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PREFACE 
 

We are honored to present this collection of abstracts from the 2024 

World Conference on Complex Systems (WCCS), which will be held in 

Mohammedia, Morocco, from November 11 to 14, 2024. 
 

WCCS offers a platform for discussing key issues, challenges, and 

opportunities in complex systems and interdisciplinary science. The 

conference aims to foster debate on the most relevant methodologies and 

approaches to understanding, modeling, simulating, predicting, evaluating, 

and mastering societal, ecological, biological, and engineered complex 

systems. 
 

Participants from different continents will share their latest research, 

making WCCS a truly global event. The program includes a carefully 

selected range of papers, chosen for their originality, relevance, and clarity, 

to be presented in different sessions.  
 

Additionally, WCCS is proud to host expert keynote speakers, 

whose contributions are essential to enriching the conference discussions. 

Their abstracts and biographies are included in this volume. 
 

We extend our gratitude to the institutions and partners that support 

this event, enabling us to create a space for fruitful exchanges and 

collaboration. We are pleased to acknowledge the financial support provided 

by Wolfram Research, the Chair of Complexities ∞ Humanities, ABS, 

Mohammed VI Polytechnic University, Hassan II University, Capgemini 

and the National Center for Scientific and Technical Research (CNRST). 

We also appreciate the technical support from the International Federation 

for Systems Research (IFSR) and the International Academy for Systems 

and Cybernetic Sciences (IASCYS). 
 

 

We wish all participants a productive and enriching experience at 

WCCS and a pleasant stay in Mohammedia. 
 

11 November 2024 

Mohamed ESSAAIDI 

General Director of Moroccan School of  Science & Engineering, Morocco 
 

Mohamed NEMICHE 

Professor at Sidi Mohamed Ben Abdellah University, Fes, Morocco 

President of the Moroccan Society of Interdisciplinary Sciences 
 

Souad Tayane 
Professor at Mohammedia Faculty of Sciences and Techniques,Morocco
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WCCS 2024 Keynote Speech (1) 

Complexity and the Computational 

Paradigm  

Doctor Stephen Wolfram  

Founder & CEO of Wolfram Research, USA 

 

 

Biography: Stephen Wolfram published his first scientific paper at the age 

of 15, and received his PhD in theoretical physics from Caltech by the age of 

20. Having started to use computers in 1973, Wolfram rapidly became a 

leader in the emerging field of scientific computing. 
 

In 1981 Wolfram became the youngest recipient of a MacArthur Prize 

Fellowship. He then set out on an ambitious new direction in science aimed 

at understanding the origins of complexity in nature. Wolfram’s first key 

idea was to use computer experiments to study the behavior of simple 

computer programs known as cellular automata. This allowed him to make a 

series of startling discoveries about the origins of complexity. 
 

Wolfram founded the first research center and the first journal in the field, 

Complex Systems, and began the development of Mathematica. Wolfram 

Research soon became a world leader in the software industry — widely 

recognized for excellence in both technology and business. 
 

Following the release of Mathematica Version 2 in 1991, Wolfram began to 

divide his time between Mathematica development and scientific research. 

Building on his work from the mid-1980s, and now with Mathematica as a 

tool, Wolfram made a rapid succession of major new discoveries, which he 

described in his book, A New Kind of Science. 
 

Building on Mathematica, A New Kind of Science, and the success of 

Wolfram Research, Wolfram recently launched Wolfram|Alpha — an 

ambitious, long-term project to make as much of the world’s knowledge as 

possible computable, and accessible to everyone. 
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WCCS 2024 Keynote Speech (2) 

Effects of Functional Diversity on Social 

Dynamics: Simulation and Experimental 

Studies  

Professor Hiroki Sayama  

Director, Binghamton Center of Complex Systems (CoCo), Binghamton University, 

SUNY, USA 

ABSTRACT: Diversity of individuals is usually discussed and advocated 

from a demographic point of view. However, *functional* diversity, such as 

diversity in behavior, background or expertise, would also play an essential 

role in collective social dynamics. In this talk, we present an overview of our 

two recent studies on the effects of functional diversity on opinion dynamics 

and social evolution. The first study investigated how behavioral diversity of 

individuals might affect informational diversity and connectivity within 

society, using numerical simulations of adaptive social network models. 

Results showed that heterogeneity in individual behavioral traits 

significantly increased both opinion diversity and social network 

connectivity. This observation was robustly obtained in several distinct 

models. The second study examined the effects of diversity in individual 

backgrounds on collaborative design and innovation, using human-subject 

experiments and machine-learning-based text analysis. We found that 

spatially clustered collectives with clustered background distributions tended 

to explore more diverse ideas than in other conditions, whereas collectives 

with random background distributions consistently generated ideas with the 

highest utility. Through these interrelated studies, we illustrate how different 

forms of functional diversity of social constituents can have different, 

nontrivial implications for collective social dynamics. 
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Biography: Hiroki Sayama is a Professor in the Department of Systems 

Science and Industrial Engineering, and the Director of the Binghamton 

Center of Complex Systems (CoCo), at Binghamton University, State 

University of New York, USA. He also serves as a non-tenure-track 

Professor in the School of Commerce at Waseda University, Japan, an 

External Faculty member of the Vermont Complex Systems Center at the 

University of Vermont, USA, and a Visiting Professor in the School of 

Sciences at Christ University, Pune/Lavasa, India. He received his B.Sc., 

M.Sc. and D.Sc. in Information Science, all from the University of Tokyo, 

Japan. He did his postdoctoral work at the New England Complex Systems 

Institute in Cambridge, Massachusetts, USA. His research interests include 

complex dynamical networks, human and social dynamics, collective 

behaviors, artificial life/chemistry, interactive systems, and complex systems 

education, among others. He is an expert on mathematical/computational 

modeling and analysis of various complex systems. He has published more 

than 230 peer-reviewed journal articles and conference proceedings papers 

and has written or edited 15 books and conference proceedings about 

complex systems related topics. His open-access textbook on complex 

systems modeling and analysis has been downloaded more than 170,000 

times globally and has become one of the standard textbooks on this subject. 

He currently serves as the Vice President of the International Society for 

Artificial Life (ISAL), an Elected Council / Executive Committee / CCS 

Steering Committee Member of the Complex Systems Society, a Board 

member of the Network Science Society (NetSci), the Chief Editor of 

Complexity (Wiley), the Founding Co-Editor-in-Chief of Northeast Journal 

of Complex Systems (NEJCS), an Associate Editor of Artificial Life (MIT 

Press), and as an editorial board member for several other journals. 
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WCCS 2024 Keynote Speech (3) 

Characterizing Disruptive Events by 

Modeling Dynamics in Multiplex Networks   

Professor Zoran Obradovic  

Director, Center for Data Analytics and Biomedical Informatics, Temple University 

USA 

ABSTRACT: This presentation will delve into effective machine learning-

based approaches for identifying, categorizing, and forecasting disruptive 

weather events, even when data is limited and labels are imprecise. We’ll 

showcase some of our latest techniques, which address this challenge by 

leveraging multiplex evolving networks to jointly analyze structured and 

unstructured data sources. Our findings demonstrate that by utilizing deep 

learning and transfer learning techniques, the accuracy and efficacy of 

diagnostics and risk monitoring for weather events can be greatly enhanced. 

Specifically, integrating information from weather, geophysical, and social 

media sources of varying quality and resolutions can yield significant 

improvements in predicting and managing weather-related disruptive events. 

Biography: Zoran Obradovic is a Distinguished Professor and a Center 

director at Temple University, an Academician at the Academia Europaea 

(the Academy of Europe), and a Foreign Academician at the Serbian 

Academy of Sciences and Arts. He mentored about 50 postdoctoral fellows 

and Ph.D. students, many of whom have independent research careers at 

academic institutions (e.g. Northeastern Univ., Ohio State Univ,) and 

industrial research labs (e.g. Amazon, eBay, Facebook, Hitachi Big Data, 

IBM T.J.Watson, Microsoft, Yahoo Labs, Uber, Verizon Big Data, Spotify). 

Zoran is the editor-in-chief of the Big Data journal and the steering 

committee chair for the SIAM Data Mining conference. He is also an 

editorial board member of 13 journals and was the general chair, program 

chair, or track chair for 11 international conferences. His research interests 
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include data science and complex networks in decision support systems 

addressing challenges related to big, heterogeneous, spatial, and temporal 

data analytics motivated by applications in healthcare management, power 

systems, earth, and social sciences. His studies were funded by AFRL, 

DARPA, DOE, KAUST, NIH, NSF, ONR, PA Department of Health, US 

Army ERDC, US Army Research Labs, and industry. He published about 

450 articles and is cited more than 33,000 times (H-index 68). 
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WCCS 2024 Keynote Speech (4) 

Ensemble Learning for Medical Decision 

Making  

Professor Ali Idri  

Mohammed VI polytechnic University, Morocco 

ABSTRACT: Ensemble learning is the process by which multiple models, 

such as classifiers or experts, are strategically generated and combined to 

solve a particular computational intelligence problem. Ensemble learning is 

primarily used to improve the performance of classification and regression 

tasks. Other applications of ensemble learning include assigning a 

confidence to the decision made by the model, selecting optimal features, 

data fusion, incremental learning, nonstationary learning and error-

correcting. This talk focuses on the use of ensemble learning in medical 

decision making. Different architectures of ensemble learning such as 

Boosting, Bagging and Stacking will be presented and discussed to screen 

and diagnose several diseases such as breast cancer and retinopathy diabetic. 

Biography: Ali Idri is a Full Professor at the Computer Science and Systems 

Analysis School (ENSIAS), Mohammed V University in Rabat since 

September 1994. He is also an Affiliated Professor at Mohammed VI 

Polytechnic University since March 2019. He holds a Ph.D. in Computer and 

Cognitive Sciences from the University of Québec at Montréal (2003), and a 

Doctorate 3rd cycle in Computer Science from the University of Mohammed 

V, Rabat (1997). Throughout his career, Ali has held administrative and 

research roles, including as the Head of the department of Web and Mobile 

Engineering at ENSIAS (2014-2019), and the head of the Software Project 

Management research team since 2010. Ali was an Associate Professor in 

the Software Engineering and Information Technology Department at Ecole 

de Technologie Supérieure (ETS) de Montréal, Quebec, Canada for the 

period 2013 – 2017. Ali is an Expert evaluator at the National Center of 
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Scientific Research (CNRST) in Morocco since 2017. He was the principal 

investigator of several leading national and international projects on the use 

of artificial intelligence and information technologies in health. Ali has 

published more than 300 papers in well-known journals and conferences and 

received recognition for his contributions to the field: (1) Among the top 2% 

researchers around the world in all scientific fields according to the ranking 

of Stanford University since 2021. (2) Among the Top-Ten researchers 

around the world in doing Systematic Mapping Studies in Software 

Engineering. (3) Among the Top-Ten authors in terms of frequency of 

publications in Software Engineering for the period 2014-2016. (4) 3rd 

position of the top-ten well-recognized researchers in Software Effort 

Estimation, 2017. (5) the Best Moroccan Researcher Award in ―Computer 

Science‖ for the period 2016-2020 during the second edition of ―Research 

Excellence Awards‖ ceremony organized by Web of Science and the 

National Centre for Scientific and Technical Research (CNRST) on June 29, 

2021. And (6) the best Moroccan scientists in the category Engineering of 

the AD Scientific ranking since 2021. He is an Associate Editor of two 

international journals: BMC Medical Informatics and Decision Making, and 

Scientific African. He published more than 300 articles in well-recognized 

journals and conferences. 
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WCCS 2024 Keynote Speech (5) 

Complexity. From the Limits of Growth to 

the Growth of Limits  

Professor Reda Benkirane  

Chair of Complexities ∞ Humanities, ABS, Mohammed VI polytechnic University, 

Morocco 

Biography: Reda Benkirane, sociologist and anthropologist, holds a 

Doctorate in philosophy from the University of Lyon, an Mphil in urban 

sociology and cultural anthropology and a Master in development studies 

from the Graduate Institute of International and Development Studies 

(Geneva). For more than 30 years, he has been working as an expert in 

international affairs for NGOs and UN agencies. In parallel, he has been 

involved in various research activities on critical social, political, cultural 

and scientific issues. He has participated in the creation and set-up of many 

international initiatives – including an NGO and a research centre.  
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WCCS 2024 Keynote Speech (6) 

On the Complexity of Living Systems and 

their Biosignatures  

Professor Hector Zenil  

King’s College, University of London, United Kingdom 

ABSTRACT: In this talk I will cover the many efforts my research groups 

have made to try to characterise living systems from the perspective of 

methods of information theory and algorithmic complexity providing a 

framework to ask questions about causality in the context of algorithmic 

probability and reprogramming living systems. I will explain the field of 

Algorithmic Information Dynamics as a theory and method to explore model 

space to search for generative mechanistic models able to explain and 

control processes of living systems at the molecular and cellular level and 

beyond based on first principles of computability theory and complexity 

science. Finally, I will address how all these tools can be used in 

computational predictive medicine and precision healthcare. 

Biography: Dr. Hector Zenil is an Associate Professor at the School of 

Biomedical Engineering and Imaging Sciences at the Faculty of Life 

Sciences and Medicine, King’s College London. In the last ten years, he has 

been associated with so-called Golden Triangle institutions in the UK, 

affiliated with the Universities of Oxford and Cambridge, as a faculty 

member and senior researcher. Before that, he was an Assistant Professor 

and Lab leader at the Algorithmic Dynamics Lab, Unit of Computational 

Medicine, Center for Molecular Medicine at the Karolinska Institute (the 

institution that awards the Nobel Prize in Physiology or Medicine). 

He was a senior researcher and policy advisor at The Alan Turing Institute, 

the U.K. National Institute on Data Science and AI, financially supported by 
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the Office of Naval Research (U.S. Department of Defense). He remains 

affiliated with the Turing in an official capacity as one of only nine 

independent AI scientific advisors funded by Innovate UK. 

He introduced the field of Algorithmic Information Dynamics (AID), a new 

field devoted to the study of causality in dynamical systems (in particular 

living systems) in what we call software space (the space of all possible 

computable explainable models) using a fundamental form of Artificial 

General Intelligence (algorithmic probability). 

He holds two PhDs, one from Lille 1 France in Computer Science (highest 

honours) and one from the Sorbonne Paris 1 in Logic and Epistemology 

(highest honours), a Master’s in Logic and Philosophy from the ENS/Paris 1 

(IHPST) and a first-year Master’s (PGCert) degree in Nanotechnology from 

Oxford University. 
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WCCS 2024 Keynote Speech (7) 

Societal Metamorphosis: On Governance 

and Transformation in Social Ecosystems  

Doctor Louis Klein  

Secretary General at International Federation for Systems Research (IFSR), 

Germany 

Biography: Dedicated to systemic change and the governance of 

complexity, in theory and practice, in research and consulting, Dr Louis 

Klein is an internationally renowned thought and practice leader for systems 

governance and change navigation. Dr Louis Klein serves as dean at the 

European School of Governance, Berlin, Germany and as secretary-general 

of the International Federation for Systems Research, Vienna, Austria. 

Educated as an economist and social scientist, Dr Louis Klein became a 

distinguished systems scientist and cybernetician. He served as director at 

the International Centre for Complex Project Management (ICCPM), as 

director at the World Organisation of Systems and Cybernetics (WOSC), and 

as VP of the International Society for the Systems Sciences (ISSS). 

Dr Louis Klein is a member of the editorial board of the Project 

Management Journal (PMJ) and Systems Research and Behavioural 

Sciences (SRBS) as well as co-publisher of the German philosophical 

business magazine agora42. 
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WCCS 2024 Keynote Speech (8) 

Toward Smart and Autonomous Large-

scale Blockchain-based IoT System  

Professor Mohamed Bakhouya  

International University of Rabat, Morocco 

ABSTRACT: Big data, WSN, and IoT technologies have been proposed for 

timely gathering and analysing information (i.e., data, events) streams. 

Similarly, Blockchain technologies can help to build trust, reduce costs, and 

accelerate transactions. Furthermore, decentralization together with peer-to-

peer and smart contracts principles, the main core of Blockchain technology, 

can eliminate single points of failure while increasing the autonomy in 

handling large-scale IoT applications. In this talk, we shed more light on the 

potential of these technologies for continuous and real-time data monitoring 

and processing in different real-case applications (e.g, Healthcare, energy 

efficient building, smart grid). 

Biography: Mohamed BAKHOUYA is a professor of computer science at 

the International University of Rabat. He obtained his HDR from UHA-

France in 2013 and his PhD from UTBM-France in 2005. He has more than 

ten years experiences in participating, coordinating and working in 

sponsored ICT projects. He was a reviewer of research projects for Agence 

Nationale de la Recherche, (France, 2011), Ministero dell’ Istruzione, dell’ 

Università e della Ricerca (Italy, 2012, 2013, 2016, 2017), Qatar National 

Research Fund (2019, 2020), European Commission-FP7 (2013-2015), 

CHIST-ERA (2021-2022) and for CNRST (2022-2024). He was EiC of 

IJARAS journal and also serves as a guest editor of a number of 

international journals, e.g., ACM Trans. on Autonomous and Adaptive 

Systems, Product Development Journal, Concurrency and Computation: 

Practice and Experience, FGCS, and MICRO. He has published several 

papers in international journals, books, and conferences. His research 

interests include various aspects related to the design, validation, and 

implementation of distributed and adaptive systems, architectures, and 

protocols. 



 

 

 
 

 

 

 

SESSION: 

Modeling and Managing 
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Integrated Stock and Flow Dynamics for Comprehensive 

Carbon Offset Evaluation: A System Dynamics analysis 

of natural and farming ecosystems 
 

Takahiro Sasaki
1
, Godai Suzuki

1,2,3
 , Masatoshi Funabashi

1,2,3
 

1. Sony Computer Science Laboratories, inc., Tokyo, Japan 

2. Research Division on Social Common Capital and the Future, 

Kyoto University Institute for the Future of Human Society, Kyoto, Japan 

3. Synecoculture Association, Oiso, Kanagawa, Japan 

{sasaki, masa_funabashi}@csl.sony.co.jp, suzuki.godai.6i@kyoto-u.ac.jp 
 

 
ABSTRACT: Carbon credits are gaining prominence as a strategy to 
mitigate climate change by reducing greenhouse gas emissions. This study 
integrates stock and flow using a System Dynamics (SD) approach to 
evaluate the carbon offset potential of different farming practices in 
comparison to natural forests. We especially compare high- and moderate-
input conventional monoculture farming and synecoculture (an alternative 
farming system) by modeling their carbon budgets, including biomass 
growth, soil carbon sequestration, harvested biomass, and agricultural inputs. 
Simulated results reveal that while conventional monoculture has high 
productivity, it also leads to significant carbon emissions, leading to a 
positive carbon budget (increase of GHGs in the atmosphere) in total. In 
contrast, synecoculture demonstrates a net negative carbon budget, 
effectively removing more carbon from the atmosphere and sequestering it 
in biomass and soil. Although being under a trade-off with agricultural 
productivity in the high input scenario, the conversion from conventional 
monoculture to synecoculture is revealed to offer greater offset potential 
than establishing a natural forest within a 20-year time scale. The integrated 
evaluation of stock and flow could help disentangle the complex carbon 
budget of human-managed ecosystems and contribute to increasing the 
accuracy of evaluation, as well as discovering novel offset opportunities 
beyond the evaluation of stock on site.  
 
 

KEYWORDS: Carbon offset; farming; ecosystem; natural forest; biomass; 
soil carbon; System Dynamics 
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An Exploration of Settlement with Agent-

Based Modeling  

Cristina Grieg, Anamaria Berea, Edgar Arguello, Sam Carter, 

Chris Prather, Clark Petri, Michael Hammer  

Department of Computational Social Science, George Mason University 

Fairfax, Virginia, USA 

 

 
ABSTRACT: Our goal is to simulate the interactions of future Martian 
colonists through an Agent-Based Modeling (ABM) approach, to anticipate 
conflict. Given the engineering and technological limitations, we draw on 
research regarding high performing teams in isolated high stress 
environments (ex. submarines, Arctic exploration, war) to focus on mental 
health of four standard psychological profiles. Interactions between agents 
are modeled while global events such as accidents or delays affect the whole 
colony. We offer areas for consideration regarding a crew’s mental well-
being, and propose a minimum crew size to maintain a stable crew 
population. 
 

 

KEYWORDS: space exploration; agent-based modeling; psychology 
 

 

 

 



16 2024 World Conference on Complex Systems (WCCS)  
 

979-8-3315-1913-1/24/$31.00 ©2024 IEEE 
 

Agent-Based Model for Moroccan Inbound 

Tourism: Social Influence and Destination 

Choice  

Smahane JEBRAOUI
1
, Mohamed NEMICHE

2
 

1. Faculty of sciences Ibn Zohr University, Agadir, Morocco 

(Smahane.jebraoui@gmail.com) 

2. Sidi Mohamed Ben Abdellah University, Fez, Morocco, 

 

 
ABSTRACT: Understanding tourism motivations and decision-making is 
crucial for stakeholders in the travel and tourism industry to effectively cater 
to the diverse needs and preferences of travelers. Tourist decision-making is 
influenced by a combination of push and pull factors, which shape their 
choice of destination and travel experiences. This study seeks to understand 
the impact of personal tastes and social influence on the Moroccan tourist 
network. To achieve this goal, we propose an agent-based model that 
incorporates decision-making processes integrating individual-level 
attributes, social networks, and environmental factors to capture the 
complexities of tourist behavior. The model is designed to investigate how 
social influence shapes destination choices and the distribution of tourists 
across the tourism network. By simulating various scenarios, including high 
social influence and the promotion of lesser-known destinations, the model 
highlights the role of social influence in driving tourist behavior. In the high 
social influence scenario, the model shows how recommendations within 
social networks can lead to a concentration of tourists in certain destinations, 
while the promotion of lesser-known destinations can help distribute tourists 
more evenly across various locations. These insights emphasize the 
importance of understanding and leveraging social dynamics to promote 
sustainable and inclusive tourism development. 
 

 

KEYWORDS: Agent based modeling; Decision making; Social influence; 

Moroccan inbound tourism 
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Agent-based water market model: an 

analysis through a case study  

Alvaro Hernandez
1
 , Fabiola Lobos

2
 

1. Facultad de Ingeniería y Ciencias, Universidad Adolfo Ibáñez, Santiago, Chile  

(alvaro.hernandez.chile@gmail.com) 

2. Facultad de Ingeniería y Negocios, Universidad de las Américas, Concepción, 

Chile, 

 

 
ABSTRACT: The case of the water use rights market established in the 
Chilean Water Code since 1981 has been the subject of great study interest, 
as it is one of the few places in the world where a model based on the water 
rights trade is applied. Systems such as water systems and water markets are 
intrinsically complex, exhibiting non-linear interactions that may result in 
emergent behaviors.  This study examines the development of a conceptual 
framework for an agent-based model of a groundwater rights market, with a 
specific case study of the Copiapo river basin in northern Chile. Real 
transaction data from the years 2007-2021, which has been officially 
registered in public institutions, has been analyzed to provide insight into the 
model development. The aim of this research is to develop a conceptual 
framework based on the virtualization of a double auction marketplace. This 
market works in a probabilistic model, where the behavior of variables 
affects the agents’ disposition to buy and to sell. The agents compute a 
probability based on their willingness to accept higher or lower prices. We 
show how the ABM can be calibrated and validated, and discuss how it can 
be turned into an experimental laboratory. This approach could be useful for 
studying water management strategies and emerging behaviors, such as the 
generation of possible price bubbles, or for studying the conditions and 
causes of the water crisis. It could also be used to evaluate possible 
solutions. 
 

 

 

KEYWORDS: Water market, Groundwater, Agent-based model (ABM) 
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Formation of Complex Societies: An Agent-

Based Model Inspired by Freudian Theory  

Saida Hachimi El Idrissi
1
 , Mohamed Nemiche

2
 

1. IMI Laboratory, Faculty of Science Agadir, Ibn Zohr University 

Agadir, Morocco, (saida.hachimi12@gmail.com) 

2. Sidi Mohamed Ben Abdellah University Fez, Morocco, 

 

 
ABSTRACT: The rise and emergence of complex societies in the Old 
World mark a pivotal chapter in human history, characterized by the 
transition from small, kin-based communities to large, hierarchical states. 
This transformation raises fundamental questions: How did human societies 
progress from small, cohesive groups characterized by face-to-face 
cooperation to the expansive, anonymous societies of today, often organized 
as states? What factors account for the significant variation in different 
human populations' capacity to construct stable and functional state 
structures? To address these questions, we developed an agent-based model 
grounded in Freud's hypothesis, which posits that civilization could neither 
emerge nor evolve without the repression of human desires. In the context of 
social evolution, this repression of desires can be interpreted as the 
repression of intra-societal competition, ultimately strengthening the society 
and facilitating the formation of complex social structures. We implemented 
this model within a realistic representation of the Afroeurasian landmass, 
incorporating various geographical factors. To validate our model, we 
compared our simulated results with historical data. The modelpredicted 
pattern of expansion of complex societies demonstrated remarkable 
congruence with the observed historical patterns in the Old World. The 
emergence, growth, and distribution of largescale societies predicted by our 
computational model showed remarkable consistency with the 
archaeological and historical record. 
 
 

 

 

 

KEYWORDS: Agent-based Modeling; Repression of satisfaction; 

Cooperation; competition; Social Simulation 
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DRLKHN: A Self-learning Heterogeneous 

Network Key Nodes Identification Method   

Luyao Wang
1
, Linbin Chen

2
, Zhiwei Yang

1
 , Kewei Yang

1
 , 

Qingqing Yang
1
 

1. National University of Defense Technology College of Systems Engineering 

Changsha, China 

2. National University of Defense Technology, College of Intelligence Science and 

Technology, Changsha, China 

 

 
ABSTRACT: The problem of identifying key nodes in heterogeneous 
networks holds both theoretical research significance and practical 
application value. However, traditional modeling and solving methods 
require precise parameters and constraints, and the quality of the solution 
depends heavily on the optimization model, which limits its adaptability and 
autonomy in decisionmaking. Addressing these issues, this study proposes a 
selflearning method for identifying Key Nodes in Heterogeneous Networks 
(DRLKHN) based on Deep Reinforcement Learning. 
This study leverages the perceptual and decision-making capabilities of deep 
reinforcement learning to self-learn strategies for identifying key nodes in 
heterogeneous networks, and designs corresponding frameworks and 
algorithms. It includes the design of a feature extractor for heterogeneous 
networks based on Graph Convolution Networks (GCN), and uses this to 
design vectors for action and state spaces. Finally, the proposed DRLKHN is 
compared with traditional key node identification methods such as High 
Degree Adaptive (HDA), High Eigenvector Adaptive (HEA), High 
Closeness Adaptive (HCA), and High PageRank Adaptive (HPA). Results 
demonstrate that DRLKHN achieves stable and optimal performance in 
simulated networks compared to HDA, HEA, HCA, and HPA. In the real 
network FINC, DRLKHN’s identification of key nodes significantly 
outperforms these traditional methods. DRLKHN improves performance by 
28.6%, 32.2%, 12.7%, and 36.3% respectively over HDA, HEA, HCA, and 
HPA in FINC. This research provides intelligent decision support for 
decision-makers in identifying key nodes in real networks. 
 

 

KEYWORDS: heterogeneous network, key nodes identification, graph 

representation, deep reinforcement learning (DLR) 
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Scale-Free Correction of Under-/Over-

Reported Biases in Global Biotic 

Interaction Network    

Masatoshi Funabashi
1,2

, Kei Aria Nonaka
1
 , Tomoyuki Minami

1
 

1. Sony Computer Science Laboratories, inc., Tokyo, Japan 

2. Research Division on Social Common Capital and the Future, Kyoto University 

Institute for the Future of Human Society, Kyoto, Japan 

{masa_funabashi, nonaka, tomoyuki.minami}@csl.sony.co.jp  

 

 
ABSTRACT: Biotic interactions within ecosystems are crucial for 
maintaining biodiversity and various ecological functions. This study 
focuses on correcting biases in the Global Biotic Interaction (GloBI) 
database, which catalogs species interactions from a vast array of scientific 
literature that are generally compromised by under- and over-reporting 
biases. We assume the biotic interaction network has a scale-free property, 
and the degree distribution follows a power law. Using a linear regression 
model on a double-logarithmic scale, we correct the potential biases in 
degree centrality (DC), betweenness centrality (BC), and PageRank scores 
(PR). After the correction, these centrality measures better align with the 
power-law frequency distribution, and alleviate the initially observed 
bounding relationships of BC to DC and PR, thereby approaching the 
generally expected statistics of a scale-free network. Taking the universality 
of scalefree networks as the underlying property in biotic interactions, the 
corrected centrality scores are expected to mitigate the reporting biases and 
enhance the database's utility for ecological research. 
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ABSTRACT: Imagine accessing a learning platform that presents a world of 
personalized and linked online learning resources – from free textbooks, in-
depth blogs, videos, and podcasts – individually curated for your personal 
learning experience. These learning tools provide an opportunity to revamp 
traditional classrooms and enhance asynchronous experiences by identifying 
and dynamically adapting micro-learning content for each individual learner 
to elevate their learning journey and illuminate the significance of learning 
content. Our network science approach expands upon static repositories of 
instructor-curated content by systematially organizing that content into a 
Dynamic Network of Knowledge. We present the design through a base 
network model example representing linear algebra content that is freely 
available on the WWW.  We extend the network to a dynamic model by 
systematically adding sets of content, and examining the resulting 
topological effects. This enables a generalized process from our example that 
can support potential generation of synthetic models for exploring further 
growth of such a network. The intended use of our network science approach 
is to bridge learning science concepts to foster adaptive & individualized 
learning in a meaningful way based on the introduced Dynamic Network of 
Knowledge content. 
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ABSTRACT: In this paper Methodological approach based on the Euler-
Maruyama method and the Radial Basis Functions are elaborated for 
instationnary probability density functions associated to nonlinear stochastic 
processes under Gaussian white noise. Based on the Euler-Maruyama time 
solution and a Kernel estimation method the probability density of the 
considered nonlinear stochastic equation is obtained. On the other hand and 
for more general problems a time-scheme is coupled with Radial Basis 
Function (RBF) and applied to the associated Fokker-Planck (FP) equation. 
An implicit-time approach is elaborated and timedependent probability 
density function (PDF) is computed for various nonlinear stochastic 
equations. The obtained results using Radial Basis Functions to get the 
probability density function are in good agreement when time is increasing 
comparing with the used Euler-Maryuma associated to nonlinear stocahstic 
processes The applicability and efficiency of the elaborated mathematical 
and numerical approaches are demonstrated. 
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ABSTRACT: This paper deals with modelling the irregular immigration 
problem for the case of Spain. This problem is becoming a crucial 
humanitarian, social and political worldwide. From the scientific point of 
view is also challenging because the weaponization of human waves, in the 
sense that governments use the irregular immigration as a weapon to get 
political and economic advantages, from both parts the host country and the 
issuing countries. Geography plays its role and the case of Spain is 
particularly important. We construct a logistic type discrete dynamic 
mathematical model for irregular immigration for the case of Spain, starting 
from the data analysis of available institutions. Surprisingly interesting is the 
fact that host country attending to socio-political reasons implement 
regularization eventual measures to reduce the carrying capacity of the 
human behavior. The model is able to capture these government decisions 
when they occur, in order to forecast the amount of people involved in the 
phenomenon of irregular immigration. 
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ABSTRACT: This paper explores the geometric modelling and 
approximation of pore space within soil structures through the utilization of 
curve skeleton technique and comparing it to the existing sphere-based 
method. Soil pore space is essential for numerous ecological processes, such 
as fermentation, nutrient transfer, and water retention. Understanding the 
intricate geometrical complexities of soil pores is essential for optimizing 
agricultural practices, sustainable land management, and environmental 
conservation efforts. The sphere-based model and curve skeleton approach 
offer each proper advanced methodologies for characterizing soil pore space 
with high precision. By analysing pore size distributions, connectivity, and 
spatial arrangements, researchers gain critical insights into soil behaviour 
under diverse environmental conditions. This abstract highlights the 
significance of employing these modelling techniques to approximate and to 
enhance our understanding of soil pore dynamics and their implications for 
agriculture, ecology, and environmental sustainability. As well as the 
biological aspect we’re dealing with here. 
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ABSTRACT: This study aimed to quantify the impacts of migration drivers 
on out-migration and in-migration in Burkina Faso. The study covered the 
45 provinces of Burkina Faso and the three climatic zones. The approach 
was based on the use of machine learning specifically XGBoost Regression, 
Random Forest, Neural Network, Linear Regression, Lasso Regression, 
SGD Regression and Ridge Regression. The results showed that 1) the out-
migration is influenced by the population, minimal temperature, masculinity, 
population density, rural population and the maximal temperature and 2) the 
in-migration is influenced by the rural population. In perspectives, the 
approach will be used to predict the migration flow in Burkina Faso under 
different different scenarios. 
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ABSTRACT: In a context marked by an increasingly open information 
technology environment, with a significant flow of data, the exponential 
growth of cyber threats and attacks, the embedded security risk in every IT 
asset, and the challenges related to ensuring the confidentiality, integrity, and 
availability of information. Adopting an Information Security Management 
System has become an essential requirement for organizations to meet their 
goals, and safeguard the interests of their key stakeholders, reputation, 
brand, and value-creating activities. This paper provides an overview of the 
challenges related to adopting the ISO/IEC 27001 standards by Moroccan 
firms. The paper analyzes the outcome of the questionnaire with security 
engineers: Chief Information Security Officer ―CISO‖, Security Operations 
Center ―SOC‖ responsible, incident handling and response team, as well as 
IT engineers to evaluate the readiness of 62 enterprises to implement an 
ISMS based on The ISO/IEC 27001 standards. With an emphasis on 
ISO/IEC 27001 requirements and their significance, related trends, and key 
issues. In addition, we examine the correlation between ISO/IEC 27001 
certification process and the Moroccan regulation. Our findings underscore 
the limitations related to establishing robust information security strategies 
within Moroccan enterprises and provide insights into the challenges 
encountered during the implementation of ISO/IEC 27001. Furthermore, the 
study emphasizes the importance of awareness, policies and procedures to 
manage risks effectively including threads related to Artificial Intelligence 
and Cloud environment. As a result, this paper provides new insight and 
recommendations that should be considered in the Moroccan context, to 
assist companies in implementing ISMS and achieving the ISO/IEC 27001 
certification. 
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ABSTRACT: The business relies on a combination of resources to 
successfully operate. These resources are of different natures: financial [1], 
human [2], technological and technical [3], [4], and information [5], [6]. The 
company's goal is to ensure the proper functioning of its activities while 
maintaining a balanced flow between these resources. This forces the 
company's managers to create a structure capable of controlling, developing, 
and managing these resources. The Supply Chain (SC) represents the 
structure that combines the resources of the company within a chained 
framework [7] It is a factor that connects these resources to ensure the 
business's operation [8]. In this process, information occupies a predominant 
place. The flow of information pushes the company to instantly implement 
strategic and operational measures [9], capable of adapting to financial and 
procedural changes. Our interest consists in understanding the level of 
importance of this factor within a SC by analyzing an extreme structure 
characterized by the dysfunction of the flow of information, namely: the 
situation of information asymmetry. 
We used a Principal Component Analysis (PCA) factor analysis to measure 
the impact of information asymmetry on the SC's resilience as part of a 
questionnaire sent to 78 Moroccan business managers. The results showed 
statistical significance in terms of the presence of information, in particular 
"business information" and the operation of the SC. We concluded that the 
information was significant. 
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ABSTRACT: The education system has always been a favourite subject of 
study. This can be explained, among other things, by the multitude of 
disciplines interested in it: from sociology to economics, including 
geography, demography and computer science. Several topics for study on 
the education system emerge. 
And its modelling has given rise to different studies concerning different 
disciplines. In this paper, we propose a review of the various works on the 
modelling of the educational system by focusing on the subjects of study as 
well as the modelling approaches. Modelling the education system is a 
challenge for the researchers. The interest drawn is the will of the 
researchers to use the best system modelling approach. In view of the 
challenges of the education system in many countries, mathematical, spatial 
or agent-based approaches have made it possible to answer various research 
questions and assist decision makers. 
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ABSTRACT: Tuberculosis remains a significant public health issue, and 
addressing multidrug-resistant (MDR) and extensively drug-resistant (XDR) 
strains is a critical global health priority. Resistance primarily results from 
mutations in genes related to drug targets or enzyme conversions, though our 
understanding of these mutations is still incomplete. Whole-genome 
sequencing (WGS) has become a prevalent method for rapidly characterizing 
bacterial isolates and detecting mutations associated with drug resistance. 
Despite its widespread use, WGS has limitations, particularly in accounting 
for the evolutionary aspects of resistance. Conversely, machine learning 
techniques have shown great promise in predicting Mycobacterium 
tuberculosis (MTB) resistance to specific drugs and in identifying resistance 
markers efficiently. In this study, machine learning models were applied to a 
dataset of 28,073 MTB isolates, which had undergone both WGS analysis 
and laboratory-based drug susceptibility testing (DST) for ten 
antituberculosis drugs. Advanced boosting algorithms, including extreme 
gradient boosting (XGBoost), light gradient boosting machine (LightGBM), 
and a novel deep neural network model, were employed to forecast drug 
resistance. Separate models were constructed for each drug, using the 10 
most impactful feature classes as input variables during the training phase to 
optimize performance. The effectiveness of the models was evaluated using 
various metrics, such as sensitivity, specificity, F1 score, receiver operating 
characteristic (ROC) curve, and the area under the curve (AUC). All three 
models accurately predicted drug resistance, with the deep learning model 
outperforming existing methods. AUC values for nine drugs ranged from 
0.97 to 0.99, demonstrating model robustness.  This study underscores the 
utility of machine learning for drug resistance prediction, effectively 
integrating multiple predictors and aiding clinical decision-making while 
improving SNP detection as WGS data increases.  
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ABSTRACT: In this study, we introduced and tested a new SVM kernel, 
which we termed the "periodic linear kernel." The results obtained using 
evaluation metrics such as accuracy demonstrate that this kernel offers 
competitive performance compared to traditional kernels. While these 
findings are promising, they are based on a limited dataset. Additional 
research on larger and more diverse datasets is needed to confirm the 
generalizability of these results. These findings pave the way for future 
research on optimizing the periodic kernel and applying it to other types of 
medical data, with the goal of improving diagnostic tools and clinical 
decision-making. Furthermore, additional studies could expand its use to 
fields such as finance, image processing, and natural language processing, to 
address various classification and prediction challenges. 
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ABSTRACT: Artificial intelligence technology (AI) has significantly 
advanced the field of epidemiology. During COVID-19 pandemic, multiple 
researches have employed machine learning (ML) and deep learning (DL) in 
the early detection, monitoring, future outbreaks prediction and drugs and 
vaccines development. But the real implementation of AI in healthcare 
institutions still very limited except for few applications such as screening 
body temperature using thermal cameras at the entrances of public places. 
The reason behind this limitation is the ―black-box‖ nature of AI algorithms. 
Explainable AI (XAI) addresses this issue by explaining the decisions made 
by the algorithm. In this review, we introduce mathematical epidemiology 
and summarize the history and subfields of AI in addition to its applications 
in fighting pandemics. Furthermore, we highlight the added value of XAI in 
predicting and managing infectious diseases. 
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ABSTRACT: This paper presents a new intrusion detection system using 
Conditional Tabular Generative Adversarial Networks (CTGAN) with 
Consistency-based feature selection (CON) on the CIC-IDS2018 dataset. 
The performance of CTGAN-generated balanced data was compared with 
traditional oversampling methods like SMOTE and ADASYN. A mix of 
synthetic and real data, in varying proportions, was then used to train and 
evaluate the effectiveness of Random Forest (RF), XGBoost (XGB), 
LightGBM (LGBM), and Deep Neural Networks (DNN) in detecting 
network intrusions. Our XGB classifier with CTGANgenerated data 
outperformed other methods with 99.99% accuracy, recall, and kappa, using 
only 13 of 81 features. At least 70% synthetic data is needed to maintain 
optimal performance. 
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ABSTRACT: The Internet of Things (IoT) encompasses billions of internet-
connected devices that function with little human intervention. The reliance 
on user data for automation exposes IoT networks to cyber threats, including 
theft and manipulation of personally identifiable information. As a result, 
there is a growing focus on utilizing deep learning (DL) methods to develop 
intrusion detection systems (IDS). Many DL-based IDS rely on centralized 
methods, requiring IoT devices to send data to data centers for analysis. To 
address privacy issues linked to these centralized methods, the adoption of 
Federated Learning (FL) has gained considerable attention across various 
sectors in recent years. This research meticulously evaluates FL 
configurations that utilize a dense neural network (DNN) as the base model, 
incorporating two types of aggregation servers (FedAVG and FedSGD), 
across three different device counts (5, 15, and 30), and with two data setups 
(raw and balanced). The analysis was performed on the NF-ToN-IoT-v2 
dataset employing the ScottKnott test and Borda Count method. In this 
research, we evaluated 12 FL setups. Our findings revealed that the FedAVG 
method excels at aggregating models to detect attacks within FL 
environments. Notably, combining FedAVG with raw data from five devices 
significantly enhances FL model efficiency, outperforming all other 
configurations tested. 
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ABSTRACT: Breast cancer is a prevalent form of cancer among women 
worldwide, being a significant contributor to mortality rates. Early detection 
plays a key role in diagnosis and treatment, ultimately reducing mortality. 
This study aims to investigate the impact of employing transfer learning on 
breast mass segmentation in mammography images using U-Net, a fully 
convolutional neural network that is renowned for its robustness in 
biomedical images segmentation. Its effectiveness lies in the use of and 
encoder-decoder architecture to capture coarse and fine details and skip 
connections as an attention mechanism. In this paper we leverage and 
compare different pre-trained models such as ResNet, DenseNet, MobileNet, 
Inception, and EfficientNet, accessible in Keras, to serve as the encoder 
component of U-Net. The segmentation models were trained and evaluated 
on the INbreast mammographic dataset, comprising original and annotated 
mammography images. The methodology involved either training the model 
from scratch or employing transfer learning. Both segmentation models were 
trained using two loss functions, the Jaccard distance, and the Dice Loss. 
Results indicate that both U-Net and ResNet-Unet are particularly suited for 
breast mass segmentation and that transfer learning is unreliable when used 
in the specific domain of mass segmentation. 
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ABSTRACT: From science, economy to society, rank aggregation is 
everywhere. Given its enormous implications, some users have a strong 
incentive to collude to disrupt the aggregated ranking. A natural question 
that arises is whether rank aggregation methods are robust to collusive 
disturbance. This study introduces an analytical framework that can generate 
rankings with collusive disturbance and observe how rank aggregation 
methods respond to test their robustness. Within this framework, we discuss 
the performance of six common rank aggregation methods and conclude that 
it effectively compares the robustness of rank aggregation to collusive 
disturbance. Moreover, it is found that rank aggregation methods may 
perform very differently to collusive than individual disturbance. 
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ABSTRACT: Species distribution models (SDMs), also called habitat 
suitability models, are generally utilized in ecology for various tasks such as 
habitat evaluation, species preservation, and developing evolutionary 
perspectives by predicting species distributions. These models provide 
important perspectives on both the ecological and evolutionary aspects of the 
field. The goal of feature selection (FS) is to identify key interrelated 
features or remove irrelevant and redundant ones, thus minimizing model 
complexity, lowering storage requirements, improving the interpretability of 
the final model, and sometimes boosting performance. This study seeks to 
identify the most efficient feature selection technique for predicting the 
distribution of three bird species by comparing six different wrapper 
methods, evaluated across four classifiers: Random Forest (RF), LightGBM, 
Decision Tree (DT), and Support Vector Machine (SVM). The empirical 
analysis incorporates various methods, including 5-fold cross-validation, the 
Scott-Knott statistical test, and the Borda Count voting method. 
Additionally, three performance metrics were utilized: F1-score, Kappa, and 
accuracy. Experiments revealed that when comparing the wrappers, 
Sequential Feature Selector (SFS) gave satisfactory results when using RF 
and DT except for LGBM and SVM where Permutation Importance (PI) and 
Shapley Additive Explanations (Shap) were the best, respectively. 
Furthermore, Precipitation of wettest quarter, Temperature seasonality, 
Isothermally, and Precipitation of coldest quarter were the most relevant 
features for predicting species distribution. 
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ABSTRACT: In the current recruitment industry, selecting the most suitable 
candidate from a large pool of resumes within a limited time frame presents 
a significant challenge. Traditional information retrieval techniques often fall 
short in meeting the needs of both job seekers and employers. This paper 
aims to optimize the recruitment process in the Moroccan job market by 
leveraging natural language processing (NLP) and deep learning to automate 
and enhance the matching process. The proposed framework, evaluated on a 
dataset of 325 job descriptions and tested on 30 LinkedIn job descriptions, 
demonstrated that the combined Named Entity Recognition (NER) and Part-
of-Speech (POS) model achieved a precision of 0.96 and a recall of 0.88, 
outperforming the standalone NER model. The use of implicit skills 
detection further improved the relevance of CV recommendations, resulting 
in more accurate and efficient candidate selection. 
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ABSTRACT: The growing energy demands within community microgrids 
and smart villages present significant challenges, especially due to their 
limited connectivity to centralized power grids. In particular, the 
development of recent ambitious plans to modernize and grow the 
agricultural sector, with the aim of ensuring food security, greatly increases 
energy and water needs. In MGFARM project, we are aiming to develop a 
Hardware/Software platform that allows seamless interconnection between 
microgrids (e.g., neighboring farms), e.g., the excess produced energy might 
be shared by neighboring farms. This paper presents a Blockchain-based IoT 
platform designed to address the energy management challenges within 
community microgrids, particularly in smart farming and village contexts. 
By integrating Blockchain technology with IoT, the proposed platform offers 
a secure and decentralized approach to energy sharing, enhancing both 
transparency and operational efficiency. Moreover, it enables transparent 
and equitable energy distribution among stakeholders, promoting 
sustainability and resilience in agricultural settings. By leveraging 
collaborative approaches, this research addresses key challenges in 
decentralized energy sharing, including trust establishment and efficient 
resource management. This study shed further light on the effectiveness of 
IoT and Blockchain technologies in enhancing operational efficiency while 
fostering a culture of shared responsibility within the community microgrid 
environment. 
 
KEYWORDS: Blockchains, Internet of Things, Smart agriculture, Energy 
exchange, Microgrids, Energy Management, Smart contracts 
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ABSTRACT: Optimizing energy costs in Smart Grids is a critical task to 
meet increasing energy demands and efficiently integrate renewable sources 
into the grid. This paper explores the application of reinforcement learning, 
specifically Deep Reinforcement Learning (DRL), to enhance energy 
efficiency and reduce energy costs. Utilizing Deep Q-Learning algorithms, 
we demonstrate how this framework offers an effective model able to learn 
the optimal policy for selecting the best actions in a nonstationary 
environment. The results indicate that the Deep QLearning algorithm 
effectively decreases energy costs by optimally managing existing energy 
sources and minimizing losses. The performance of the proposed model is 
evaluated and compared with simpler baseline algorithms. The comparison 
in terms of accuracy and computation time reveals a significant advantage of 
using the Deep Q-Learning algorithm. Additionally, we discuss insights into 
the benefits and challenges of applying reinforcement learning to smart grid 
problems, providing guidance for future research. 
 
 
 
 
 
 
KEYWORDS: Energy cost optimization, Smart grids, Reinforcement learning, 
Deep Reinforcement Learning (DRL), QLearning,Deep Q-Learning 
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ABSTRACT: The electrification of the transportation sector, via the 
integration of battery electric-powered vehicles (BEV), is one of the 
solutions, which could help in reducing greenhouse gas (GHG) emission. 
Smart charging techniques with bidirectional flow, in which the electric 
power can flow back and forth (i.e., V2G and G2V) from/into the grid 
according the peak hours have been recently proposed for improving power 
quality and regulating frequency/voltage of the utility grid. In this paper, we 
aim to develop a blockchain-based IoT platform for peer-to-peer energy 
trading between BEV and smart buildings management systems in the 
context of home healthcare by using Hyperledger Besu; a private network 
based on Ethereum with the use of its consensus algorithm Clique. The 
developed platform’s prototype made a success transactions of energy 
trading which makes renewable energy available to everyone. Moreover, the 
concrete implementation of consensus, transaction record layout, and self-
implemented smart contracts make Hyperledger Besu a green framework for 
implementing the proposed blockchain-IoT system. 
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ABSTRACT: Energy Management Systems (EMS) are pivotal in 
optimizing the performance and efficiency of battery electric vehicles 
(BEVs) by intelligently distributing power within the vehicle’s components. 
This work aims to design an EMS approach utilizing a dynamic coefficient 
controlled by a Fuzzy Logic Controller (FLC) to manage the energy 
distribution of the propulsion systems based on driving conditions and 
vehicle demands. The FLC operates on six critical input variables—vehicle 
velocity, state of charge (SOC), road slope, ambient temperature, vehicle 
weight, and driving mode—to adaptively modulate the energy supplied to 
the electric motor. Validation of this EMS through real-world data 
demonstrates the FLC’s capability to significantly enhance electric vehicle 
efficiency and responsiveness across various operational conditions. 
 
 
 
 
 
 
KEYWORDS: Electric vehicles, fuzzy logic controller, state of charge, 
coefficient determination, real-word driving data. 
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ABSTRACT: Lighting system in commercial and residential buildings 
constitutes a major source of the world energy consumption. Optimizing 
energy efficiency through lighting management requires an optimal control 
strategy in order to balance daylighting requirements while maintaining 
visual comfort in illuminated spaces. This paper introduces an intelligent 
control approach for lighting and shading system by optimizing operation 
modes and balancing between them while providing constant illuminance 
with a maximum visual comfort. In a reallab environment, a prototype for 
lighting and shading system was tested and implemented, leveraging Internet 
of Things (IoT) and Artificial Intelligence (AI) technologies for operation 
and management. AI techniques are integrated to enable a smart 
coordination between lighting and shading systems in order to maintain the 
required light level. To validate the proposed approach, experiments were 
carried out, and the results demonstrated the solution’s effectiveness by 
maintaining the ideal level of lighting with efficient consumption. In fact, the 
proposed control is capable of optimizing energy consumption by more than 
45% compared to a normal lighting operation while maintaining occupants’ 
visual comfort within a suitable illuminance. 
 
 
KEYWORDS: Lighting Control, Shading Control, Energy Efficiency, Internet 
of Things, Artificial Intelligence, visual comfort. 
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ABSTRACT: The complexity of modern manufacturing systems 
necessitates advanced control programs, yet traditional heuristic and formal 
methods are hindered by being error-prone, time-consuming, and complex. 
This paper proposes an AIdriven approach to automate control program 
development for Cyber-Physical Manufacturing Systems (CPMS). Using 
Natural Language Processing (NLP), our system converts user-defined 
natural language requirements into executable control code. We developed 
the AutoFactory dataset using Large Language Models (LLMs) to capture 
diverse manufacturing requirements. We finetuned the BERT model to 
accurately extract key components such as actuators, sensors, and pre-
actuators from these specifications. Our approach aims to fully automate the 
transition from informal requirements to formal control programs, 
significantly reducing the need for manual intervention and minimizing 
human error. Future work includes developing a library of code for each 
component, enabling automatic code generation without requiring prior 
experience with PLC programming languages. This method leverages the 
speed and efficiency of computers to generate accurate control code swiftly, 
democratizing control program development and paving the way for more 
efficient, reliable, and scalable manufacturing systems. 
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ABSTRACT: This article presents a robust adaptive controller for the roll, 
pitch, and yaw angles of a fixed-wing UAV. The controller ensures 
robustness against external disturbances by employing a time-independent 
and nonsingular sliding mode controller with variable exponents in the 
sliding variables. Adaptive terms are incorporated into the control laws to 
estimate upper bounds of the model uncertainties, while the unknown 
dynamics are approximated using adaptive interval type-3 fuzzy systems 
(IT3 FSs). Fixed-time convergence of tracking errors and boundedness of all 
closed-loop signals are proven through theoretical analysis. 
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ABSTRACT: This research investigates advanced morphing skin 
technologies for aerospace applications, with a particular focus on 
leveraging the unique properties of graphene. Morphing aircraft require wing 
skins that are both flexible and capable of withstanding aerodynamic forces. 
Traditional materials often fall short in achieving the necessary balance 
between stiffness and deformability. Our study explores the potential of 
graphene, known for its exceptional mechanical strength, thermal 
conductivity, and electrical properties, as a transformative material for 
morphing skins. Using molecular dynamics simulations through LAMMPS, 
we examine graphene's response to various mechanical and thermal loads, 
demonstrating its suitability for real-time adaptive morphing structures. The 
findings suggest that graphene not only meets but exceeds the performance 
requirements for morphing wing applications, offering a promising path 
forward for future aerospace engineering advancements. 
 
 
 
 
 
 
 
 
KEYWORDS: Morphing wing; Flexible skin; 2D Graphen. 

 

 



48 2024  World Conference on Complex Systems (WCCS)  
 

979-8-3315-1913-1/24/$31.00 ©2024 IEEE 
 

Exploring the impact of industry 4.0 

technologies on logistics  

 

Hmamou Yahya, Chafi Anas , Kammouri Alami Salaheddine 

laboratory of industrial techniques, faculty of science and technology, sidi 

mohammed ben abdellah university Fez, Morocco 

(yahya.hmamou@usmba.ac.ma ) 

 

 
ABSTRACT: This article explores the breakthroughs in technology that 
underpin Logistics 4.0 and how they are revolutionizing important supply 
chain management procedures. The purpose of the study is to determine the 
possible advantages and ramifications of key technologies like artificial 
intelligence (AI), big data, and the internet of things (IoT) for contemporary 
logistics processes. It also explores the difficulties that arise in the process of 
implementing and adopting these technologies, providing answers that could 
help make the shift to this new era of digital logistics easier and more 
efficient. 
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ABSTRACT: The optimization of emergency relief materials 
scheduling(ERMS) is a challenging decision-making issue in the aftermath 
of natural disasters. To enhance the efficiency of emergency relief 
materials(ERMs) and improve the satisfaction of disaster victims, this paper 
analyzes the process of ERMS optimization in detail based on actual 
conditions. Based on a multi-layer optimization strategy, an optimization 
model for ERMS with the goal of minimizing time urgency is established, 
and a genetic algorithm(GA) based on a global search strategy is designed to 
obtain an ERMS plan based on the multi-layer optimization strategy. 
Subsequently, a comparative experiment under a single layer is designed, 
and the analysis reveals that the proposed GA based on the global search 
strategy can provide a more time-efficient and efficient ERMS plan while 
satisfying constraints. 
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ABSTRACT: The success of any project depends heavily on effective 
project management. By implementing best practices in project 
management, organizations can improve project outcomes, streamline 
operations, minimize risks, and achieve better results and KPIs. This 
involves practices such as tracking costs, managing risks and resources, and 
optimizing time management. This paper introduces a new plugin 
specifically designed to address the challenges of time tracking and cost 
management for organizations using Jira for their software projects. The 
developed plugin enables the organization to save costs by replacing the paid 
solution they previously used, and it offers more functionality adapted to 
their needs. To ensure its effectiveness and usability, the plugin was 
evaluated through a questionnaire designed for managers and team members 
within the organization. This research provides valuable insights for 
organizations seeking to enhance their project management practices and 
who want to develop their own plugin.. 
 
KEYWORDS: management, software development, Jira, custom plugin, time 
tracking. 
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ABSTRACT: Precision healthcare has advanced with the introduction of 
Field Programmable Gate Arrays for real-time ECG signal processing. The 
potential of FPGA-based acceleration of deep learning to increase diagnostic 
efficiency and accuracy for ECG signal classification is discussed. The paper 
summarizes current techniques and implementations based on state-of-theart 
deep learning architectures, including Convolutional Neural Networks, 
which have shown notable improvements in computing efficiency and 
accuracy in classification when implemented on FPGA systems. In addition, 
a comparative analysis of experimental results is provided in the research so 
as to illustrate the generalizability and robustness of a variety of deep 
learning models. A comparative analysis of performance by categorization 
technologies shows the relative benefits of FPGA-based solutions regarding 
speed, accuracy, and resource efficiency 
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ABSTRACT: The swift advancement of software-defined networking 
(SDN) has resulted in its extensive adoption in enterprise networks. 
Software-defined networking (SDN) enables network administrators to 
oversee and control network resources with flexibility and a centralized 
approach. The security of Software- Defined Networking infrastructure is 
very important due to its vulnerability to many types of assaults. The 
primary methods for undermining SDN systems are Man-in-the-Middle 
(MITM) attacks and Distributed Denial of Service (DDoS) assaults. This 
study seeks to evaluate the network security mechanisms within the SDN 
infrastructure by analyzing SDN-based security solutions. Furthermore, it 
will examine the principal security solution for all tiers and interfaces of the 
SDN architecture. Finally, the report outlines the outstanding challenges and 
future research in this field. This paper is a crucial resource for researchers 
and security professionals aiming to further their understanding of security 
threats and challenges in SDN networks, as well as to formulate effective 
security solutions for these networks. 
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ABSTRACT: Mechanical failure detection is an important subject in the 
field of predictive maintenance. In this paper, we focus on the detection of 
an asynchronous motor malfunction by a Frequency-Modulated Continuous 
Wave (FMCW) radar using Machine Learning (ML) algorithms. We propose 
an experimental set-up that will enable us to acquire data from the radar 
while the motor is running. Two scenarios are proposed. The first in normal 
motor operation. The second in the presence of a bearing malfunction. We 
then acquire the dataset, and train our ML models. We find the best accuracy 
results for LSTM and ResNet, at 93.41% and 93.2% respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
KEYWORDS: mmWave, radar, FMCW, Deep Learning, mechanical failure, 
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ABSTRACT: In this paper, we present a fault detection system for electric 
lighting networks based on Mamdani inference. The system developed is 
capable of detecting two types of faults: the power fault and the lighting 
fault. A power fault is identified when the electrical energy generated by the 
controller, which regulates lighting according to road flow and cloud cover, 
is insufficient to meet the needs of these parameters. On the other hand, a 
lighting fault is detected when there is an absence of light despite sufficient 
electrical power. The system was tested on Matlab/Simulink using real road 
flow and cloud cover data. The results show a high probability of detection, 
reaching 84.63% for power faults and 85.89% for lighting faults, proving the 
effectiveness of our approach for the monitoring and maintenance of electric 
lighting networks. This system offers a promising solution for improving the 
management of lighting networks by detecting faults early and accurately, 
which could help optimize energy efficiency and reduce maintenance costs 
for urban infrastructures.  
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ABSTRACT: This paper addressed the motion planning problem (MPP) for 
a 1-D wave equation with boundary control. Our approach utilizes advanced 
control methods, such as semigroup theory and the Laplace transform, to 
determine a control that ensures the state output accurately follows a 
predefined target trajectory (sufficiently smooth) at every moment. Initially, 
we derive a boundary state-feedback law to solve the MPP. Subsequently, 
we present a detailed expression for the whole state of the resulting closed-
loop system, providing a detailed formula for the MP control, expressed in 
terms of the target trajectory. 
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ABSTRACT: This study explores running times of different ways to 
program cellular automata in C and C++, i.e. looping through arrays by 
different means, the effect of structures and objects, and the choice of data 
structure (array versus vector in C++) and compiler (GNU gcc versus Apple 
clang). The choice of data structure influenced the running time the most. 
The array version is more than 20-times faster than the vector version in 
C++. The choice of compiler also had an effect, with the GNU gcc compiler 
delivering 1.7-times faster programs as compared to the Apple clang 
compiler. Using pointers instead of array indices, using  C instead of C++, 
and using structures and objects instead of primitive data types has little to 
neglectable effects on the running time. The study shows that using arrays 
and looping over them by index in C++ and compiled with GNU gcc reveals 
the best performance with respect to running time. If one is interested in 
multi-state cellular automata, objects can be used without loss of that 
performance. Future studies might investigate Apple’s Metal shader or 
compiler optimisation. 
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ABSTRACT: Due to machine failures and material defects, rework is a 
common phenomenon in manufacturing systems. With the improvement in 
the precision of inspection instruments and processing techniques, 
workpieces may be sent back to different machines for rework. In these 
rework systems, how to manage the trade-off between the cost and the 
performance is a critic challenge. To end this, we have provided a detailed 
description of such systems, called production systems with multiple rework 
paths. Furthermore, a multi-objective optimization model aiming to 
minimize costs and average completion time is proposed. Then, a Multi-path 
Rework Simulation Optimization Framework based on NSGA-II (MRSOF-
NSGA-II) is proposed, where simulation system is worked as the fitness of 
the NSGA-II and NSGA-II identifies the Pareto front through a search 
process. Finally, experiments are conducted to obtain the Pareto frontier of 
costs and average completion time, and explore the impact of workpiece 
arrival rates, buffer capacities, and rework probabilities on system 
performance. The results show that, with limited buffer capacity, a higher 
rework probability significantly reduces the system performance. 
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ABSTRACT: Injection molding is one of the most appealing advanced 
manufacturing technologies for producing complexshaped parts with 
superior properties. The advantage of injection molding simulation lies in its 
cost-effectiveness and time efficiency, as it helps prevent issues at the design 
stage rather than addressing them during production. Several defects can 
occur, such as sink marks, short shots, or warping. Consequently, a poor 
understanding of how injection parameters influence the formation of these 
defects continues to limit the widespread use of this process in industry 
today. The main objective of this paper is to digitally simulate the injection 
process within a mold cavity of complex shape. To achieve this, properties 
such as viscosity, specific heat, density, and thermal conductivity were 
characterized. The position of the injection gate and the design of the part 
were modified to minimize air traps and warpage. These changes were then 
implemented in the Moldex3D simulation software to simulate various 
parameters using the finite element method (FEM), including the filling 
time, shear rate, viscosity, and volumetric shrinkage. The outcomes in terms 
of packing, warpage, and filling are satisfactory. This study aims to enhance 
part quality by simulating several gate locations on the same model and 
evaluating their impact on fill patterns and part quality. The research makes 
the following contributions: monitoring each gate’s flow rate analysis; 
finding areas with air traps, warpage, and weld lines; strengthening the 
plastic part’s rigidity. 
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59 2024  World Conference on Complex Systems (WCCS)  
 

979-8-3315-1913-1/24/$31.00 ©2024 IEEE 
 

Parallel implementation of Gaussian 

mixture model background subtraction on 

Jetson Nano 

 

Smail Bariko
1
, Abdessamad Klilou

2
, Abdelouahed Abounada

1
, 

Assia Arsalane 
3
 

 
1. Laboratory of Automation and Energy Conversion Team (EACE) Faculty of 

Sciences and Techniques,University of Sultan Moulay Slimane Béni Mellal, 

Morocco 

(bariko_smail@yahoo.fr) 

2. Laboratory of Microelectronic, Embedded Systems and Telecommunications 

Team (MiSET)Faculty of Sciences and Techniques,University of Sultan Moulay 

Slimane Béni Mellal, Morocco 

3. Laboratory of Engineering and Applied Technologies, High School of 

Technologies, University of Sultan Moulay Slimane Beni Mellal, Morocco 

 

 
ABSTRACT: Background subtraction (BS) is an essential component in 
numerous video processing tasks, including object tracking and recognition. 
The Gaussian Mixture Model (GMM) is one of the most popular techniques 
for BS, but it’s highly computationally demanding. This paper addresses this 
challenge by proposing a parallel implementation of GMM on Jetson Nano's 
quad-core ARM CPU. We leverage Open Multi-Processing (OpenMP) for 
efficient parallelization and evaluate the performance using various 
scheduling approaches, including static, dynamic, guided scheduling, and 
orphan directive. Furthermore, we investigate the impact of chunk size on 
parallel efficiency within each scheduling approach. Our evaluation 
demonstrates significant improvements in processing speed, particularly for 
high-resolution frames. The parallel efficiency reaches 92.5% for full high-
definition resolution frames and 85% for low-resolution frames, 
respectively. 
 
KEYWORDS: Gaussian Mixture Model; Parallel processing; Background 
subtraction; OpenMP; ARM CPU 
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ABSTRACT: This study investigates the active matter dynamics of 
Escherichia coli bacteria in a polluted fluid environment using computational 
simulation modeling. The key focus is on understanding the interplay 
between individual bacterial flagella propulsion and the collective behavior 
of the bacterial active matter system. The simulation results reveal the 
impact of the fluid's shear-thinning behavior and the importance of 
considering non-Newtonian rheological properties when modeling bacterial 
active matter. The insights gained can inform the design of microfluidic 
devices and contribute to a deeper understanding of the fundamental 
mechanisms underlying bacterial active matter systems. 
 

 

 

 

 

 

 

KEYWORDS: Active matter, E. coli bacteria, emergent collective behaviors, 

self-propulsion, biophysics, flagellum geometry and material properties. 
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ABSTRACT: The integration of embedded systems into the management of  
water resources in Morocco is a technologically advanced solution to the 
problem of water scarcity. Water is a paramount and scanty resource needed 
to sustain ecosystems, human life, and economic development. Embedded 
system integration in Morocco, with a mix of topography and climatic 
conditions, is very important to water management. This research focuses on 
how embedded technologies are used to make water management and usage 
more effective in Morocco. Therefore, embedded system integration adopts 
the latest technology for creative means of monitoring, regulating, and 
improving water distribution and conservation, hence leading toward 
sustainable development and socioeconomic issues created by the water 
scarcity of the region. 
 
 
KEYWORDS: Embedded Systems, Water Resource Management, Water 
Scarcity, Water Conservation, Water Distribution 
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ABSTRACT: Deep learning is a branch of machine learning that aims to 
teach computers to perform tasks that mimic human-like natural abilities. It 
has emerged as a pivotal technology contributing to advancements in the 
healthcare industry. This paper gives a thorough summary of the use of deep 
learning in non-contact heart rate assessment. Heart rate (HR) serves as a 
crucial vital sign for estimating the physiological condition of the body. 
Unlike conventional HR monitors, which typically necessitate skin contact, 
remote photoplethysmography (rPPG) allows for non-contact HR 
measurement by detecting minute variations in skin illumination through a 
video camera. 
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ABSTRACT: The application of AI, or artificial intelligence, offers a novel 
opportunity to advance generative design in a number of mobility-related 
fields. The method allows for the creation of parts to be completed in a 
shorter time frame and has the objective of achieving multiple sustainability 
goals with minimal information provided at the outset. This article will 
present a practical case study of this method on an automotive Engine 
mounting bracket, a complex part that must meet a range of requirements, 
including those related to rigidity, strength; and sustainability. The initial 3D 
model will define the space constraints (design space), operating conditions, 
and objectives to be achieved. These may include, for example, 
improvements in rigidity, lightweighting and fatigue, reductions in CO2 
impact, and improvements in autonomy. The result is a set of designs that 
respect the constraints and maximize the objectives. Subsequently, the 
designer may select the design that is most aligned with their preferences, 
taking into account additional considerations such as manufacturing 
simplicity, or cost. A comparative analysis was conducted between 
generative design and traditional design, which relies on human expertise, 
CAD (computer-aided design) tools, and algorithms. The weight, 
deformation, stress, fatigue, CO2 emissions and self-sufficiency 
performance of the two methods were evaluated. It was found that 
generative design allows for a 30% reduction in the weight of the part 
compared to traditional design, while simultaneously improving its rigidity 
and strength. The total weight reduction of many brackets for the same 
vehicle also results in a decrease in CO2 by 3.5 g/km and an increase in 
autonomy by 2.8 km. 

 

KEYWORDS: Topology optimization; Engine mounting bracket; computer-
aided design; lightweighting; sustainability; retro engineering; FEA; fuel 
consumption 
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