Chapter 3

Science on the Edge of Chaos.
A Pop-up Art-Science
Exhibition on Al

Luc Steels

Papers, books, and presentations are not the only way in which sci-
ence is communicated to other scientists and to the public. This chapter
describes an exhibition highlighting one thread in the historical evolution
of Al, a thread in which notions from biology began to be used extensively
as sources of ideas for advancing the field. It lead to new approaches to
neural networks, the construction of physical animats (simple robots in-
spired by organisms), the exploration of cellular automata as a model for
"visual thinking’, the development of genetic algorithms (the construction
of computer programs inspired by evolution), and more. This develop-
ment arose in the mid-1980s and flourished well into the 1990s under
the title “the Artificial Life Approach to AI” The Artificial Intelligence
Laboratory at the University of Brussels (VUB) played a significant role
in this movement both from a conceptual perspective, from an organiza-
tional perspective by organizing workshops, tutorials, and an influential
Springschool as well as from a technical point of view by building robots
and software tools to demonstrate the value of this approach.

1Steels, L. and R. Brooks (1994) The ‘artificial life’ route to ‘artificial intelligence’.
Building Situated Embodied Agents. Lawrence Erlbaum Ass, New Haven
2Steels, L. (ed) (1995) The Biology and Technology of Intelligent Autonomous
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The pop-up exhibition under the title ‘Science on the edge of chaos’.
The AI Avant-Garde in the 1980’s and 1990s.” was designed and pro-
duced by Luc Steels to trace the historical development of this research
thread. It took place at the Belgian Royal Library (KBR Albertina
Brussels) from 18 December 2023 to 22 December 2023. It was a ma-
jor outcome of the Calewaert chair held by Luc Steels at the VUB in
the year 2024. The exhibition was also supported by the Royal Flemish
Academy of Belgium for Science and the Arts (KVAB) under the title
"Winterse Wetenschap’ (Science in Winter). The short duration was due
to the constraints on the availability of the space, the delicate ancient
books that were on display, and the lack of resources. The exhibition
was located on the ground floor of the Belgian Royal Library in the so
called "Librarium’ and was freely accessible to the public. It was visited
by regular library visitors (the library is a research library for histori-
ans and archivists), people working in the field of AI or other sectors
of information technology, scientists from domains active in the topics
of complex systems, chaos theory, and evolution, as well as the general
public.

The exhibition was announced with the following text:

In the 1980s and 1990s a new wind was blowing in many
sciences, based on the realization that various complex phe-
nomena in Nature can be understood by viewing them as
self-organizing dynamical systems. A new science of complex
systems was born coinciding with profound mathematical de-
velopments in fractal geometry, chaos theory and the study
of large-scale networks .

The pop up exhibition ’Science on the Edge of Chaos’
shows videos of interviews, talks, and panels with the scien-
tists who developed these original ideas and carried out some
of the key experiments. Researchers at the forefront of Arti-
ficial Intelligence and Artificial Life were swept up by these
ideas, leading to a renaissance of neural network research and
highly dynamic, embodied robotic agents inspired by nature.

The exhibition was part of the Calewaert chair at the VUB held by
Luc Steels in the year 2024 and a collaboration between the Royal Flem-
ish Academy for Science and the Arts (KVAB), the VUB AI Lab, and

Agents. NATO ASI Series: Series F, Computer and Systems Sciences, vol. 144,
Berlin: Springer-Verlag.
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the Belgian Royal Library (KBR) which provided the exhibition space
as well as infrastructure sufficiently safe to exhibit precious books, art
works, videos, and robots. The exhibition drew on an 16 hour television
series entitled "Science on the Edge of Chaos’ which Luc Steels had pro-
duced in the 1990s for the Europace distance television network. The
series was also broadcast by the Flemish television broadcaster (BRT).
This series focused on different areas of science and contained lectures
explaining the basic concepts of science, interviews with scientists who
had made major discoveries (including 4 Nobel laureates and many well
known mathematicians and computer scientists such as Benoit Mandel-
brot, David Ruelle, Stuart Kauffman, a.o), and panel discussions that
were broadcast live. The interviews were conducted by Luc Steels and
Bernard Manderick. Part of the exhibition preparation concerned the
digitization of this material. The exhibition also drew on historical sci-
ence books from the remarkable collection of the Belgian Royal Library,
books from the VUB Al Lab library and from private collections, robots
from the VUB Al Lab, and art works by artist Anne-Marie Maes.
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Figure 3.1: Left: Poster of the exhibition. Right: Global layout of the
exhibition. The arrows indicate the flow of visitors through the exhibi-
tion.

The overall plan of the exhibition is shown in Figure There were
seven ’‘sections’. On the left side, after entering the Librarium, there
were first three sections featuring work in physics and chemistry (section
1), physics and mathematics (section 2), and biology (section 3). On the
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right side, there were three sections featuring Neural Networks (section
5), Artificial Life (section 6) and animat robotics (section 7). Between the
two, an area dedicated to art (section 4) acted as a hinge between the ba-
sic sciences (shown in the left side of the exhibition) and how the science
of Al explored the same ideas (shown on the right side). All art works in
the exhibition were provided by Anne Marie Maes, a Brussels artist who
has a deep engagement with the living world (in particular bees, plants
and microbacteria) using not only artistic methods but also the tools and
and technologies offered by science (https://annemariemaes.net/). In
addition to section 4, the art works were distributed in other display
cases throughout the exhibition.

The remainder of this article describes the different sections and their
contents very briefly.

3.1 Section 1: Physics and Chemistry

In the 1950s, chemists discovered that matter may become active in far-
from-equilibrium conditions. Various kinds of structures can emerge,
such as oscillations or geometrical dynamical patterns. They are the
outcome of local interactions between elements but nevertheless give rise
to remarkable global effects. Several groups have been investigating these
phenomena and developed new mathematical tools that lead to a new
understanding of Nature. Omne outstanding group was directed by the
Brussels chemist Ilya Prigogine (Nobel prize 1977) at the ULB in Brus-
sels. This section shows both natural chemical experiments and computer
models of self-organizing systems as well as dialogs with Ilya Prigogine,
Hermann Haken, Heinz-Otto Peitgen and Ian Stewart, and a visualiza-
tion of the fractal formed with the Mandelbrot set. See Figure

Items shown:

1. The strange behavior of matter. Video of a panel discussion
moderated by Luc Steels with Ilya Prigogine, Hermann Haken, Ian
Stewart, Heinz-Otto Peitgen and an intervention by Benoit Man-
delbrot. (see Figure [3.2] right). The panellists focus on the role
of chaos both in the self-organization of material systems far-from-
equilibrium and in solving engineering problems for the control of
complex systems and for the design of compaction algorithms. The

SCIENCE ON THE EDGE OF CHAOS



39 Section 1: Physics and Chemistry

PHYSICS AND
' CHEMISTRY

Links.van mij zit Professa rkieimann)
Haken van de Universiteit van Stutiga

Figure 3.2: Left: Layout of section 1 dedicated to physics and chem-
istry. The numbers refer to different items explained in the text. Right:
Videostill of panel discussion with Ilya Prigogine, Hermann Haken, Ian
Stewart and Luc Steels.

video was recorded in Brussels, 9 December 1995 and broadcast
live by Europace.

2. Mandelbrot Fractal. Dynamic visualization of the fractal shape
of the Mandelbrot set, showing self-similarity by progressive zoom-
ing (see Figure [3.3| left). The set is defined in the complex plane
as the complex numbers for which the function f.(z) = 2% + ¢ does
not diverge to infinity when iterated starting at z = 0 . Source
of the video: https://www.maths.town/. Available also https:
//www . youtube . com/watch?v=pCpLWbHVNhk

3. ”Loin de I’équilibre.” (Far from Equilibrium). Film by Adolphe
Pacault, Christian Vidal, Patrick De Kepper, Anne-Marie Merle
Dorthe, Centre de Recherche Paul Pascal. Talence Cedex, France.
CNRS 161, 1978. Experiments reveal irreversible nonlinear phe-
nomena that can lead to behaviors analogous to living matter. This
is the case with the BR reaction, which can exhibit periodic vari-
ations in its redox potential. Source: https://images.cnrs.fr/
video/161

4. Computer simulation of periodic oscillations in a (modi-
fied) Brusselator. The Brusselator model was proposed by Ilya
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Figure 3.3: Left: Videostill of visualization of the Mandelbrot fractal.
Right: Videostill from the CNRS movie Loin de I'équilibre showing ex-
periments in self-organization in physical media.

Prigogine and his collaborators at the Université Libre de Bruxelles,
to describe an oscillating autocatalyic chemical reaction similar to
the Belousov-Zhabotinsky reaction.

A > X B+X->Y+D
X > E 2X + Y > 3X

The model has been modified in order to allow continuous oper-
ation X — E is replaced by X — B and D — A or B is added
with the choice depending on how many X and Y molecules are
left. The simulation was created by Nils Berglund, Institut Denis
Poisson, UMR 7013 du CNRS, Université d’Orléans, April 2023
Source: https://www.youtube.com/watch?v=WfBaZf4LXuU

5. Ilya Prigogine on irreversibility and the quantum paradox.
Interview with Ilya Prigogine conducted by Luc Steels and Bernard
Manderick and recorded at Prigogine’s office, ULB Brussels, sum-
mer 1994. .Broadcast by the Europace educational network.
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3.2 Section 2: Physics and Mathematics

The study of self-organizing processes requires novel mathematical tools
as extensions of dynamical systems theory and geometry. The tools in-
clude chaos theory and fractal geometry and new concepts such as sensi-
tivity to initial conditions, strange attractors, and self-similar geometric
objects known as fractals.

This section shows first the work of Jacques Laskar on exploring
whether the solar system exhibits chaos and therefore cannot be pre-
dicted the way that Newton or Laplace thought. The section then shows
explanations of some of the most fundamental notions of chaos theory
given by originators of these ideas: David Ruelle, Floris Takens, Yves
Pomeau, Michel Hénon and Benoit Mandelbrot. Finally, this section also
shows the Lorenz attractor and how two very close trajectories deviate
exponentially in the long run. See Figure

Figure 3.4: Left: Layout of Section 2 dedicated to physics and mathe-
matics. Right: Classical works about mechanics and mathematics.

Items shown:

1. Chaos in the solar system. Jacques Laskar explains how the
solar system was viewed for a long time as the prototype of a pre-
dictable deterministic system and how more recently his computer
simulations showed the presence of chaos in planetary movements
https://www.nature.com/articles/338237a0 and why the moon
is important as a stabiliser of the earth’s orbit https://www.nature.
com/articles/361615a0. The video shows a conversation between
Jacques Laskar, Bernard Manderick and Luc Steels recorded at the
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Bureau des Longitudes in Paris, May 1994, and broadcast by the
Europace educational network.

2. History of Ideas: The original 16th-18th century publications of
key figures in research on the solar system are shown with books
from the collection of the Belgian Royal Library: Keppler, Coper-
nicus, Galileo, Newton, Laplace, as well as ground-breaking mathe-

matics books by Simon Stevin. See figure [3.4] right. The following
books were on display:

(a) Epitome astronomiae Copernicanae Kepler, Johannes. Fran-
cofurti impensis Joannis Godefridi Schonwetteri, 1635.

(b) Discorsi e dimostrazioni matematiche, intorno due nuove scienze
attenenti alla mecanica e i movimenti locali, Galileo Galilei.
Leida appresso gli Elsevirii, 1638

(c¢) Philosophiae naturalis principia mathematica. Autore J S.
Newton, Isaac Royal Society of London Londini Jussu Soci-
etatis Regiae ac typis Josephi Streater. Prostat apud plures
bibliopolas 1687.

(d) Exposition du systeme du monde. Pierre Simon de Laplace
Paris Impr. du Cercle social 1796.

(e) Hypomnemata mathematica. A Simone Stevino conscripta,
Belgicoi in Latinum College Saint-Antoine de Padoue. Lug-
duni Batavorum ex Officin Ioannis Patii.1608.

(f) Les Oeuvres Mathematiques de Simon Stevin de Bruges. A
Leyde. CXXXIV.

3. Concepts of Chaos I.
Part A. Sensitivity to Initial Conditions

(a) Video recording of lecture by Luc Steels on the notion of
sensitivity to initial conditions, using the Lorenz equations of
the weather (1961) and a discussion of the different routes to
chaos based on interviews with Daniel Ruelle on phase space
diagrams, and Yves Pomeau. The interviews were conducted
by Luc Steels and Bernard Manderick in Paris, respectively
at the Institut des Hautes Etudes Scientifiques at Bures-sur-
Yvette and at the Ecole normale Superieure in the fifth ar-
rondisement in Paris.
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43 Section 2: Physics and Mathematics

Figure 3.5: One of the display cases showing video recordings of a lecture,
various artistic objects, and classical works on dynamical systems and
chaos theory.

(b) Exhibited Books:

i. Henri Poincaré (1952) Oeuvres. Tome VII. Gauthier-
Villars, Paris. (containing the paper on the three-body
problem).

ii. Ivars Peterson (1993) Newton’s Clock. Chaos in the Solar
System. W.H. Freeman and Cy, New York.
(c) Art works contributed by artist Anne Marie Maes:

i. Four truncated octahedrons (bees wax, gipsum, mycelium).
ii. Cube with 3D-printed connectors.
iii. Sphere / Earth with microbial skin and cephalopod fossils.
iv. Chaotic net 3D-printed in caoutchouc.

Part B. Strange Attractors.

(a) Video lecture: Luc Steels explains the notion of strange
attractors illustrated with interviews with Daniel Ruelle on
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phase space diagrams, Michele Hénon on the Hénon attractor
and Poincaré sections (recorded at the observatoire de Nice),
and Floris Takens on a topological view on chaos (recorded at
the University of Groningen)

(b) Exhibited books:

i. Jean-Pierre Brans, Isabelle Stengers et Philippe Vincke
(1983) Temps et Devenir. A partir de l'oeuvre d’ Ilya
Prigogine. Colloque de Cerisy. Patino, Geneva.

ii. Ilya Prigogine (1996) La Fin des Certitudes. Editions
Odile Jacob, Paris.

iii. Ilya Prigogine and Isabelle Stengers (1984) Order out of
Chaos. Man’s New Dialogue with Nature. Bantam Books,
New York.

iv. David Ruelle (1991) Chance and Chaos. Princeton Uni-
versity Press, Princeton.

4. Concepts of Chaos 11
Part A. Fractals

(a) Video recording of lecture by Luc Steels on fractals and
the relation to strange attractors with interventions by Benoit
Mandelbrot (recorded by Luc Steels in Mandelbrot’s home
near New York). Broadcast by Europace network.

(b) Books:

i. Heinz-Otto Peitgen, Hartmut Juergens and Dietmar Saupe
(1992) Chaos and Fractals. New Frontiers of Science.
Springer-Verlag, Berlin.

ii. Benoit Mandelbrot (1977) Fractals. Form, Chance and
Dimension. W.H. Freeman and Cy. San Francisco

iii. James Gleick (1987) Chaos. Making a New Science. Viking,
New York

iv. Gregoire Nicolis and Ilya Prigogine (1989) Exploring Com-
plexity. An Introduction. W.H. Freeman and Co, New
York

(c) Art works contributed by artist Anne Marie Maes:
i. Large 3D-printed truncated octahedron (yellow)
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ii. 3D-print of a Helianthus annuus-pollen (sunflower pollen)
(white spiky)
iii. Voronoi-modelled 3D-printed skeletons (small and mid-

dle sized) from Intelligent Beehive project by Anne Marie
Maes.

Part B. Non-Linear Dynamics

(a) Video of lecture by mathematician lan Stewart explaining the
foundations of non-linear dynamics and chaos.

Figure 3.6: Left: Display case showing video recordings of lecture by Ian
Stewart, various art works, and classical treatises. Right: Videostill of
unfolding Lorenz attractor.

(b) Books:

i. Jack Cohen and Ian Stewart (1994) The Collapse of Chaos.
Discovering Simplicity in a Complex World. Viking, New
York.

ii. Ian Stewart (1989) Does God Play Dice? The New Math-
ematics of Chaos. Penguin Books, London.

iii. Mitchell Waldrop (1992) Complexity. The Emergent Sci-
ence at the Edge of Order and Chaos. Viking, London.

(c) Art works contributed by artist Anne-Marie Maes:
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i. Four truncated octahedrons (bees wax, gipsum, mycelium).
ii. Cube with 3D-printed connectors.
iii. Sphere / Earth with microbial skin and cephalopod fossils.

iv. Chaotic net 3D-printed in caoutchouc.

(d) Lorenz Attractor Computer simulation of two trajectories for
the Lorenz equations. The system shows sensitivity to ini-
tial conditions and hence unpredictability. This is due to un-
certainty in determining the initial conditions and rounding
errors in calculation. The computer simulation shows sensi-
tivity to initial conditions by showing how the trajectories of

two points that are close to each other diverge more and more
in the long run. See Figure[3.6] right.

3.3 Section 3: Biology

Insights into self-organisation and non-equilibrium complex dynamical
systems started to make major impacts on various areas biology in the
1980s and 1990s. First, for understanding various organisms in the body
that rely on dynamical systems, such as the beating of the heart. Sec-
ond, for understanding the origins of life, in particular, for understand-
ing the conditions for the arrival of the fittest, and these include self-
organisation and emergent behaviors. Third, for understanding pattern
formation during development, such as the formation of the stripes on a
zebra, or the color patches on a butterfly’s wings. They are only very
partially determined by genetic processes. And finally for understanding
the collective behavior of organisms, such as the aggregation of unicellu-
lar organisms into multi-cellular organisms, or the formation of intricate
emergent structures such as honeycombs by bees, dams by beavers, paths
by ants, or swarms by birds.

All these examples were illustrated in section 3 of the exhibition, with
images and videos of scientists studying living systems from the angle of
self-organisation and evolution augmented with classical texts in biology
on the study of animals and plants, and art works. See Figure

1. Chaos in living systems. Self-organizing systems are everywhere
in Biology. After a general introduction by Luc Steels, Agnessa
Babloyantz, a close collaborator of Ilya Prigogine at the ULB, dis-
cusses here with Luc Steels chaotic dynamics in the heart and the
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Figure 3.7: Left: Layout of Section 3 dedicated to biology. Right: video
recording of Luc Steels introducing use of self-organisation in biology,
books on self-organization in biology by Agnessa Babloyantz and Ca-
magzine, et al.

brain. Recorded in Brussels, 1992 and broadcast by Europace. The
display is augmented with recent books about chaos theory in bi-
ology (see Figure right) and artistic works.

Books:
(a) Agnessa Babloyantz (1986) Molecules, Dynamics and Life. An

Introduction to Self-Organization of Matter. John Wiley &
Sons, New York.

(b) Scott Camazine, Jean-Louis Deneubourg, Nigel Franks, James
Sneyd, Guy Theraulaz, Eric Bonabeau. (2001) Self-Organization
in Biological Systems. Princeton Studies in Complexity. Prince-
ton University Press, Princeton.

Art works by Anne Marie Maes:

(a) Cat’s Paw Coral, genus Pocillopora Eydouxi
(b) Handmade snakeskin bio textile prints (algae)

(¢) Sphere with microbial skin inoculated with Lactobacillus plan-
tarum.
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(d) Bubble shaped bio textile from agar agar and green algae,
handmade

2. History of ideas. In the 16th century biologists became focused
on classifying and describing plants, particularly medicinal plants.
Here we see famous works by Rembert Dodoens, Jan Baptist Van
Helmont, Joachim Camerarius, and the encyclopedists, Diderot and
d’Alembert. Rembert Dodoens was a leading botanist working
during the 16th century in Flanders. His Cruydt-boeck (Book of
Herbs) was the largest encyclopedia of plants and their medical use
illustrated with woodblocks.
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Figure 3.8: Cruytdt-boeck (book of herbs) by Rembert Dodoens, pub-
lished in 1644. From the collection of the Belgian Royal Library.

(a) Cruydt-boeck Remberti Dodonaei, volghens sijne laetste ver-
beteringhe: met bijvoeghsels achter elck capitel uyt verschey-
den Cruydt-beschrijvers meest ghetrocken uyt de schriften van
Carolus Clusius : Nu wederom van nieuws oversien ende ver-
betert T’ Antwerpen Inde Plantijnsche Druckerije van Balthasar
Moretus 1644.

(b) Histoire des plantes, en laquelle est contenue la description
entiére des herbes, c’est-a-dire leurs espéces, forme, noms,
tempérament, vertus et opérations: non seulement de celles
qui croissent en ce pais, mais aussi des autres estrangeres qui
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viennent en usage de médecine. Par Rembert Dodoens, nou-
vellement traduite de bas aleman en francois par Charles de
I’Escluse. Dodoens, Rembert Anvers, 1557.

(c¢) De plantis epitome utilissima Petri Andreae Matthioli, novis
iconibus et descriptionibus pluribus nune primum diligenter
aucta Camerarius, Joachim Francofurti ad Moenum, 1586.

3. Manfred Eigen on the origins of life. Manfred Eigen (Nobel

prize 1967) is a chemist and molecular biologist who made major
advances in understanding the origins of life. A video shows a dialog
Luc Steels and Manfred Eigen. Recorded in Milan, September 1994
for Europace. See Figure Biochemist Manfred Eigen discusses
the molecular origins of life and the possibilities of artificial life.

Figure 3.9: Left: Video of conversation between Manfred Eigen and Luc
Steels, books and art works. Right: Art works by Anne Marie Maes.
Cat’s Paw Coral, snakeskin bio textile prints (algae), microbial skin,
Bubble shaped bio textile from agar agar and green algae.

Books:

(a) Manfred Eigen (1992) Gradini verso la vita. L’evoluzione pre-
biotica alla luce della biologia molecolare. Adelphi, Milano

(b) Andreas Wagner (2015) The arrival of the fittest. Solving
Evolution’s greatest puzzle. Penguin Random House, London.

Art works by Anne Marie Maes:

(a) Sugar Kelp (algae), Laminaria saccharina

(b) Sea sponge (under glass)
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(¢) Stony coral belonging to the Acropora genus (collected at isola
di Certosa, Venezia)

4. The self-organisation of Life. Dialog between Christian de
Duve (Belgian Nobel laureate 1974) and Gunther von Kiedrowski.
They talk about progress in attempts to generate life in the lab-
oratory with interventions by Stuart Kauffman and moderated by
Luc Steels. Recorded in Brussels, June 1994 and broadcast by Eu-
ropace. See Figure[3.10]

Figure 3.10: Left: Videostill from a conversation between Christian de
Duve, Gunther von Kiedrowski moderated by Luc Steels, books and art
works by Anne Marie Maes. Right: Page from the 18th century "Ency-
clopédie’ assembled by Diderot and d’Alembert.

Books:
(a) Christian de Duve (1991) Blueprint for a Cell: The Nature
and Origin of Life, Neil Patterson Publishers, Burlington.
(b) John Maynard Smith and Eoérs Szathmary (1995) The Major
Transitions in Evolution. W.H. Freeman, New York.
Art works by Anne Marie Maes:
(a) L” Origine du Monde (glass cells, unicellular). Colonies of
Cyanobacteria in handblown glass cells
(b) Petri dishes with microbial skins, inoculated with a range of

different bacteria that can grow into a bio mat.

5. History of Ideas. Scientists in the 16th and 17th century started
to make careful about animals and catalogued species variation.
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We see some famous examples by Diderot and D’Alembert, van
Helmont, a.o. This display case shows the ”Encyclopédie ou dic-
tionnaire raisonné des sciences, des arts et des métiers (1767) It
is a vast collection of 28 books describing in great detail plants,
animals and technical objects illustrated with stunning drawings.
It was assembled by Denis Diderot en Jean le Rond d’Alembert
and many collaborators. This volume is from the archives of the
Royal Library. The page shows an insect described as ’le pou vu
au microscope’ (a louse seen under a microscope). See Figure
right.

. Do ant colonies live on the edge of chaos? Lecture by Brian

Goodwin on how complexity science and chaos theory help to ex-
plain the formation of patterns in biology. Recorded in Leuven,
1995 for Europace. See Figure|3.11} left.

Books:

(a) Brian Goodwin (1994) How the Leopard Changed its Spots.
The evolution of Complexity. Phoenix Giants, London.

(b) Karl von Frisch (1974) Animal Architectures. Hutchinson,
London.

Art works by Anne Marie Maes:

(a) A cluster of sea snail eggs (collected Lido, Venezia)

(b) Fossil of an extinct family of acanthoceratoid cephalopods
(large and small)

(c¢) Reef building stony coral from the genus Diploria

(d) Turbo marmoratus (Green Turbo shell) is a large species of
marine gastropod (sea snail)

. History of Ideas. Historical work from the 17th century on me-

chanical systems that acted as models of biological systems and
were used to build the first complex automata. The book shown is
the "Theatrum Machinarum in welchem vilerley k unstliche Machi-
nae in vnterschidlichen Kupferstiicken zu sehen ... beneben eigentli-
cher erklerung ... Auch mit vorgehenden grundlichem bericht von
wag vnd Gewicht (von Gwalthero-Herminio Rivio). Leipzig 1607.
It is an encyclopedic overview of such devices intended for engineers
and craftsmen. (See Figure[3.11] right.
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Figure 3.11: Left: Video lecture by Brian Goodwin, books on structure
formation in living systems, and art works by Anne Marie Maes. Right:
A programmable organ including animated puppets driven by hydraulics.

3.4 Section 4: Art works

The beauty of fractal structures and objects created by living systems
through self-organization has for centuries been an important source of
inspiration for artists. The illustrations we find in the earliest books on
plants and animals are among the most remarkable and detailed draw-
ings of such structures. Also more recently, artists working on the bor-
derlines between science and art have been making art works that mimic
self-organizing processes in order to generate novel aesthetic forms or to
make hidden natural behaviors and structures visible. The exhibition
features works from the "Wunderkammer’ of artist Anne Marie Maes.
The artworks are scattered throughout the exhibition and some more ex-
amples are shown in this section, focusing in particular on the collective
behavior of bees and the activities of bacteria while growing skins.

1. Collective building. Video of bees building wax comb on ar-
tificial objects inserted in the hive: a Moebius-strip 3D-printed in
transparent resin and a truncated Octahedron with rose paper. The
paper is removed by the bees.

2. Moebius. A Moebius-strip was printed in 3D (transparent resin)
and put in a beehive. The colony, in full expansion, started to built
wax comb in the 3D-structure. (See Figure(3.13)
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Figure 3.12: Left: Layout of Section 4 dedicated to artworks inspired
by biological organisms and self-organisation. Right: Wunderkammer by
Anne Marie Maes, a collection of art works inspired by the collective
building of bacteria and bees.

3. Wunderkammer. Showing: Microbial Carapax, a skin grown by
bacteria with a template inspired by the backside of an ancient
turtle, video of bees-webcam: a time slice of 24 hours of activity in
a beehive (the bee activity increases with the sunlight and is at its

pinnacle at noon). (See Figure|3.12} right.)

3.5 Section 5: Neuroscience

Since the 1980s, progress in complex systems science and chaos theory
also lead to new ways of thinking about how the brain works. Although
neural networks were already devised in the 1950s and studied in the
1960s and 1970s, it is only in the 1990s that they came back in the
spotlight thanks to increased computer power and renewed attention to
multi-layered networks and reinforcement learning.

This section starts with the original anatomical works by Vesalius
and Palfin from the 16th century that caused a revolution in the study
of the brain, even though nobody could even imagine what that organ
was doing. It then presents a trends in neuroscience pioneered by Fran-
cisco Varela, known as enactivism. The remaining section explains the
foundations of neural networks as it was understood in the 1990s. An
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Figure 3.13: Left: Videostill from bees building waxcomb on a 3D-printed
Moebius strip. Right: End result of the building process.

overview is given in Figure[3.14]

: Espace 6
Bk l] o|

NEUROSCIENCE

Figure 3.14: Left: Layout of Section 5 dedicated to neuroscience. Right:
Videostill from interview with Francesco Varela.

1. History of ideas. The 16th century saw a revolution in anatomy,
including the first realistic depictions of the brain based on dissec-
tions of dead corpses. Shown here are the original works of Vesalius
and Palfin who were leading biologists and medical practitioners at
the dawn of science-based medicine. The model for brain activity
and its impact on the body used the technology of the time was
hydraulics.
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Books: Classic works on anatomy of the brain and the sensory
organs from the archives of the Royal Library.

(a) Andreae Vesalii Bruxellensis. De Humani corporis fabrica libri
septem. Basileae, per loannem Oporinum, 1555

(b) Jan Palfin. Anatomie chirurgicale, ou Description exacte des
parties du corps humain. A Paris chez Guillaume Cavelier,
rue S. Jacques, pres la fontaine S. Severin, au Lys d’or 1734.

(c) Jacques Gautier d’Agoty. Observations sur I'histoire naturelle,
sur la physique et sur la peinture. Avec des planches im-
primées en couleur. Paris Delaguette 1752

(d) Ioan Baptista van Helmont, Mercurio van Helmont. Ortus
medicinae. Id est, Initia physicae inaudita. Progressus medic-
inae novus. In morborum ultionem, ad vitam longam. apud
Iuntas, & Ioan. Iacobum Hertz. 1651

2. Francisco Varela on Enactivism. Francisco Varela is a neuro-
biologist and philosopher which translated ideas on self-organizing
systems into a radically new view on mind and brain that consider-
ably influenced the later development of Artificial Life. The video
records a dialog with Bernard Manderick and Luc Steels recorded
in Brussels, May 1993. (See Figure right.)

Books:

(a) Humberto Maturana and Francisco Varela (1972) Autopoiesis
and Cognition. The Realization of the Living. D. Reidel Pub.,
Dordrecht.

(b) Francisco Varela (1989) Autonomie et Connaissance. Essai
sur le vivant. Seuil, Paris.

(¢) Humberto Maturana and Francisco Varela (1992) The Tree of
Knowledge. The Biological Roots of Human Understanding.
Shambhala, Boston.

3. Multi-layered Neural Networks. The late eighties and nineties
saw a renewed attention to artificial neural networks as a basis
for building Al systems. The videos show Europace lectures by
Francoise Fogelman-Soulié, recorded in Paris, 1990. It explains
multi-layered networks that are the basis for today’s generative Al.
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Figure 3.15: Videostill of visualization of a multi-layered neural network
for categorizing digits.

Video: Francoise Fogelman-Soulié explains the state of the art in
multi-layered neural networks at the end of the 1980s. The basic
principles of deep learning were already known after the pioneering
work of David Rumelhart and David McClelland and the PDP

group in San Diego.
Books:

(a) Rolf Pfeifer, Zoltan Schreter, Francoise Fogelman-Soulié and
Luc Steels (eds) (1989) Connectionism in Perspective. North-
Holland Pub. Co

(b) David Rumelhart, James McClelland and the PDP Research
Group. (1986) Parallel Distributed Processing. Explorations

in the Microstructure of Cognition. Vol 1: Foundations. The
MIT Press, Cambridge Ma.

(¢) Richard Sutton and Andrew G. Barto (1998) Reinforcement
Learning. An introduction. The MIT Press, Cambridge Ma.

4. Pattern recognition with neural networks. Graphic visualiza-
tions of the operation of different types of neural networks (percep-
tron, multi-layered perceptron, spiking networks) for the MINST
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digit recognition task. Animation by Denis Dimitriev. https:
//www . youtube . com/watch?v=3JQ3hYko51Y (See Figure[3.15])

5. Chaos in the brain Conversation between Timothy Leary and
Luc Steels on the chaotic effects of drugs on the brain, recorded at
the Beursschouwburg Brussels, 1994.

Figure 3.16: Left: Luc Steels in conversation with Timothy Leary about
chaos in the brain. Right: Videostill from Game of Life simulation shown
at the exhibition.

3.6 Section 6: Artificial Life

In 1991 Paul Bourgine and Francisco Varela defined Artificial Life thus:
“Artificial Life embodies a recent and important conceptual step in mod-
ern science: asserting that the core of intelligence and cognitive abilities
is the same as the capacity of living. ... What needs to be understood
and characterized is the class of processes that endow living creatures
with their characteristic autonomy, key properties such as viability, ab-
duction and adaptibility. The autonomy of living beings is understood
here both with regards to their actions and to the way in which they
shape their world into significance. This exploration goes hand in hand

with the theory, design, and construction of simple autonomous agents.”
[Proceedings of ECAL, Paris, 1991]

1. Conway’s Game of Life. A cellular automaton consists of a ma-
trix of cells and simple local rules for each cell to change state.
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ARTIFICIAL LIFE ‘-..L/e/'l

Figure 3.17: Left: Layout of Section 6 dedicated to neuroscience. Right:
Ann Nowé (on the right) current director of the VUB Al lab explains the
display on animats and neural networks.

Despite its simplicity cellular automata can show remarkable be-
haviors, such as gliders and even simulate Universal Turing ma-

chines. See Figure [3.16} right.

2. Artificial Life and Real Robots. This video shows first a
general introduction to Artificial Life featuring Rodney Brooks,
Tom Ray, Francesco Mondada, Mark Tilden, Hiroako Kitani, Chris
Langton, John Koza. The second part is a dialog between Chris

Langton and Luc Steels about the objectives and future of Artificial
Life.

3. Robot Ecosystem. In the late 1980s, researchers at the VUB Al
Lab set up an ecosystem in which autonomous Lego vehicles had to
recharge themselves and perform work by pushing against boxes.
The experiment devised in cooperation with ethologist David Mc-
Farland studied issues of autonomy and the learning of collective
behavior.

4. Debate on the limitations of AI. Debate with Roger Penrose,
Maggie Boden, Rolf Pfeifer moderated by Luc Steels. The debate
is centered around Penrose’s panpsychist views on mind (as argued
in his book "The Emperor’s New Mind’) versus the system-oriented
view promoted by Al
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Figure 3.18: Robot ecosystem developed at the VUB Al Lab in the early
1990s. The robots are autonomously operating ‘lego vehicles’. They had
to recharge themselves by sliding in a charging station. This set-up was
used for experiments in self-sufficiency and behavioral learning in an open
environment.

5. Alife in the news. Artificial Life caught the imagination of the
general public. This video shows a number of European television
programs on Artificial Life: VPRO: ’A life in Artificial Intelligence’,
RTBF ‘La Matiéere Grise’, Arte-7: ‘Le Vivant et I’Artificiel’.
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Figure 3.19: Left: Display case showing video interview with Chris Lang-
ton (recorded by Luc Steels at the Santa Fe Institute in New Mexico US in
1994), the famous robot fish built at the VUB Al Lab by Miles Peabody,
and books on animats and the simulation of adaptive behavior. Right:
Walter Van de Velde (former co-director of the VUB Al Lab, shown in
the middle) explains a ’Siamese Twin’ Lego vehicle that he had built
to his daughter. The robot consists of two independent robots linked to
each other and they had to find a way to nevertheless move forward. The
video shows a dialog between Tom Ray and Luc Steels, recorded at the
Santa Fe Institute in 1994.

6. Aibo’s Playroom. The AIBO is a dog-like robot designed and
manufactured by Sony’s Digital Creatures Laboratory in the late
90’s. The videos show experiments by members of the VUB Al Lab
and the Sony Computer Science Laboratory in Tokyo, using the
AIBO as a platform to investigate how autonomous robots could
acquire new behaviors. They feature also a series of toys developed
for Sony’s AIBO dog-like robot by Fréderic Kaplan and a Swiss
design team for the 'Intensive Science’ exhibition curated by Luc
Steels at 'La Maison Rouge’ in Paris in 2006 (see Figure .
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Figure 3.20: Left: AIBO’s playroom. The video shows an experiment
by Féderic Kaplan to put the AIBO in a swimming pool to learn how to
swim. Right: Members of the VUB Al Lab discuss some of these early
experiments with the AIBO.

3.7 Section 7: Animats

In the early 1990s there was a wave of interest and enthusiasm for build-
ing small but agile autonomous robots packed with batteries, sensors,
actuators, DIY electronics, and a processing board powerful enough to
sustain complex computations and reactive behavior in real-time. These
robots were called ’animats’ or ’artificial creatures’. This section gives
an unusual peek into a springschool where the community building these
animats congregated. The school was entitled "The Biology and Tech-
nology of Autonomous Agents’, organised in March 1994 by Luc Steels
(VUB AI Lab) and Rodney Brooks (MIT Al Lab) in Castle Ivano located
in the Dolomites near Trento. The videos show the different ateliers, ex-
periments, lectures, and gatherings. This section also shows how this
research line developed further into the late 2000s towards humanoid
robots that autonomously build shared categories and symbolic commu-
nication systems.

1. Trento Spring School on 'The Biology and Technology of
Intelligence Autonomous Agents’ (1994) These videos pro-
vide a unique glimpse of science in action. It was the first interna-
tional school focused on building autonomous biologically inspired
agents, featuring lectures and hands-on ateliers. Dozens of animats
were built and programmed in teams with a ’beauty contest” at the
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ANIMATS

Figure 3.21: Left: Layout of Section 7 dedicated to animats. Right:
Screens with videos of the Trento spring school and language evolution
with humanoid robots.

end of the school.

The videos show lectures and ateliers by Rodney Brooks, David
McFarland, Tim Smithers, Carme Torras, Luc Steels, Leslie Kael-
bling, Rolf Pfeifer, Peter Schuster, Sebastian Thrun, Walter Van de
Velde, Philip Husbands, Ulrich Nehmzow, Maja Mataric, Miles Pe-
body, and Luis Correa. Springschool funded as a NATO Advanced
Study Institute. Video recorded and edited by Francis Van Aeken.

2. Robot experiments on Language Emergence. Experiments
conducted at the end of the 2000s, using the MYON humanoid
robots built by Manfred Hild and his team at Humboldt Univer-
sity (Berlin). The robots perform an experiment developed by Luc
Steels, Michael Spranger and Martin Loetzsch at the VUB AI Lab
on how a shared vocabulary for talking about gestures can be devel-
oped autonomously by physically embodied robots. Excerpt from
the BBC 2 program 'The Hunt for AI’. Presented by Marcus de
Sautoy and directed by Helen Sage, recorded at Humboldt Univer-
sity Berlin, 2012 . See Figure[3.22] left. On the right experiments
are shown with the SONY Qrio robots carried out in the early 00s
at the VUB Al Lab and the Sony Computer Science Laboratories
in Paris and Tokyo.
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Figure 3.22: Left: Luc Steels and Marcus de Sautoy with the Myon
humanoid robots in the BBC 2 program "The Hunt for AT’ from 2012.
Right: Book on the Talking Heads, one of the first large-scale experiments
in language evolution by autonomous agents.

3.8 Conclusions

This article described an exhibition ’Science on the Edge of Chaos. The
AT Avantgarde in the 80s and 90s’ conceived and produced by Luc Steels
at the Belgian Royal Library in December 2023. The exhibition showed
how several threads in science emanating from physics, chemistry, mathe-
matics, and biology have fed into a new wave of Al research, known as the
Artificial Life route to Al It was an exhilarating time with a turn towards
the construction of animats as a way to gain radically new insights into
how intelligent robots could operate in an open dynamical world, using
adaptation and evolution as the main paths towards achieving that.
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