technical University of Ostrava, Czech Republic 

Vasylenko, Maksym 
Munich University of Applied Sciences, Germany 

Vinson, Keith 
Franklin City Schools, USA 

Vivanco, Jesús Salvador 
University of Aguascalientes, Mexico 

Vogt, Klaus 
Medical Practice Schachenreiter, Latvia 

Vrána, Stanislav 
Czech Technical University in Prague, Czech Republic 

Wang, Jixue 
China Renewable Energy Engineering Institute, China 

Warnecke, Catherine 
Saint Clement Schools, USA 

Waters, David J. 
Purdue University, USA 

Yan, Wenjun 
Zhejiang University, China 

Yang, Qiang 
Zhejiang University-Taihu University, China 

Zelinka, Tomas 
Czech Technical University in Prague, Czech Republic 

Zhang, Xiaozheng Jane 
California Polytechnic State University, USA 

Zykov, Sergey 
National Research University Higher School of Economics, 
Russian Federation 

 
 
 

ADDITIONAL REVIEWERS WHO MADE AT LEAST ONE DOUBLE-BLIND REVIEW 

 

Abe, Jair Minoro 
Paulista University, Brazil 

Acharya, Sushil 
Robert Morris University, USA 

Affenzeller, Michael 
University of Applied Sciences Upper Austria, Austria 

Al-Ammar, Essam 
King Saud University, Saudi Arabia 

Ali, Kamal 
Jackson State University, USA 

Angeli, Chrissanthi 
University of West Attica, Greece 

Angiras, Aditya 
Panjab University, Chandigarh, India 

Arato, Peter 
Budapest University of Technology and Economics, Hungary 

Armitage, William D. 
University of South Florida, USA 

Ata, Osama W. 
Stanford University, USA 

Aveledo, Marianella 
Universidad Simon Bolivar, Spain 

Awodele, Oludele 
Babcock University, Nigeria 

Aydogan, Hasan 
Selcuk University, Turkey 

Aziz, Soulhi 
Ecole Nationale Supérieure des Mines de Rabat, Morocco 

Bernardino, Jorge 
Coimbra Institute of Engineering, Portugal 

Bica, Marin 
Military Technical Academy, Romania 

Bocu, Razvan 
University College Cork, Ireland 

Bolboacă, Sorana D. 
Iuliu Hațieganu University of Medicine and Pharmacy, Romania 

Bönke, Dietmar 
Reutlingen University, Germany 

Boubchir, Larbi 
University of Paris 8, France 

Boulila, Naoufel 
Siemens Corporate Technology, Germany 

Bubnov, Alexej 
Academy of Sciences of the Czech Republic, Czech Republic 



Caldararu, Florin 
Research Laboratory for Environmental Monitoring and 
Semiconductor Sensors, Romania 

Camargo, Maria Emilia 
University of Caxias do Sul, Brazil 

Carmona, Samuel 
Development and Medical Innovation Center, Spain 

Carrasquero, Jose 
Simon Bolivar University, Venezuela 

Carrasquero, José Vicente 
Simon Bolivar University, Venezuela 

Chellappan, Kalaivani 
National University of Malaysia, Malaysia 

Chen, Jing-Chao 
Donghua University, China 

Chen, Zengqiang 
Nankai University, China 

Ciavarella, Giuseppino Massimo 
Sapienza University of Rome, Italy 

Corcuera, Pedro 
University of Cantabria, Spain 

Cost, Richard 
Johns Hopkins University Applied Physics Laboratory, USA 

Crockett, Keeley 
Manchester Metropolitan University, United Kingdom 

Danda, Jagan Mohan Reddy 
Lakireddy Bali Reddy College of Engineering, India 

De la Puente, Fernando 
University of Las Palmas de Gran Canaria, Spain 

De Moura Ramos, José Joaquim 
University of A Coruña, Spain 

Debono, Carl James 
University of Malta, Malta 

Dinis Pereira, Vitor Manuel 
University of Lisbon, Portugal 

Djeffal, Lakhdar 
University of Batna 2, Algeria 

Druzovec, Marjan 
University of Maribor, Slovenia 

Dursun, Sukru 
Selcuk University, Turkey 

Dvornik, Josko 
University of Split, Croatia 

Efstathiou, Dimitrios 
International Hellenic University, Greece 

Englmeier, Kurt 
University of Applied Sciences Schmalkalden, Germany 

Fajardo, Waldo 
University of Granada, Spain 

Falkowski-Gilski, Przemyslaw 
Gdańsk University of Technology, Poland 

Farhaoui, Yousef 
Moulay Ismail University, Morocco 

Farooq, Omar 
Aligarh Muslim University, India 

Félez, Jesús 
Polytechnic University of Madrid, Spain 

Ferreira, Manuel Alberto M. 
Lisbon University Institute, Portugal 

Figueroa de La Cruz, Mario M. 
National Technological University, Argentina 

Fikret Ercan, M. 
Singapore Polytechnic, Singapore 

Flores, Juan 
University of Michoacan, Mexico 

Fox, Richard 
Northern Kentucky University, USA 

Freire, Fausto 
Universidad Tecnológica Equinoccial, Ecuador 

Frick, Jan 
University of Stavanger, Norway 

García Marco, Francisco J. 
University of Zaragoza , Spain 

Gatfaoui, Hayette 
IESEG School of Management, France 

Gervino, Gianpiero 
National Institute of Nuclear Physics, Italy 

Gini, Giuseppina 
Polytechnic University of Milan, Italy 

Greco, Salvatore 
University of Catania, Italy 

Gundu, Srinivasa Rao 
Dravidian University, India 

Haddad, Hisham 
Kennesaw State University, USA 

Hann, Christopher 
University of Canterbury, New Zealand 

Hashimoto, Shigehiro 
Kogakuin University, Japan 

Hitam, Muhammad Suzuri 
Universiti Malaysia Terengganu, Malaysia 

Hmida, Hmida 
Higher Institute of Technological Studies of Charguia, Tunisia 

Ho, Liangwei 
Collex Communication Corporation, Taiwan 

Hossain, Gahangir 
West Texas A&M University, USA 

Hsu, Ching-Sheng 
Ming-Chuan University, Taiwan 

Huang, Hanming 
Guangxi Normal University, China 

Hung, Kevin 
The Open University of Hong Kong, Hong Kong 

Ishikawa, Hiroshi 
Niigata University of International and Information Studies, Japan 

Janota, Ales 
University of Zilina, Slovakia 

Jenq, John 
Monclair State University, USA 



Jin, Lei 
Texas A&M University-Corpus Christi, USA 

Kane, Bridget 
Trinity College Dublin, Ireland 

Kaneko, Itaru 
Nagoya City University, Japan 

Kim, Hyunju 
Jackson State University, USA 

Kim, Kyungdeok 
Uiduk University, South Korea 

Kimiaei, Sharok 
Karolinska Institute Medical Radiation Physics, Sweden 

Klopotek, Mieczyslaw Alojzy 
Polish Academy of Sciences, Poland 

Kocsis, Otilia 
University of Patras, Greece 

Law, Rob 
Hong Kong Polytechnic University, Hong Kong 

Lee, Jong Kun 
Changwon National University, South Korea 

Leu, Fang-Yie 
Tunghai University, Taiwan 

Li, Yu-Chiang 
Southern Taiwan University, Taiwan 

Liang, Chih-Chin 
National Central University, Taiwan 

Lim, Hwee-San 
Science University of Malaysia, Malaysia 

Lopes, Sérgio Ivan 
Instituto Politécnico de Viana do Castelo, Portugal 

López-Zafra, Juan M. 
University College of Financial Studies, Spain 

Lukman, Iing 
Universitas Malahayati, Indonesia 

Luo, Jia-Ning 
Ming Chuan University, Taiwan 

Mainguenaud, Michel 
Institut National des Sciences Appliquées, France 

Mansour, Ali 
Ecole National Superieure des Ingenieurs des Etudes et Techniques 
d'Armement, France 

Marlowe, Thomas 
Seton Hall University, USA 

Mashao, Daniel 
University of Johannesburg, South Africa 

Masuko, Mayumi 
Waseda University, Japan 

Mateen, Ahmed 
University of Agriculture Faisalabad, Pakistan 

Mihaita, Niculae 
Bucharest University of Economics, Romania 

Minoro Abe, Jair 
University of Sao Paulo, Brazil 

Miraoui, Moeiz 
University of Gafsa, Tunisia 

Mishra, Atul 
BML Munjal University, India 

Mitchell, Charles 
Grambling State University, USA 

Mitra, Pinaki 
Indian Institute of Technology Guwahati, India 

Miyazaki, Jun 
OrangeTechLab Inc., Japan 

Modi, Pawan Kumar 
University College of Engineering, India 

Mokos, Evagelos 
University of the Aegean, Greece 

Nagy, Endre 
The Society of Instrument and Control Engineers, Japan 

Nayyar, Anand 
Duy Tan University, Vietnam 

Newsome, Mark 
Hewlett-Packard Company, USA 

Ng, Raymond 
Chinese University of Hong Kong, Hong Kong 

Odella, Francesca 
University of Trento, Italy 

Omidvar, Hedayat 
National Iranian Gas Company, Iran 

Omoregie, Kester O. 
Auchi Polytechnic, Nigeria 

O'Shaughnessy, Douglas 
Centre Énergie Matériaux Télécommunications, Canada 

Pal, Saibal 
Scientific Analysis Group, India 

Patel, Sanjay 
LDRP Institute of Technology and Research, India 

Pavaloiu, Ionel-Bujorel 
University Politehnica of Bucharest, Romania 

Pavate, Aruna 
Atharva college of engineering, India 

Pérez, Carlos 
Columbia University of Paraguay, Paraguay 

Phakamach, Phongsak 
Rajamangala University of Technology, Thailand 

Poobrasert, Onintra 
National Electronics and Computer Technology Center, Thailand 

Qabazard, Adel 
Kuwait Institute for Scientific Research, Kuwait 

Qu, Junfeng 
Clayton State University, USA 

R. K., Bharathi 
Sri Jayachamarajendra College of Engineering, India 

Raibulet, Claudia 
University of Milano-Bicocca, Italy 

Rajan, Amala 
Higher Colleges of Technology, United Arab Emirates 

Reis, Arsénio 
University of Trás-os-Montes and Alto Douro, Portugal 



Rija, Maurizio 
University of Calabria, Italy 

Romansky, Radi 
Technical University of Sofia, Bulgaria 

Ruan, Tongjun 
New Mexico Institute of Mining and Technology, USA 

Rubin, Gustavo 
Benemérita Universidad Autónoma de Puebla, Mexico 

Rumen, Andreev 
Bulgarian Academy of Sciences, Bulgaria 

Saiti, Anna 
Harokopion University, Greece 

Sánchez Salguero, Hugo 
National Polytechnic Institute, Mexico 

Santos, Joaquín 
Simon Bolivar University, Venezuela 

Santos H., Joaquín 
Simon Bolivar University, Venezuela 

Sasakura, Mariko 
Okayama University, Japan 

Satybaldiyeva, Ryskhan 
International Information Technologies University, Kazakhstan 

Savva, Andreas 
University of Nicosia, Cyprus 

Scrivner, Olga 
Indiana University, USA 

Segall, Richard S. 
Arkansas State University, USA 

Sharma, Shamneesh 
Poornima University, India 

Shiraishi, Masatake 
Ibaraki University, Japan 

Silva, Paulo 
Military Institute of Engineering, Brazil 

Sinkunas, Stasys 
Kaunas University of Technology, Lithuania 

Sirkemaa, Seppo 
Turku School of Economics and Business Administration, Finland 

Sokolov, Sergey 
Keldysh Institute of Applied Mathematics, Russian Federation 

Somkunwar, Rachna 
Dr. D. Y. Patil Institute of Technology, India 

Stork, Milan 
University of West Bohemia in Pilsen, Czech Republic 

Strefezza, Miguel 
Simon Bolivar University, Venezuela 

Taghouti, Hichem 
University of Tunis Elmanar II, Tunisia 

Tam, Wing K. 
Swinburne University of Technology, Australia 

Tenreiro Machado, J. A. 
Institute of Engineering of Porto, Portugal 

Thurasamy, Ramayah 
Science University of Malaysia, Malaysia 

Tong, Raymond 
Hong Kong Polytechnic University, Hong Kong 

Trinca Watanabe, Cibele Cristina 
Federal University of Tocantins, Brazil 

Tsaur, Woei Jiunn 
Da Yeh University, Taiwan 

Tsiligaridis, John 
Heritage University, USA 

Tsipouras, Markos 
University of Ioannina, Greece 

Tsubaki, Michiko 
University of Electro-Communications, Japan 

Ulhaq, Irfan 
University of Wisconsin Platteville, USA 

Unar, Mukhtiar Ali 
Mehran University of Engineering and Technology, Pakistan 

Vasilache, Simona 
University of Tsukuba, Japan 

Virivada, Venkata Raghava Raman 
Asmara College of Health Sciences, Eritrea 

Wan Mohd Isa, Wan Abdul Rahim 
Universiti Teknologi MARA, Malaysia 

Whitby, Seta 
University of La Verne, USA 

Wielki, Janusz 
Technical University of Opole, Poland 

Woods, Kelvin 
Catholic University of America, USA 

Xochicale Rojas, Hugo A. 
DeSiC - Desarrollo de Sistemas de Cómputo, Mexico 

Yussupova, Nafissa I. 
Ufa State Aviation Technical University, Russian Federation 

Zemliak, Alexander 
Meritorious Autonomous University of Puebla, Mexico 

Zyubin, Vladimir 
Institute of Automation and Electrometry, Russian Federation 

 

 

 
ADDITIONAL REVIEWERS WHO MADE AT LEAST ONE NON-BLIND REVIEW 

 

Abualkhair, Maysoon 
King Abdulaziz University, Saudi Arabia 

Ahmed, Abdulaziz 
University of Minnesota Crookston, USA 

Aiken, Paul 
University of the West Indies, Mona, Jamaica 

Alvarez Valadez, Gerardo 
Universidad Iberoamericana León, Mexico 



BahooToroody, Farshad 
University of Parsian, Iran 

Baridam, Barilee 
University of Port Harcourt, Nigeria 

Baygorrea, Nancy 
Federal University of Rio de Janeiro, Brazil 

Bodade, Rajesh 
Military College of Telecommunication Engineering, India 

C. K., Ali 
National Institute of Technology Calicut, India 

Chato, Oliver 
Ateneo de Manila University, Philippines 

Conraud Koellner, Eva 
Universidad de Guanajuato, Mexico 

Cymrot, Raquel 
Mackenzie Presbyterian University, Brazil 

Dana, Léo-Paul 
Montpellier Business School, France 

Doarn, Charles 
University of Cincinnati, USA 

Dushanov, Ermuhammad 
Joint Institute for Nuclear Research, Russian Federation 

Ekpenyong, Moses 
University of Uyo, Nigeria 

Enjolras, Geoffroy 
Grenoble IAE, France 

Entani, Tomoe 
University of Hyogo, Japan 

Ferrè, Nicola 
Istituto Zooprofilattico Sperimentale delle Venezie, Italy 

Fertalj, Kresimir 
University of Zagreb - FER, Croatia 

Geete, Kanu 
Maulana Azad National Institute of Technology, India 

Gillert, Frank 
Technical University of Applied Sciences Wildau, Germany 

Godsall, Lyndon 
Post University, USA 

Gomes, Luis Mendes 
University of the Azores, Portugal 

Guerra, Helia 
University of the Azores, Portugal 

Guo, Weihong 
Case Western Reserve University, USA 

Hoffman, Danie 
University of Pretoria, South Africa 

Hong, Ji-Young 
Kyobo Insurance Company, South Korea 

Inoue, Mari 
Kobe University, Japan 

Inoue, Masato 
Meiji University, Japan 

Khalaj, Saeed 
University of Parsian, Iran 

Koltsov, Sergei 
HSE University, Russian Federation 

Lee, Ju-Hwan 
Seoul Media Institute of Technology, South Korea 

Lodwick, Weldon 
University of Colorado Denver, USA 

Lorenz, Birgy 
Tallinn University of Technology, Estonia 

Manzalini, Antonio 
Telecom Italia - TIM, Italy 

McNaughton, Maurice 
University of the West Indies at Mona, Jamaica 

Medina, Leonel 
Universidad de Santiago de Chile, Chile 

Modlic, Borivoj 
University of Zagreb - FER, Croatia 

Motsi, Lovemore 
University of South Africa, South Africa 

Mzazi, Vincent 
University of South Africa, South Africa 

Nikodem, Maciej 
Wrocław University of Technology, Poland 

Noble, Denis 
Oxford University, United Kingdom 

Oladosu, Kamaldeen 
University of Ilorin, Nigeria 

Ouyang, Yuyuan 
Clemson University, USA 

Pamula, Raj 
California State University, Los Angeles, USA 

Pawlak, Mirosław 
Adam Mickiewicz University, Poland 

Pereira, Veridiana 
Mackenzie Presbyterian University, Brazil 

Pourhomayoun, Mohammad 
California State University- Los Angeles, USA 

R. K., Bharathi 
Sri Jayachamarajendra College of Engineering, India 

Rakovská, Eva 
University of Economics in Bratislava, Slovakia 

Reinhold, Olaf 
Universität Leipzig, Germany 

Rossotto, Mauro 
Telecom Italia - TIM, Italy 

Sadeghian, Hamidreza 
Virginia Commonwealth University, USA 

Sarkar, Sahotra 
University of Texas at Austin, USA 

Sarmiento, Celina 
Philippine Normal University, Philippines 

Sarmiento, Orlando 
Federal University of Rio de Janeiro, Brazil 

Schmidt, Peter 
University of Economics in Bratislava, Slovakia 



Segall, Richard S. 
Arkansas State University, USA 

Shah, Afzal 
Quaid-i-Azam University, Pakistan 

Shirai, Masato 
Shimane University, Japan 

Shukla, Sidharth 
Military College of Telecommunication Engineering, India 

Stasewitsch, Elena 
Technische Universität Braunschweig, Germany 

Stella, Massimo 
University of Exeter, United Kingdom 

Sundararajan, Rajeswari 
Purdue University, USA 

Surachartkumtonkun, Jiraporn 
Griffith University, Australia 

Sychov, Sergey 
ITMO University, Russian Federation 

Tandon, Rakshit 
Council of Information Security, India 

V, Shijoh 
Jyothi Engineering College, India 

Vilas Boas, Ana Alice 
Universidade Federal de Lavras, Brazil 

Wakabayashi, Kei 
University of Tsukuba, Japan 

Watanuki, Keiichi 
Saitama University, Japan 

Wójcik, Robert 
Wrocław University of Science and Technology, Poland 

Zenkouar, Khalid 
University Sidi Mohamed Ben Abdellah, Morocco 

Zhang, Hongchao 
Louisiana State University, USA 

Zoican, Marius-Andrei 
University of Toronto, Canada 

Zulch, Benita 
University of Pretoria, South Africa 

 



Proceedings of The 12th International Multi-Conference on Complexity, Informatics and Cybernetics (IMCIC 2021) 

 

 

 

 

FOREWORD 
 

 

Our purpose in organizing the 12th International Multi-Conference on Complexity, Informatics and 

Cybernetics (IMCIC 2021) jointly with the 12th International Conference on Society and Information 

Technologies (ICSIT 2021) and their collocated events, including the 11th Ibero-American 

Conference on Complexity, Informatics and Cybernetics (CICIC 2021), is to provide a multi-

disciplinary forum for both disciplinary and inter-disciplinary communication. 

 

These collocated events were organized and sponsored by the International Institute of Informatics 

and Systemics (IIIS, www.iiis.org), member of the International Federation for Systems Research 

(IFSR, www.ifsr.org). The IIIS is a multi-disciplinary organization for inter-disciplinary 

communication and integration, which includes about 5000 members. Consequently, a main 

purpose of the IIIS is to foster knowledge integration processes, interdisciplinary communication, and 

integration of academic activities. Based on: 1) the transdisciplinarity of the systemic approach and 

its emphasis on relationships and integrating processes, and 2) the multi-disciplinary support of 

cybernetics’ and informatics’ concepts, notions, theories, technologies, and tools, the IIIS has been 

organizing multi-disciplinary conferences as a platform for fostering inter-disciplinary 

communication and knowledge integration processes. 

 

Multi-disciplinary conferences are organized by the IIIS 

as support for both intra- and inter-disciplinary 

communication. Processes of intra-disciplinary 

communication are mainly achieved via traditional 

paper presentations in corresponding disciplines, while 

conversational sessions, regarding trans- and inter-

disciplinary topics, are among the means used for inter-

disciplinary communication. Intra- and inter-

disciplinary communications might generate co-

regulative cybernetic loops, via negative feedback, and 

synergic relationships, via positive feedback loops, in 

which both kinds of communications could increase 

their respective effectiveness. Figure (at the right side) 

shows at least two cybernetic loops if intra- and inter-

disciplinary are adequately related. A necessary 

condition for the effectiveness of Inter-disciplinary 

communication is an adequate level of variety 

regarding the participating disciplines. Analogical 

thinking and learning processes of disciplinarians 

depend on it; which in turn are potential sources of the 

creative tension required for cross-fertilization among 

disciplines and the generations of new hypothesis. An extended presentation regarding this issue can 

be found at http://www.iiis.org/MainPurpose/ 

 

In general, IIIS is an organization dedicated to contributing to the development of the Systems 
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Approach, Cybernetics, and Informatics potential, using both: knowledge and experience, thinking 

and action, for the: 

 

a. identification of synergetic relationships among Systemics, Cybernetics and Informatics, and 

between them and society; 

b. promotion of contacts among the different academic areas, through the transdisciplinarity of 

the systems approach; 

c. identification and implementation of communication channels among the different 

professions; 

d. supply of communication links between the academic and professional worlds, as well as 

between them and the business world, both public and private, political and cultural; 

e. stimulus for the creation of integrative arrangements at different levels of society, as well as 

at the family and personal levels; 

f. promotion of transdisciplinary research, both on theoretical issues and on applications to 

concrete problems. 

 

Our objective organizing the 12th International Multi-Conference on Complexity, Informatics and 

Cybernetics (IMCIC 2021) is to provide, in these increasingly related areas, a multi-disciplinary 

forum, to foster interdisciplinary communication among the participants, and to support the sharing 

process of diverse perspectives of the same transdisciplinary concepts and principles. Complexity, 

Cybernetics and Informatics are being increasingly related to each other in almost every scientific 

discipline, engineering area, and human activity.  Their common transdisciplinarity characterizes and 

communicates them, generating strong relations among them and with other disciplines.  They work 

together to create a whole new way of thinking and practice.  This phenomenon persuaded the 

Organizing Committee to structure IMCIC 2021 as a multi-conference where participants may focus 

on one area, or on one discipline, while allowing them the possibility of attending events from other 

areas or disciplines. This systemic approach stimulates cross-fertilization among different disciplines, 

inspiring scholars, originating new hypothesis, supporting production of innovations and generating 

analogies; which is, after all, one of the very basic principles of the systems’ movement and a 

fundamental aim in cybernetics. 

 

One of the main objectives of the 12th International Conference on Society and Information 

Technologies (ICSIT 2021) and the 12th International Conference on Education, Training and 

Informatics (ICETI 2021) is to bring together academics, professionals, and managers from the 

private and the public sectors, so they can share ideas, results of research, and innovative services or 

products, in a multi-disciplinary and multi-sector forum. 

 

Educational technologies, socio-economic organizations, and socio-political processes are essential 

domains among those involved in the evolving co-adaptation and co-transformation between societies 

and cultures on the one hand, and between informatics and cybernetics (communication and control) 

on the other hand. 

 

ICSIT 2021 and ICETI 2021 are related to each other, as well as to IMCIC 2021 and, as a whole, are 

producing or might produce synergic relationships with Information and Communication 

Technologies. This is why the Organizing Committees have the purpose of combining their efforts in 

a way that would lead to the organization of an adequate joint event, where academics, researchers, 

consultants, professionals, innovators, and practitioners from the three areas might relate and interact 

with each other in the same event. These types of interaction might generate possibilities of cross-
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fertilization and analogical thinking, as well as possibilities of new working hypothesis, ideas, and 

reflections on the impact, significance, and usefulness of Informatics and Cybernetics in important 

dimensions of educational, socio-political, and socio-economical processes, services, and products. 

 

On behalf of the Organizing Committee, I extend our heartfelt thanks to the Program Committees’ 

members, to the 496 reviewers, from 76 countries, who made the double-blinded reviews, and to the 

175 reviewers, from 49 countries, who made the non-blind reviews. (Some reviewers supported both: 

non-blind and double-blind reviewing for different submissions). A total of 1150 reviews made by 

671 reviewers (who made at least one review), from 82 countries contributed to the quality achieved 

in IMCIC/ICETI/CICIC 2021. This means an average of 4.44 reviews per submission (259 

submissions were received). Each registered author had access, via the conference web site, to the 

reviews that recommended the acceptance of their respective submissions. Each registered author 

could get information about: 1) the average of the reviewers' evaluations according to 8 criteria, and 

the average of a global evaluation of his/her submission; and 2) the comments and the constructive 

feedback made by the reviewers, who recommended the acceptance of his/her submission, so the 

author would be able to improve the final version of the paper. 

 

In the organizational process of IMCIC/ICSIT 2021, about 221 articles were submitted. The 

IMCIC/ICSIT 2021 post-conference proceedings include about 91 papers from 35 countries (65 

papers from IMCIC and 26 papers from ICSIT), which were accepted for presentation. The 

submissions were reviewed as carefully as time permitted; it is expected that most of them will appear 

in a more polished and complete form in scientific journals. As announced in the conference web site 

authors of the respective papers “are responsible of the content of their respective papers, as well as 

for their respective proofreading and copyediting.” 

 

This information is detailed and totalized in the following table, along with the other collocated event: 

  

Conference 
# of 

submissions 
received 

# of 
reviewers 

that made at 
least one 

review 

# of reviews 
made 

Average of 
reviews per 

reviewer 

Average of 
reviews per 
submission 

# of papers 
included in 

the 

proceedings 

% of 
submissions 
included in 

the 

proceedings 

IMCIC 2021 139 288 455 1.58 3.27 65 46.76 % 

ICSIT 2021 82 279 521 1.87 6.35 26 31.71 % 

CICIC 2021 38 104 174 1.67 4.58 16 42.11 % 

TOTAL 2021 259 671 1150 1.71 4.44 107 41.31 % 

We also extend our gratitude to the co-editors of these proceedings, for the hard work, energy and 

eagerness they displayed in their respective activities. We express our intense gratitude to the late 

Professor William Lesso for his wise and opportune tutoring, for his eternal energy, integrity, and 

continuous support and advice, as the Program Committee Chair of past conferences, organized by 

the International Institute of Informatics and Systemics, as well as for being a very caring old friend 

and intellectual father to many of us. 

 

Special thanks to Professors José Ferrer and Michael Savoie for co-chairing IMCIC 2021 Program 

Committee, to Professor Hsing-Wei Chu for his General Co-chairmanship, and to Belkis Sánchez for 

chairing its Organizing Committee. Special thanks also to Professor Friedrich Welsch for chairing 
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ICETI 2021, Professors José Ferrer and Belkis Sánchez for co-chairing its Organizing Committee, 

and to Professor Andrés Tremante for serving as General Co-chair. 

 

We also extend our gratitude to the following scholars, researchers, and professionals who (up to the 

moment in which this Foreword is being written) accepted to deliver plenary Workshop and Tutorial, 

support the conference as panelists in conversational panels, chair conversational sessions and/or to 

address the audience of the General Joint Plenary Sessions with keynote addresses (More details, 

abstracts and short bios, were included in the Conference Program booklet and at: 

http://www.iiis.org/spring2021plenaryevents) 

 

Plenary Keynote Speakers (in alphabetical Order) 

 

• Dr. Francesco Armato, University of Florence, Italy. 

• Dr. Risa Blair, Purdue University Global, United States. 

• Ms. Sabrina Cesaretti, University of Florence, Italy. 

• Dr. Areej Elsayary, Zayed University, United Arab Emirates. 

• Dr. Nicola Fabiano, Studio Legale Fabiano, Italy. 

• Professor Stefano Follesa, University of Florence, Italy. 

• Professor T. Grandon Gill, University of South Florida, United States. 

• Professor Shigehiro Hashimoto, Kogakuin University, Japan. 

• Dr. Jeremy Horne, Southwest Area Division- American Association for the Advancement 

of Science (President-Emeritus), United States. 

• Dr. Teresa Langness, Full-Circle Learning, United States. 

• Professor Haniph A. Latchman, University of Florida, United States / University of the 

West Indies at Mona, Jamaica. 

• Dr. Adrian Leka, University of Shkoder, Albania. 

• Professor Rusudan Makhachashvili, Borys Grinchenko Kyiv University, Ukraine. 

• Professor Thomas Marlowe, Seton Hall University, United States. 

• Dr. Maurice McNaughton, University of the West Indies at Mona, Jamaica. 

• Dr. Patrick Mennig, Fraunhofer IESE, Germany. 

• Dr. Yuriy Mikheev, Saint Petersburg State University, Russian Federation. 

• Dr. Ekaterini Nikolarea, University of the Aegean, Greece. 

• Dr. Wayne Patterson, Howard University (Retired Professor), United States. 

• Professor Ivan Semenist, Borys Grinchenko Kyiv University, Ukraine. 

• Professor Allan Tarp, MATHeCADEMY.net, Denmark. 

 

We also would like to extend our appreciation and express our thankfulness and gratitude to the 

following invited session organizers, for their time and for getting in charge of the reviewing 

processes of their respective invited sessions.   

 

Invited sessions Organizers (and Co-Organizers) 

 

• Professor Shigehiro Hashimoto, Kogakuin University, Japan. 

• Professor Hirotoshi Hishida, Kogakuin University, Japan. 

• Professor Nataļja Lāce, Riga Technical University, Latvia. 

• Professor Areej ElSayary, Zayed University, United Arab Emirates. 
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• Professor Sufian Forawi, The British University in Dubai, United Arab Emirates. 

 

We wish to extend our gratefulness, as well, to those who accepted to host and moderate 

conversational sessions after proposing trans-disciplinary topics in order to foster inter-disciplinary 

communication, which a main founding purpose of the IIIS, and the reason for organizing the multi-

disciplinary conferences.  

 

Hosts and Moderators of the Conversational Sessions (Ordered According How They Were 

Scheduled in the Program)  

 

• Dr. Nicola Fabiano, Founder and CEO of Studio Legale Fabiano, Italy. 

• Dr. Teresa Langness, Nonprofit Board President at Full-Circle Learning, United States. 

• Dr. Jon K. Burmeister, College of Mount St. Vincent, United States. 

• Dr. Ziyuan Meng, Drew University, United States. 

• Professor Andrés Tremante, Florida International University, United States. 

• Dr. Risa Blair, Purdue University Global, United States. 

• Dr.  Suzanne Lunsford, Wright State University, United States. 

• Ms. Alina Chiriac (Matei), MSc., University of Economic Studies in Bucharest, Romania. 

• Dr. Elena F. Ruíz Ledesma, Instituto Politécnico Nacional, Mexico. 

• Professor Abel R. Suing Ruiz, Universidad Técnica Particular de Loja, Ecuador. 

• Professor Ariana Acón Matamoros, Universidad Estatal a Distancia, Costa Rica. 

• Dr. Aurora Trujillo Cotera, Universidad Estatal a Distancia, Costa Rica. 

• Professor Liliana González Palacio, Universidad de Medellín, Colombia. 

• Eng. César F. Cadavid Grajales, Consejo Profesional Nacional de Ingeniería, Colombia. 

• Dr. Karina P. Valarezo González, Universidad Técnica Particular de Loja, Ecuador. 

• Dr. Andrea V. Velásquez Benavides, Universidad Técnica Particular de Loja, Ecuador. 

• Dr. Fanny Y. Paladines Galarza, Universidad Técnica Particular de Loja, Ecuador. 

• Professor Victoria E. Ospina Becerra, Escuela Colombiana de Ingeniería Julio Garavito, 

Colombia. 

• Dr. Bertha Ulloa Rubio, Universidad César Vallejo, Peru. 

• Dr. Eduardo A. Dutra Moresi, Universidade Católica de Brasília, Brazil. 

 

We also wish to thank all the authors for the quality of their papers, and to the 671 reviewers (who 

reviewed at least one article of IMCIC/ICSIT/CICIC 2021 and its collocated events) for the great job 

they did, making the 1150 reviews that supported the acceptance process. We also extend our 

gratitude to all the members of the secretariat and the staff for their knowledgeable effort in supporting 

the organizational process, the help desk, and the production of the proceedings. 

 

 

Professor Nagib C. Callaos 

IMCIC 2021 General Co-Chair 
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