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Preface

This volume contains the proceedings of the 2021 Conference on Artificial Life (ALIFE 2021) which was originally scheduled
to be held in Prague (Czech Republic) 19 - 23 July 2021, but because of the covid-19 pandemic and its repercussions, is
being held virtually only. (https://2021.alife.org/). The International Conference on the Synthesis and Simulation of Living
Systems (ALIFE) and the European Conference on Artificial Life (ECAL) have been the major meetings of the artificial
life (ALife) research community since 1987 and 1991, respectively. Currently, these scientific gatherings are supported by
the International Society for Artificial Life (ISAL) - a democratic, international, professional society dedicated to promoting
scientific research and education relating to artificial life, including sponsoring this conference annually, publishing scientific
journals and proceedings, and maintaining web sites related to artificial life.

Prague hosted the ECAL conference in September 2001 and the witnesses say that the team of organizers then, led by
Jozef Kelemen, prepared for the participants a great scientific gathering with several social activities. However, the witnesses
also mentioned that the conference was affected by the September 11 attacks. This historical incident affected not only
the ECAL conference in Prague, but everything across the globe. This year the global external circumstances affected the
Prague ALIFE conference again and even in such a way that the situation did not allow a face-to-face conference in the heart
of Europe at all and the conference had to be switched to the virtual format. The organising committee had to take into
consideration the continued erratic development of the worldwide covid-19 pandemic and the accompanying restrictions on
worldwide travel as well as the safety and health of the ALife community. It was not an easy decision, because the organizers
had amazing plans for how to arrange not only a scientific program in Prague, but also the side events, that would include
visiting of restaurants with Czech cuisine and drinking of good Czech beer, various guided tours related to artificial life
themes and namely going to the theatre to watch the one hundred year old play R.U.R. (subtitled as "Rossum’s Universal
Robots"). In this play, which was premiered in the National Theatre in Prague in Czechoslovakia on 25 January 1921, the
word “robot” was used for the first time, so all the robots celebrate the centenary of their name this year. On this occasion,
the theme of ALIFE 2021 conference is "Robots: The century past and the century ahead", as discussed in the introductory
paper with the same title by the conference chair Jitka Čejková.

Although the 2021 Conference on Artificial Life takes place solely online and requires attendees to focus on a screen for
hours at a time, the organizing committee was working intensively to create a virtual conference that gives as much of a real
conference atmosphere as possible. Besides 9 keynote talks, 27 hours of 6 special sessions, almost 40 hours of 11 workshops,
5 tutorials and 64 talks in parallel sessions, there are also a virtual art gallery, virtual pubs and virtual coffee rooms. The
social program offers the documentary movie Solutions and a THEAITRE project Can a robot write a theatre play? Further,
we have announced a student essay competition this year and we have obtained almost thirty essays related to the artificial
life, artificial intelligence, robots and/or R.U.R..The program offers also a dedicated session 1971-2021: Fifty Years with
Autopoiesis, in memory of Francisco Varela and Humberto Maturana, who passed away this year.

The ALife 2021 Program

We received a total of 158 submissions. All submissions were reviewed by typically three reviewers. Senior program com-
mittee members then performed a topic-wide meta-review to derive acceptance decisions. As a result, we accepted 58 full
papers and 50 extended abstracts for publication.

The conference program this year included:

• Six special sessions:

– Artificial Life and Society, organized by Alex Penn, Jesus Mario Siqueiros Garcia, Olaf Witkowski, Alan Dorin,
Erik Hom, Imran Khan, and Andy Philippides

– Artificial Perception: Machines with Lifelike Failings, organized by Lana Sinapayen, Eiji Watanabe, and Sofian
Audry

– Bio-inspired Approaches for Modular Robotics, organized by Giovanni Iacca, Eric Medvet, and Stefano Nichele

– Complexity ALI[F|V]E: Socializing & Eco-integrating Robots with Living Organisms, organized by Thomas
Schmickl, Donato Romano, Ronald Thenius, and Martin Grube

– Hybrid Life IV: Approaches to Integrate Biological, Artificial and Cognitive Systems, organized by Manuel
Baltieri, Keisuke Suzuki, Hiroyuki Iizuka, Olaf Witkowski, and Lana Sinapayen
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– Illusions of Self: Beyond Human, Animal, and Robot, organized by Olaf Witkowski, Elizaveta Solomonova,
Thomas Doctor, and Bill Duane

• Eleven satellite workshops:

– ABMHuB’21: 3rd International Workshop on Agent-Based Modelling for Human Behaviour, organized by Soo
Ling Lim and Peter J. Bentley

– A(rt)life’21: (Accidental) art from life-like systems, organized by Silvia Holler and Richard Löffler

– COSTWorkshop on Chemobrionics, organized by Jitka Čejková, Geoff Cooper, Erik Hughes, and Tan Phat Huyn

– Developing Artificial Life Web Resources, organized by Emily Dolson

– Emerging Researchers in Artificial Life, organized by Abe Leite, Kira Breithaupt, Austin Ferguson, Alex Lalejini,
and Josheta Srinivasan

– LIFELIKE 2021: Lifelike Computing Systems Workshop, organized by Anthony Stein, Sven Tomforde, Jean
Botev, and Peter Lewis

– OEE4: Open-Ended Evolution 4, organized by Mark Bedau, Norman Packard, Alastair Channon, and Tim Taylor

– Robots for Good, organized by Olaf Witkowski, Alex Penn, Jesus Siqueiros, Imran Khan, Erik Hom, Alan Dorin,
and Andy Philippides

– SLACE 2021: The Fifth Workshop on Social Learning and Cultural Evolution, organized by James M. Borg,
Simon Powers, Chris Marriott, Nathan Brooks, and Peter Andras

– Synthetic Approaches to Biology and Artificial Intelligence: from R.U.R. to contemporary Artificial Life re-
search, organized by Luisa Damiano, Yutetsu Kuruma, and Pasquale Stano

– TEMC 2020: 2nd International Workshop on Theoretical and Experimental Material Computing, organized by
Susan Stepney, Matt Dale, Simon O’Keefe, Angelika Sebald, and Martin Trefzer

• Five tutorials:

– Behavioral and Cognitive Robotics, an adaptive perspective, organized by Stefano Nolfi

– Cartesian Genetic Programming, organized by Julian F. Miller

– Differentiable Self-Organisation, organized by Alexander Mordvintsev, Ettore Randazzo, and Eyvind Niklasson

– Gene Regulatory Networks: Computational Models in Contexts of Morphogenesis and Evolution, organized by
Anyela V Camargo and Jan T Kim

– Open Science Project with Lenia, organized by Bert Chan and Will Cavendish

About the Editors

Jitka Čejková is an Associate Professor at the Laboratory of Chemical Robotics at the University of Chemistry and Tech-
nology in Prague, where she also studied chemical engineering and successfully defended her doctoral degree. Her primary
interests include the investigation of organic droplets with life-like behaviour and recently she proposed to call such droplets
“liquid robots”. On the 100th anniversary of R.U.R., she edited the book Robot 100.

Silvia Holler is a Postdoctoral researcher at the University of Trento, where she completed her bachelor and master
after a 6 months apprentship at the ETH Zurich. She completed her PhD in biotechnology at the University of Trento too.
Her primary interest include chemotactic droplets and protocells, droplet based synthetic biology, DNA labelled droplet
aggregation and chemical gardens.

Lisa Soros is a Postdoctoral Researcher at Cross Labs in Kyoto, Japan. She was previously a Research Associate in the
Game Innovation Lab at New York University, an Assistant Professor of Computer Science at Champlain College and was
more previously a Ph.D. student in the Evolutionary Complexity Research Group at the University of Central Florida. Her
primary interests include open-ended evolution, virtual worlds, and generative systems writ broadly.

Olaf Witkowski is the director of research at Cross Labs, a research institute in machine intelligence, cognitive science,
and artificial life, based in Kyoto, Japan. He co-founded ventures in science and technology on three continents, includ-
ing YHouse in New York– a nonprofit transdisciplinary research institute focused on the origins of consciousness in the
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universe – and the Center for the Study of Apparent Selves in Kathmandu – studying ancient philosophies and AI. He is also
a lecturer at the University of Tokyo, a research scientist at the Tokyo Institute of Technology, and a regular visitor at the
Institute for Advanced Study in Princeton, and is the Industrial Relations Chair of the board of directors of the International
Society for Artificial Life, and he was a Program Chair for the ALIFE 2018 conference ‘Beyond AI’ in Tokyo.
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possible without the help of many people. I (Jitka Čejková) am very happy to write this acknowledgement note on behalf of
the Organising Committee of ALIFE 2021. I would like to start by calling special attention to co-organizers and co-editors
of this proceedings: Silvia Holler, Lisa Soros and Olaf Witkowski. Together, they performed a massive amount of work
on this proceedings, conference program, review process and many other things, even small details. I consider myself so
lucky to work remotely with such hard-working individuals. Although everyone was on the other side of the world, each of
them replied to all of my messages, which could seem to be unimportant for discussion for the others. However, these three
friends always provided a useful feedback. Their continued support and all of the help they provided was invaluable. I never
have to worry about anything being overlooked or the deadline being missed when I worked with them. Their enthusiasm,
never-ending positivity and sense of humor made organising of this conference a pleasure.

Further I would like to thank to all conference co-organisers and the organisers of workshops, special sessions and tu-
torials. I am so grateful to have in the organising committee Richard Löffler and Bára Hudcová, who were responsible for
the workshops and tutorials. I deeply appreciate the work of all members of the art jury and student essay competition jury,
especially their chairs Juan Manuel Castro and (again) Olaf Witkowski.

We wish to thank all of the reviewers and meta-reviewers who contributed to the review process and without whom a
successful conference would not be possible. We thank them for their time, hard work and dedication to this conference. We
appreciate their support and giving the suggestions to both, authors and organisers. Without reviewers’ services the organisers
could not maintain the high standards of artificial life conferences. And of course, we would like to thank all authors who
submitted their papers and extended abstracts to this conference and thanks to them this high quality conference proceedings
originated.

We wish to extend sincerest thanks to the following organisations and all who have directly or indirectly involved in
making this conference a success. First of all the University of Chemistry and Technology in Prague, namely Daniela Šídlová
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