Osvaldo Gervasi - Beniamino Murgante -
Chiara Garau - David Taniar -

Ana Maria A. C. Rocha -

Maria Noelia Faginas Lago (Eds.)

Computational Science
and Its Applications -
ICCSA 2024 Workshops

Hanoi, Vietnam, July 1-4, 2024
Proceedings, Part Vil

aart Vil

LNCS 14822

@ Springer



Lecture Notes in Computer Science 14822

Founding Editors

Gerhard Goos
Juris Hartmanis

Editorial Board Members

Elisa Bertino, Purdue University, West Lafayette, IN, USA

Wen Gao, Peking University, Beijing, China

Bernhard Steffen@®, TU Dortmund University, Dortmund, Germany
Moti Yung®, Columbia University, New York, NY, USA


https://orcid.org/0000-0001-9619-1558
https://orcid.org/0000-0003-0848-0873

The series Lecture Notes in Computer Science (LNCS), including its subseries Lecture
Notes in Artificial Intelligence (LNAI) and Lecture Notes in Bioinformatics (LNBI),
has established itself as a medium for the publication of new developments in computer
science and information technology research, teaching, and education.

LNCS enjoys close cooperation with the computer science R & D community, the
series counts many renowned academics among its volume editors and paper authors, and
collaborates with prestigious societies. Its mission is to serve this international commu-
nity by providing an invaluable service, mainly focused on the publication of conference
and workshop proceedings and postproceedings. LNCS commenced publication in 1973.



Osvaldo Gervasi - Beniamino Murgante -
Chiara Garau - David Taniar -

Ana Maria A. C. Rocha -

Maria Noelia Faginas Lago

Editors

Computational Science
and Its Applications —

ICCSA 2024 Workshops

Hanoi, Vietnam, July 1-4, 2024
Proceedings, Part VIII

@ Springer



Editors

Osvaldo Gervasi

Department of Mathematics and Computer
Science

University of Perugia

Perugia, Italy

Chiara Garau

Department of Civil and Environmental
Engineering and Architecture
University of Cagliari

Cagliari, Italy

Beniamino Murgante
School of Engineering
University of Basilicata
Potenza, Italy

David Taniar

Faculty of Information Technology
Monash University Clayton Campus
Clayton, VIC, Australia

Maria Noelia Faginas Lago

Department of Chemistry, Biology
and Biotechnology

University of Perugia

Perugia, Italy

Ana Maria A. C. Rocha
Algoritmi Research Centre
University of Minho
Braga, Portugal

ISSN 0302-9743

Lecture Notes in Computer Science
ISBN 978-3-031-65317-9 ISBN 978-3-031-65318-6 (eBook)
https://doi.org/10.1007/978-3-031-65318-6

ISSN 1611-3349 (electronic)

© The Editor(s) (if applicable) and The Author(s), under exclusive license

to Springer Nature Switzerland AG 2024

Chapters 12, 13, 14, 15 and 16 are licensed under the terms of the Creative Commons Attribution
4.0 International License (http://creativecommons.org/licenses/by/4.0/). For further details see license
information in the chapters.

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the
editors give a warranty, expressed or implied, with respect to the material contained herein or for any errors
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

If disposing of this product, please recycle the paper.


https://orcid.org/0000-0003-4327-520X
https://orcid.org/0000-0002-6239-5402
https://orcid.org/0000-0001-8679-2886
https://orcid.org/0000-0003-2409-5959
https://orcid.org/0000-0002-8862-3960
https://orcid.org/0000-0002-4056-3364
https://doi.org/10.1007/978-3-031-65318-6
http://creativecommons.org/licenses/by/4.0/

Preface

These 11 volumes (LNCS volumes 14815-14825) consist of the peer-reviewed papers
from the 55 Workshops of the 2024 International Conference on Computational Science
and Its Applications (ICCSA 2024) which took place during July 1-4, 2024 in Hanoi
(Vietnam). The peer-reviewed papers of the main conference tracks are published in a
separate set consisting of two volumes (LNCS 14813-14814).

The conference was held in a hybrid form, with some participants present in person,
hosted in Hanoi, Vietnam, by the Thuy Loi University. We enabled virtual participation
for those who were unable to attend the event, due to logistical, political and economic
problems, by adopting a technological infrastructure based on open source software (jitsi
+ riot), and a commercial Cloud infrastructure.

ICCSA 2024 was another successful event in the International Conference on Com-
putational Science and Its Applications (ICCSA) conference series, previously held in
Athens, Greece (2023), Malaga, Spain (2022), Cagliari, Italy (hybrid with few par-
ticipants in presence in 2021 and completely online in 2020), whilst earlier editions
took place in Saint Petersburg, Russia (2019), Melbourne, Australia (2018), Trieste,
Italy (2017), Beijing. China (2016), Banff, Canada (2015), Guimaraes, Portugal (2014),
Ho Chi Minh City, Vietnam (2013), Salvador, Brazil (2012), Santander, Spain (2011),
Fukuoka, Japan (2010), Suwon, South Korea (2009), Perugia, Italy (2008), Kuala
Lumpur, Malaysia (2007), Glasgow, UK (2006), Singapore (2005), Assisi, Italy (2004),
Montreal, Canada (2003), and (as ICCS) Amsterdam, The Netherlands (2002) and San
Francisco, USA (2001).

Computational Science is the main pillar of most of the present research, industrial
and commercial applications, and plays a unique role in exploiting ICT innovative tech-
nologies, and the ICCSA conference series have been providing a venue to researchers
and industry practitioners to discuss new ideas, to share complex problems and their
solutions, and to shape new trends in Computational Science. As the conference mirrors
society from a scientific point of view, this year’s undoubtedly dominant theme was the
machine learning and artificial intelligence and their applications in the most diverse
economic and industrial fields.

The ICCSA 2024 conference is structured in 6 general tracks covering the fields
of computational science and its applications: Computational Methods, Algorithms and
Scientific Applications — High Performance Computing and Networks — Geometric Mod-
eling, Graphics and Visualization — Advanced and Emerging Applications — Information
Systems and Technologies — Urban and Regional Planning. In addition, the conference
consisted of 55 workshops, focusing on very topical issues of importance to science,
technology and society: from new mathematical approaches for solving complex com-
putational systems, to information and knowledge in the Internet of Things, new statis-
tical and optimization methods, several Artificial Intelligence approaches, sustainability
issues, smart cities and related technologies.



vi Preface

In the Workshops proceedings we accepted 281 full papers, 17 short papers and 2
PhD Showcase papers. In the Main Conference Proceedings we accepted 53 full papers,
6 short papers and 3 PhD Showcase papers from 207 submissions to the General Tracks
of the conference (acceptance rate 30%). We would like to express our appreciation to
the workshops chairs and co-chairs for their hard work and dedication.

The success of the ICCSA conference series in general, and of ICCSA 2024 in par-
ticular, vitally depends on the support of many people: authors, presenters, participants,
keynote speakers, workshop chairs, session chairs, organizing committee members, stu-
dent volunteers, Program Committee members, Advisory Committee members, Inter-
national Liaison chairs, reviewers and others in various roles. We take this opportunity
to wholehartedly thank them all.

We also wish to thank our publisher, Springer, for their acceptance to publish the
proceedings, for sponsoring part of the best papers awards and for their kind assistance
and cooperation during the editing process.

We cordially invite you to visit the ICCSA website https://iccsa.org where you can
find all the relevant information about this interesting and exciting event.

July 2024 Osvaldo Gervasi
Beniamino Murgante
Chiara Garau


https://iccsa.org

Welcome Message from Organizers

After the very hard times of COVID, ICCSA continues its successful scientific endeavors
in 2024, hosted in Hanoi, Vietnam. This time, ICCSA moved from the Mediterranean
Region to Southeast Asia and was held in the metropolitan city of Hanoi, the capital of
Vietnam. Hanoi is a vibrant urban environment known for the hospitality of its citizens,
its rich history, vibrant culture, and dynamic urban life. Located in the northern part of
the country, Hanoi is a bustling metropolis that combines the old with the new, offering
a unique blend of ancient traditions and modern development.

ICCSA 2024 took place in a secure environment, allowing for safe and vibrant in-
person participation. Combined with the active engagement of the ICCS A 2024 scientific
community, this set the stage for highly motivating discussions and interactions regarding
the latest developments in computer science and its applications in the real world for
improving communities’ quality of life.

Thuyloi University, also known as the Water Resources University, is a prominent
institution in Hanoi, Vietnam, with a strong reputation in engineering and technical edu-
cation, particularly in water resources and environmental engineering. In recent years, the
University has expanded its academic offerings to include computer science, reflecting
the growing importance of technology and digital skills in all sectors. This year, Thuyloi
University had the honor of hosting ICCSA 2024. The Local Organizing Committee felt
the burden and responsibility of such a demanding task and put all necessary energy into
meeting participants’ expectations and establishing a friendly, creative, and inspiring
scientific and social/cultural environment that allowed for new ideas and perspectives to
flourish.

Since all ICCSA participants, whether informatics-oriented or application-driven,
realize the tremendous advancements in computer science over the last few decades and
the huge potential these advancements offer in coping with the enormous challenges of
humanity in a globalized, ‘wired,” and highly competitive world, the expectations for
ICCSA 2024 were high. The goal was to successfully match computer science progress
with communities’ aspirations, achieving progress that serves real, place- and people-
based needs and paves the way towards a visionary, smart, sustainable, resilient, and
inclusive future for both current and future generations.

On behalf of the Local Organizing Committee, I would like to sincerely thank all of
you who contributed to ICCSA 2024.

Nguyen Canh Thai
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Workshop Organizers

Elise De Doncker Western Michigan University, USA

Fukuko Yuasa High Energy Accelerator Research Organization,
Japan

Hideo Matsufuru High Energy Accelerator Research Organization,
Japan

Workshop Program Committee Members

Tadashi Ishikawa High Energy Accelerator Research Organization,
Japan
Hiroshi Daisaka Hitotsubashi University, Japan

Naohito Nakasato University Aizu, Japan
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Takahiro Ueda
Khiem Hong Phan
Naohito Nakasato
Tasnim Gharaibeh
Robert Makin

Juntendo University, Japan

Duy Tan University, Vietnam
University Aizu, Japan

Kalamazoo College, USA

Western Michigan University, USA

Cities, Technologies and Planning (CTP 2024)

Workshop Organizers

Beniamino Murgante
Giuseppe Borruso
Malgorzata Hanzl
Anastasia Stratigea
Ljiljana Zivkovic
Ginevra Balletto

University of Basilicata, Italy

University of Trieste, Italy

Lodz University of Technology, Poland
National Technical University of Athens, Greece
Republic Geodetic Authority, Serbia

University of Cagliari, Italy

Workshop Program Committee Members

Silvia Battino

Mara Ladu

Maria del Mar Munoz Leonisio
Ahinoa Amaro Garcia

Maria Attard

Enrico Dagostini

Francesca Krasna

Brisol Garcia Garcia

Tu Anh Trinh

Giovanni Mauro
Maria Ronza
Massimiliano Bencardino

University of Sassari, Italy

University of Cagliari, Italy

University of Cadiz, Spain

Univeristy of Las Palmas of Gran Canaria, Spain

University of Malta, Malta

University of Malta, Malta

University of Trieste, Italy

Polytechnic University of Quintana Roo, Mexico

College of Technology and Design for UEH
University, Vietnam

University of Campania Luigi Vanvitelli, Italy

University of Naples, Federico II, Italy

University of Salerno, Italy

Sustainable Digital Circular Economy (DiCE 2024)

Workshop Organizers

Ginevra Balletto
Stefano Epifani

University of Cagliari, Italy
Digital Sustainability Foundation, Italy



Stefano Carboni
Francesca Sinatra
Salvatore Dore
Andrea Gallo

Organization

University of Sassari, Italy
University of Cagliari, Italy
University of Sassari, Italy
University of Trieste, Italy

Workshop Program Committee Members

Giuseppe Borruso
Silvia Battino
Beniamino Murgante
Mara Ladu

Luigi Mundula
Maria Attard
Enrico Dagostini
Emilio Ghiani
Marco Naseddu
Balazs Kulcsaar
Tu Anh Trinh

Giovanni Mauro
Maria Ronza
Massimiliano Bencardino

University of Trieste, Italy
University of Sassari, Italy
University of Basilicata, Italy
University of Cagliari, Italy
University of Perugia, Italy
University of Malta, Malta
University of Malta, Malta
University of Cagliari, Italy
University of Cagliari, Italy
University of Debrecen, Hungary

College of Technology and Design for UEH

University, Vietnam
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University of Campania Luigi Vanvitelli, Italy

University of Naples, Federico II, Italy
University of Salerno, Italy

Evaluating Inner Areas Potentials (EIAP 2024)

Workshop Organizers

Diana Rolando

Alice Barreca
Manuela Rebaudengo
Giorgia Malavasi

Polytechnic of Turin, Italy
Polytechnic of Turin, Italy
Polytechnic of Turin, Italy
Polytechnic of Turin, Italy

Workshop Program Committee Members

John Accordino
Sara Favargiotti
Maddalena Ferretti
Daniel Laven
Barbara Lino
Umberto Mecca

Virginia Commonwealth University, USA

University of Trento, Italy

Polytechnic University of Marche, Italy
Mid Sweden University, Sweden
University of Palermo, Italy
Polytechnic University of Turin, Italy



XXiv Organization

Lorenzo Savio
Asja Aulisio

Polytechnic University of Turin, Italy
Polytechnic University of Turin, Italy

Econometrics and Multidimensional Evaluation of Urban
Environment (EMEUE 2024)

Workshop Organizers

Carmelo Maria Torre
Francesco Tajani
Pierluigi Morano
Simona Panaro
Maria Cerreta
Debora Anelli

Polytechnic of Bari, Italy

Sapienza University of Rome, Italy
Polytechnic of Bari, Italy

University of Sussex, UK

University of Naples Federico II, Italy
Polytechnic of Bari, Italy

Workshop Program Committee Members

Pierfrancesco de Paola
Daniela Tavano
Giuseppe Cerullo

Francesco Paolo del Giudice

Marco Locurcio
Maria Rosa Trovato
Felicia di Liddo
Maria Paz Saez Perez
Yasmine Selim
Hasan Mara

Philipp Wiesner
Maria Gamboa Perez
Manuel Yanez

Lucia Ika Fitriastuti
Frank Devai

Frank Westad

Eugenio Muccio
Chiara Mazzarella
Daniele Cannatella
Sabrina Sacco
Piero Zizzania
Stefano Cunto

University of Naples Federico II, Italy

University of Calabria, Italy

Sapienza University of Rome, Italy

Sapienza University of Rome, Italy

Polytechnic University of Bari, Italy

University of Catania, Italy

Polytechnic University of Bari, Italy

University of Granada, Spain

Ain Shams University, Cairo

Indian Institute of Technology Roorkee, India

Technical University of Berlin, Germany

Complutense University of Madrid, Spain

Universidad Auténoma de Madrid, Spain

Solusi Bisnis Indonesia, Indonesia

London South Bank University, UK

Norwegian University of Science and Technology,
Norway

University of Naples Federico II, Italy

TU Delft, The Netherlands

TU Delft, The Netherlands

University of Naples Federico II, Italy

University of Naples Federico II, Italy

University of Naples Federico II, Italy



Organization

Sveva Ventre University of Naples Federico II, Italy
Caterina Loffredo University of Naples Federico II, Italy
Giuseppe Ciciriello University of Naples Federico II, Italy
Maria Somma University of Naples Federico II, Italy
Ludovica La Rocca University of Naples Federico II, Italy
Gaia Daldanise National Research Council, Italy
Giuliano Poli University of Naples Federico II, Italy
Environmental, Social, Governance of Energy Planning
(ESGEP 2024)
Workshop Organizers
Ginevra Balletto University of Cagliari, Italy
Emilio Ghiani University of Cagliari, Italy
Roberto De Lotto University of Pavia, Italy
Alessandra Marra University of Salerno, Italy
Riccardo Trevisan University of Cagliari, Italy
Balédzs Kulcsar University of Debrecen, Hungary
Workshop Program Committee Members
Jacopo Torriti University of Reading, UK
Roberto Gerundo University of Salerno, Italy
Luigi Mundula University of Perugia, Italy
Mara Ladu University of Cagliari, Italy
Giuseppe Borruso University of Trieste, Italy
Tu Anh Trinh College of Technology and Design for UEH

University, Vietnam
Giovanni Mauro University of Campania Luigi Vanvitelli, Italy
Maria Ronza University of Naples, Federico II, Italy
Massimiliano Bencardino University of Salerno, Italy

Ecosystem Services in Spatial Planning for Resilient Urban
and Rural Areas (ESSP 2024)

Workshop Organizers
Sabrina Lai University of Cagliari, Italy
Corrado Zoppi University of Cagliari, Italy

Francesco Scorza University of Basilicata, Italy

XXV



XXVi Organization

Beniamino Murgante University of Basilicata, Italy

Floriana Zucaro
Carmela Gargiulo

University of Naples Federico II, Italy
University of Naples Federico II, Italy

Workshop Program Committee Members

Carmen Guida

Irina Di Ruocco
Silvia Rossetti
Barbara Caselli
Gloria Pellicelli
Federica Leone
Federica Isola
Francesca Leccis
Francesca Perrone
Angela Pilogallo
Alfonso Annunziata
Alessandro Marucci
Francesco Zullo
Gizem Ding

Atila Gul

Sarah Scheiber
Matteo Caglioni

University of Naples Federico II, Italy
Insubria University, Italy

University of Parma, Italy

University of Parma, Italy

University of Parma, Italy

University of Cagliari, Italy
University of Cagliari, Italy
University of Cagliari, Italy

Sapienza University of Rome, Italy
Italian National Research Council, Italy
University of Basilicata, Italy
University of L’ Aquila, Italy
University of L’ Aquila, Italy
Siileyman Demirel University, Turkey
Stileyman Demirel University, Turkey
University of Malta, Malta

Université Cote d’ Azur, France

Ethical AI Applications for a Human-Centered Cyber Society

(EthicAI 2024)

Workshop Organizers

Valentina Franzoni
Alfredo Milani
Jordi Vallverdu

University of Perugia, Italy
University of Perugia, Italy
University Autonoma Barcelona, Spain

Workshop Program Committee Members

Sergio Tasso
Yuanxi Li
Daniele Mezzetti

Abeer Dyoub

University of Perugia, Italy

Hong Kong Baptist University, Hong Kong, China

Santa Maria della Misericordia Hospital of
Perugia, Italy
L’ Aquila University, Italy
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14th International Workshop on Future Computing System
Technologies and Applications (FiSTA 2024)

Workshop Organizers
Bernady Apduhan Kyushu Sangyo University, Japan
Rafael Santos National Institute for Space Research, Brazil

Workshop Program Committee Members

Agustinus Borgy Waluyo Monash University, Australia

Andre Ricardo Abed Grégio Federal University of Parana, Brazil
Earl Ryan Aleluya MSU-Iligan Institute of Technology, Philippines
Kai Cheng Kyushu Sangyo University, Japan
Alvaro Fazenda Federal University of Sdo Paulo, Brazil
Yusuke Gotoh Okayama University, Japan

Eric Pardede La Trobe University, Australia

Yasuaki Sumida Kyushu Sangyo University, Japan
Kazuaki Tanaka Kyushu Institute of 