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Igor Mozetič, Jozef Stefan Institute, Slovenia
Alberto P. Munuzuri, University of Santiago de Compostela, Spain
Masayuki Murata, Osaka University, Japan
Tsuyoshi Murata, Tokyo Institute of Technology, Japan
Katarzyna Musial, University of Technology Sydney, Australia
Muaz Niazi, National University of Science and Technology, Pakistan
Alexandre Nicolas, Université Claude Bernard Lyon 1, France
Peter Niemeyer, Leuphana Universität Lüneburg, Germany
Jordi Nin, ESADE, Universitat Ramon Llull, Spain
Rogier Noldus, Ericsson, Netherlands
El Faouzi Nour-Eddin, Université Gustave Eiffel, France
Masaki Ogura, Osaka University, Japan
Oleh Omelchenko, University of Potsdam, Germany
Andrea Omicini, Università di Bologna, Italy
Gergely Palla, ELTE Institute of Physics, Hungary
Pietro Panzarasa, Queen Mary University of London, UK
Fragkiskos Papadopoulos, Cyprus University of Technology, Cyprus
Symeon Papadopoulos, Information Technologies Institute, Greece
Han Woo Park, YeungNam University, South Korea
Juyong Park, Korea Advanced Institute of Science and Technology, South Korea



xiv Organization and Committees

Pierre Parrend, EPITA Strasbourg, France
Philip E. Paré, Purdue University, USA
Leto Peel, Maastricht University, Belgium
Tiago Peixoto, Central European University, Germany
Matjaz Perc, University of Maribor, Slovenia
Anthony Perez, Université d’Orléans, France
Lilia Perfeito, Nova School of Business and Economics, Portugal
Giovanni Petri, CENTAI, Italy
Juergen Pfeffer, Technical University of Munich, Germany
Bruno Pinaud, Université de Bordeaux, France
Flavio Pinheiro, NOVA IMS—Universidade NOVA de Lisboa, Portugal
Clara Pizzuti, National Research Council of Italy (CNR), Italy
Pawel Pralat, Toronto Metropolitan University, Canada
Natasa Przulj, University College London, Spain
Oriol Pujol, University of Barcelona, Spain
Rami Puzis, Ben Gurion University of the Negev, Israel
Christian Quadri, University of Milan, Italy
Filippo Radicchi, Indiana University, USA
Andrea Rapisarda, Università di Catania, Italy
Miguel Rebollo, Universitat Politècnica de València, Spain
Juan Restrepo, University of Colorado Boulder, USA
Pedro Ribeiro, University of Porto, Portugal
Laura Ricci, University of Pisa, Italy
Alessandro Rizzo, Politecnico di Torino, Italy
Fernando Rosas, Imperial College London, UK
Giulio Rossetti, KDD Lab ISTI-CNR, Italy
Fabrice Rossi, Université Paris Dauphine PSL, France
Luca Rossi, IT University of Copenhagen, Denmark
Camille Roth, CNRS, Germany
Celine Rozenblat, University of Lausanne Institut de Géographie, Switzerland
Giancarlo Ruffo, Università degli Studi di Torino, Italy
Iraj Saniee, Bell Labs, Nokia, USA
Francisco C. Santos, Universidade de Lisboa, Portugal
Hiroki Sayama, Binghamton University, USA
Nicolas Schabanel, École Normale Supérieure de Lyon, France
Michael Schaub, RWTH Aachen University, Germany
Maximilian Schich, Professor for Cultural Data Analytics, Estonia
Caterina Scoglio, Kansas State University, USA
Hamida Seba, University Lyon1, France
Emre Sefer, Ozyegin University, Turkey
Santiago Segarra, Rice University, USA
Irene Sendiña-Nadal, Rey Juan Carlos University, Spain
Termeh Shafie, Leibniz Institute for the Social Sciences, Germany
Yilun Shang, Northumbria University, UK
Rajesh Sharma, University of Tartu, Estonia



Organization and Committees xv

Julian Sienkiewicz, Warsaw University of Technology, Poland
Anurag Singh, National Institute of Technology Delhi, India
Tiratha Raj Singh, Jaypee University of Information Technology, India
Rishabh Singhal, Dayalbagh Educational Institute, India
Per Sebastian Skardal, Trinity College, USA
Keith Smith, Nottingham Trent University, UK
Igor Smolyarenko, Brunel University, UK
Zbigniew Smoreda, Orange Labs, France
Annalisa Socievole, National Research Council of Italy (CNR), Italy
Albert Sole, Universitat Oberta de Catalunya, Spain
Sucheta Soundarajan, Syracuse University, USA
Semanur Soyyigit, Kirklareli University, Turkey
Jaya Sreevalsan-Nair, IIIT Bangalore, India
Christoph Stadtfeld, ETH Zurich, Switzerland
Massimo Stella, University of Exeter, UK
Fabian Stephany, University of Oxford, UK
Kashin Sugishita, Tokyo Institute of Technology, Japan
Xiaoqian Sun, Beihang University, China
Xiaoqian Sun, Chinese Academy of Sciences (CAS), China
Bosiljka Tadic, Jozef Stefan Institute, Slovenia
Andrea Tagarelli, DIMES, University of Calabria, Italy
Patrick Taillandier, INRAE/MIAT, France
Kazuhiro Takemoto, Kyushu Institute of Technology, Japan
Frank Takes, Leiden University, Netherlands
Fabien Tarissan, CNRS—ENS Paris-Saclay (ISP), France
Laura Temime, Conservatoire National des Arts et Métiers, France
Claudio Juan Tessone, Universität Zürich, Switzerland
François Théberge, Tutte Institute for Mathematics and Computing, Canada
Michele Tizzoni, ISI Foundation, Italy
Leonardo Torres, Max Planck Institute for Mathematics in the Sciences, Germany
Vincent Antonio Traag, Leiden University, Netherlands
Jan Treur, Vrije Universiteit Amsterdam, Netherlands
Milena Tsvetkova, London School of Economics and Political Science, UK
Liubov Tupikina, Universite de Paris, France
Janos Török, Budapest University of Technology and Economics, Hungary
Stephen Uzzo, New York Hall of Science, USA
Lucas D. Valdez, IFIMAR, Argentina
Pim van der Hoorn, Eindhoven University of Technology, Netherlands
Piet Van Mieghem, Delft University of Technology, Netherlands
Onur Varol, Sabanci University, Turkey
Christian Lyngby Vestergaard, CNRS and Institut Pasteur, France
Johannes Wachs, Central European University, Hungary
Huijuan Wang, Delft University of Technology, Netherlands
Wei Wang, Sichuan University, China
Ingmar Weber, Qatar Computing Research Institute, Qatar



xvi Organization and Committees

Karoline Wiesner, University of Potsdam, Germany
Gordon Wilfong, Nokia Bell Labs, USA
Mateusz Wilinski, Los Alamos National Laboratory, USA
Richard Wilson, University of York, UK
Dirk Witthaut, Forschungszentrum Jülich, Germany
Jinshan Wu, Beijing Normal University, China
Haoxiang Xia, Dalian University of Technology, China
Fei Xiong, Beijing Jiaotong University, China
Xiaoke Xu, Dalian Minzu University, China
Gitanjali Yadav, University of Cambridge, UK
Gang Yan, Tongji University, China
Xiaoran Yan, Zhejiang Lab, China
Ying Ye, Nanjing University, China
Emilio Zagheni, Max Planck Institute for Demographic Research, Germany
An Zeng, Beijing Normal University, China
Yuexia Zhang, Beijing Information Science and Technology University, China
Zi-Ke Zhang, Hangzhou Normal University, China
Matteo Zignani, University of Milan, Italy
Eugenio Zimeo, University of Sannio, Italy
Lorenzo Zino, University of Groningen, Netherlands
Fabiana Zollo, Ca’ Foscari University of Venice, Italy



Preface

The “Università degli Studi di Palermo” in Italy hosts the eleventh edition of
the “International Conference on Complex Networks and Their Applications”
(COMPLEX NETWORKS 2022) from November 8 to November 10, 2022. Every
year, COMPLEX NETWORKS brings together researchers from various scientific
backgrounds to review the field’s current state and formulate new directions. The
diversity of the attendees’ scientific interests (Finance, Medicine and Neuroscience,
Biology and Earth Sciences, Sociology and Politics, Computer Science and Physics,
etc.) is a unique opportunity for crossfertilization between fundamental issues and
innovative applications.

This edition attracted authors from all over the world, with 313 submissions from
54 countries. Each submission has been peer-reviewed by at least three independent
reviewers from the international program committee. The 104 papers included in the
proceedings result from this rigorous selection process.

The quality of the contributors is undoubtedly an essential element for a successful
edition. The success also goes to the keynote speakers. These leaders and visionaries
in their fields present fascinating plenary lectures with big-picture ideas and unique
perspectives to help attendees deepen their understanding of scientific challenges.
We are delighted to bring together this great line-up of speakers.

• Luís A. Nunes Amaral (Northwestern University, USA)
• Manuel Cebrian (Max Planck Institute for Human Development, Germany)
• Shlomo Havlin (Bar-Ilan University, Israel)
• Giulia Iori (City, University of London, UK)
• Melanie Mitchell (Santa Fe Institute, USA)
• Ricard Solé (Universitat Pompeu Fabra, Spain)

Our thanks also go to the speakers of the traditional tutorial sessions for delivering
insightful talks on November 7, 2022.

• Michele Coscia (IT University of Copenhagen, Denmark)
• Adriana Iamnitchi (Maastricht University, Netherlands)

xvii



xviii Preface

The success also relies in the deep involvement of many individuals, institutions,
and sponsors.

We sincerely gratify the advisory board members for inspiring the essence of the
conference:

Jon Crowcroft (University of Cambridge), Raissa D’Souza (University of Cali-
fornia, Davis, USA), Eugene Stanley (Boston University, USA), and Ben Y. Zhao
(University of Chicago, USA)

We record our thanks to our fellow members of the organizing committee:
The lightning sessions chairs:

Alessandro Rizzo (Politechnico di Torino, Italy), Giancarlo Francesco Ruffo
(Università degli Studi di Torino, Italy), and Huijuan Wang (TU Delft, Nether-
lands)

The poster sessions chairs:

Manuel Marques Pita (Universidade Lusófona, Portugal), Michele Tumminello
(Università degli Studi di Palermo, Italy), Laura Ricci (Università degli Studi di
Pisa, Italy)

The tutorial chairs:

Luca Maria Aiello (Nokia Bell Labs, UK) and Leto Peel (Maastricht University,
Netherland)

The special issue chair:

Sabrina Gaito (University of Milan, Italy)

The publicity chairs:

Christophe Cruz (University of Burgundy, France), Xiangjie Kong (Zhejiang
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