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In this fascinating journey to the edge of science, Vidal takes on big 
philosophical questions: Does our universe have a beginning and an end, or 
is it cyclic? Are we alone in the universe? What is the role of intelligent life, 
if any, in cosmic evolution? Grounded in science and committed to philoso-
phical rigor, this book presents an evolutionary worldview where the rise of 
intelligent life is not an accident, but may well be the key to unlocking the 
universe‘s deepest mysteries. Vidal shows how the � ne-tuning controversy 
can be advanced with computer simulations. He also explores whether natu-
ral or arti� cial selection could hold on a cosmic scale. In perhaps his boldest 
hypothesis, he argues that signs of advanced extraterrestrial civilizations 
are already present in our astrophysical data. His conclusions invite us to see 
the meaning of life, evolution, and intelligence from a novel cosmological 
perspective that should stir debate for years to come.

“An outstandingly clear, comprehensive and systematic investigation of some 
of the deepest and most speculative questions of all times.“  Francis Heylighen, 
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Advance Praise for
The Beginning and the End

‘‘An outstandingly clear, comprehensive and systematic investigation of some of
the deepest and most speculative questions of all time: How did the universe
begin? How will it end? And what is the meaning of life in this cosmic
evolution?’’—Francis Heylighen, Director of the Global Brain Institute, research
professor at the Vrije Universiteit Brussel.

‘‘Cutting-edge science is starting to discover a ‘big picture’ in which humans have
the potential to play a key role in the future evolution of life in the universe. If you
want your mind to be expanded so that it takes in this wider perspective, Clément
Vidal’s book is an absolute must read. His book is for everyone who wants to
combine hard science with an understanding of the meaning and purpose of
life.’’—John Stewart, AUTHOR of Evolution’s Arrow and The Evolutionary
Manifesto.

‘‘This book is a magisterial work, a synthesis of systems theory, philosophy,
cosmology, and life science. In a search for his own comprehensive and coherent
worldview, Clément Vidal has come to some startling conclusions: evolution and
simulation (and I would add, development) appear to operate at every scale within
our universe, and can be used as a basis for a universal ethics. What’s more, this
view yields some surprisingly specific suspicions about the nature and drives of
advanced extraterrestrial intelligence: starivores. If we, stewards of Earth, are on
the starivore development path, this insight alone will prove as revolutionary as
Darwin’s nineteenth century elucidation of human evolution. It is exciting to see
the many clues and arguments he presents, and to realize that Vidal’s hypothesis
can be tested here and now. He also walks his talk, as he has founded with me a
research community (Evo Devo Universe) to explore and critique these fascinating
ideas. I invite you to join us there. His quest is our quest, to ask and answer our
biggest questions with more truth, goodness, and beauty than ever before.’’—John
Smart, President, Acceleration Studies Foundation, Accelerating.org; Co-founder,
EvoDevoUniverse.com
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To every human, artificial, or extraterrestrial
intelligence in this universe



Foreword by Steven J. Dick

We live in a universe expansive in space and time, the result of 13.8 billion years
of cosmic evolution that has yielded ever more subtle and complex forms. On that
planet we call Earth those forms include life and mind, mind that now turns its
gaze back onto the universe itself. We contemplate the cosmos with awe and ask
the question of questions: how widespread is life in the universe? The new science
of astrobiology daily offers new insights into this question, including exoplanets
galore, but as yet no answer to the riddle of life itself. Meanwhile, whether life is
rare or common, the cosmic perspective is the unavoidable framework within
which the history of our planet and the meaning of our lives must be explored.
That perspective—the Master Narrative of the Universe, or Genesis for the Third
Millennium, as it has also been called—is the framework adopted in this scintil-
lating book full of new ideas. It is a framework I enthusiastically endorse.

But how to explore ‘‘The Meaning of Life in a Cosmological Perspective?’’ The
mind reels, but Vidal argues that the search begins with a comprehensive and
coherent worldview, a more robust version of the sometimes inconsistent world-
views we all hold whether we know it or not. The construction of worldviews and
their influence on our thinking are deep philosophical problems, and the first part
of the book discusses the nature of worldviews in detail. Not only does the author
examine religious, scientific and philosophical worldviews, he also proposes cri-
teria for evaluating which are best. This original and enlightening exercise results
for him in a worldview that is fundamentally cosmological, though with philo-
sophical, ethical, and religious implications. As the cosmologist G. F. R. Ellis has
noted, philosophical choices necessarily underlie all cosmologies, and unexamined
philosophical standpoints are still philosophical standpoints. Vidal, however, is not
guilty of unexamined assumptions; he has systematically examined the possibili-
ties, and his worldview places life and intelligence at the center of cosmology.

This evaluation of worldviews would be a significant contribution in itself, but
Vidal is only getting started. In elaborating his worldview, and answering the basic
questions about origins, life and mind, he takes up the entangled problems of fine-
tuning and ‘‘free parameters’’ in the universe. These problems have been much
discussed in the last few decades, as scientists and philosophers have asked why
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the free parameters of physics and cosmology (sometimes called ‘‘constants,’’
though they may not be invariant) seem to be fine-tuned for life. Vidal evaluates
the arguments and concludes that in order to answer the fine-tuning question we
need to know how common ‘‘fecund universes’’ (those with life) really are. To this
end he offers a ‘‘cosmic evolution equation’’ to estimate the probability of life
existing in a multiverse—the space of all possible universes. Does fine-tuning
really exist? If so is chemistry, life or intelligence being fine-tuned? Is God or the
multiverse the answer? The author clarifies these and other questions, even if he
cannot always provide the answers.

These questions lead Vidal to two bold hypotheses. First, in a parallel to
Darwin’s insight, he weighs the possibilities of cosmic natural selection (CNS) and
cosmic artificial selection (CAS), arguing for an artificial cosmogenesis process, in
which someone or something must be creating universes, or will in the future. He
is not the first to pose such a startling scenario; in particular James Gardner has
done so in his book Biocosm: The New Scientific Theory of Evolution: Intelligent
Life is the Architect of the Universe. But Vidal argues the concept can be advanced
with computer simulations, a kind of computational cosmology generating all
possible worlds. Secondly, in the realm of observation rather than theoretical
simulations, he hypothesizes the existence of starivores, civilizations feeding on
the energy of their parent stars. Speculative though this may seem, he argues that
some known binary star systems can be interpreted as living—proposing a ‘‘high-
energy astrobiology.’’

These ideas are not for the faint of heart; Vidal cannot be accused of a failure of
imagination, and everything here depends on the interpretation of observations—a
venerable problem in the history and philosophy of science. Nonetheless, one is
reminded of the young Soviet astrophysicist Nicolai Kardashev and his Type II
civilizations, or the young American physicist Freeman Dyson, who proposed
infrared shells around other stars, built by civilizations to capture energy.

At the center of the book is the primacy of life—individual and cosmic. The
‘‘core thesis’’ of the book is a philosophical speculation that the greatest outcome
of science will be cosmogenesis in order to support life. In other words, the
ultimate aim of science in the far future will be not just to study the universe, but
also to create other universes. Perhaps other natural intelligences in the universe
have already been doing so. In Vidal’s view this artificial cosmogenesis holds
promise to explain both the fine-tuning thesis and the ultimate meaning of life and
intelligence in the universe. Looking forward, he believes studying the end of the
universe helps us to also unravel its beginning—thus The Beginning and the End
of the main title. In the end he elaborates a cosmological ethics where the ultimate
good is the infinite continuation of the evolutionary process, resulting in life.

This is a highly unusual book, grounded in science and yet speculative, highly
detailed and yet tackling the broadest possible questions, measured in its argu-
ments but bold in its conception: in short, an exciting adventure reflecting the
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boldness and creativity of youth. But not unbridled boldness. As the author and
others have emphasized, speculation is an integral part of science, more often
going under the name of ‘‘hypothesis,’’ and Vidal makes a convincing case that in
this volume his method is scientific and philosophical speculation rather than
unchecked fictional speculation. Faced with the option of saying nothing about the
great questions he undertakes, or carefully saying something, Vidal chooses the
latter. We are the better for it.

Steven J. Dick
Baruch S. Blumberg NASA/Library

of Congress Chair in Astrobiology
Former NASA Chief Historian
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Preface: Psychiatry and Cosmological
Speculation

After high school, when I told my aunt I wanted to study philosophy at university,
she looked at me sympathetically and said: ‘‘Have you considered consulting a
psychiatrist? They can be very helpful, you know.’’ I was shocked. What did the
philosophical pursuit to understand humanity and the cosmos have to do with
psychic health? Maybe she had confused philosophy with psychology. Or maybe
she thought that studying philosophy leads nowhere socially or professionally and
that I was simply experiencing a temporary existential crisis. Seeing a psychiatrist
would put me back on the right social track.

But maybe she was right after all. Maybe asking fundamental and philosophical
questions is an illness. In that case I am proud to be ill. Even more, my hope is that
it is highly contagious, and that you, my reader, will want to pursue even further
the intellectual journey I will now share with you. But first, a word of caution.

I would like to warn my readers that this work contains cosmological specu-
lations.1 The speculations I discuss are cosmological because they stretch over
billions of years and billions of light years. How can we legitimate such specu-
lations? Part I constitutes one third of this work and is dedicated to a broad study
of the philosophical method. I argue that a major aim of philosophy is to construct
comprehensive and coherent worldviews. Constructing such worldviews requires
one to answer big questions, such as: ‘‘Where do we come from? Where are we
going? Are we alone in the universe?’’ Motivated by our existential need to answer
such big questions, we naturally tend to speculate. But is such an endeavor in
striking contradiction to the rigor of the scientific enterprise? Is it just fantasy?

Certainly not! Speculating does not mean being unscientific. On the contrary, it
means identifying and relying on the most fundamental scientific theories and
principles, and then extrapolating them. In my speculations, mostly contained in
Part III, I have done my best to focus on the most robust and general scientific
theories, such as principles of relativity theories, thermodynamics, systems theory,
evolution, and theoretical computer science or logic.

1 To make this warning explicit, my Ph.D. at the Vrije Universiteit Brussel (VUB) was defended
with the subtitle ‘‘Cosmological Speculation and the Meaning of Life’’, instead of ‘‘The Meaning
of Life in a Cosmological Perspective’’.
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Of course, many speculations turn out to be wrong. As the multiple failures in
the history of science show us, the risk that a speculative theory will be refuted is
real. Indeed, cosmological speculations rely on and extrapolate from our current
theories. Cosmological models in the next decades might refute speculations of our
time, or lead to very different kinds of speculations. Speculating also means
extrapolating the physical laws we can experiment with on Earth to extreme
regimes of large energies, high densities, and huge scales in space and time. We
need to be aware that such extrapolations are subject to strong uncertainties, for
example because we do not yet have an established theory of quantum gravity.

Historian of cosmology Helge Kragh wrote in the introduction of his book
Higher Speculations: Grand Theories and Failed Revolutions in Physics and
Cosmology (2001, p. 2):

Speculations have always been an integrated part of the physical sciences, sometimes
hidden under the more palatable term ‘hypotheses’. Indeed, fundamental physics without
some element of speculation is hardly conceivable. All scientists agree that speculations
have a legitimate place in the construction of scientific theories, but there is no agreement
as to how speculative a theory may be and still be counted as scientific.

To evaluate how speculative a theory may be, we need to be clear on why we
speculate. What is our aim when we speculate? I distinguish three kinds of
speculations to navigate into their variety (Vidal 2012a):

1. Scientific: a speculation is scientific if we have strong reasons to think that
future observations or experimentations will corroborate or refute it.

2. Philosophical: a speculation is philosophical if it extrapolates from scientific
knowledge and philosophical principles to answer some fundamental philo-
sophical problems.

3. Fictional: a speculation is fictional if it extends beyond scientific and philo-
sophical speculations.

Fictional speculations are found in counterfactual history or science fiction books.
Their main goal is entertain a reader, but their value for history as a discipline or
the scientific enterprise is limited.

Scientific or philosophical speculations stem from our urge to complete logi-
cally our knowledge in areas where it has not yet been probed. Importantly,
scientific and philosophical speculations have a clear aim, namely to solve sci-
entific or philosophical problems.

Of course, the status of a speculation can change through time and even become
normal science. For example, Giordano Bruno made the philosophical speculation
that there were other solar systems in the universe. It was philosophical and not
scientific because it was not clear at his time whether we would ever be able to
develop telescopes and observational methods powerful enough to discover
extrasolar planets. With technological progress, the speculation became scientific,
because observational techniques evolved for checking such a claim empirically.
Finally, the status of speculation disappeared altogether when we found the first
exoplanets (Wolszczan and Frail 1992). Today, hunting and finding exoplanets is
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no longer speculation but part of normal astrobiological science. However, Bruno
also accepted the common speculation that the universe is filled with a substance
called ‘‘aether’’, a theory now considered obsolete.

So any speculation has to be taken with a grain of salt. In this book, I address
problems that cannot be addressed without speculation. Facing the need to spec-
ulate, there are two options. Either we refuse to speculate and accept that we have
nothing to say or to write, or we try to speculate as carefully as possible, making
very clear the assumptions on which our speculations hinge. I have chosen the
latter option, trying to review many different speculations, and refusing to over-
state the conclusions. The hypotheses on which some of my core reasoning hinges
are extracted and presented in the form of argumentative maps in Appendix II, and
I hope they will facilitate rational and critical debate.

For readers familiar with my previous work, let me quickly outline how it
connects with this book. Part I presents philosophical reflections on what philos-
ophy is, and its method. It is a synthesis and expansion of several papers (Vidal
2007, 2008a, 2012b). Part II analyzes the origin of the universe: Chap. 5 is mainly
based on (Vidal 2010a, 2012a) and Sect. 6.3 on (Vidal 2013). Part III is based on
reflections about future cosmic evolution: Chap. 7 on (Vidal 2008b), Chap. 8 on
(Vidal 2010a, 2012c, 2012a, 2012d), and Chap. 9 on (Vidal 2011). The good news
is that the rest is new.

Brussels, January 2014
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David Christian; Milan Ćirković, also for his support, encouragements and always
very helpful critical feedback; James A. Coffman; Peter A. Corning; Lee Cronin;
Terrence W. Deacon: Jean-Paul Delahaye, also for his monthly intellectual deli-
cacies published in Pour la Science (the French edition of Scientific American) as
well as for inspiring discussions on the limits of science and computation; Joël de
Rosnay, also for his book The Macroscope (1979) which inspired me early in
systems thinking; Steven J. Dick, for writing the foreword of this book, for
encouragement, for producing and stimulating knowledge in so many aspects of
cosmic evolution and cosmic culture, and for his insights about the possibility of a
postbiological universe, which was a decisive step in my reflections about the
search for extraterrestrial life and intelligence (Chap. 9); Taner Edis; Börje Ekstig;
George F. R. Ellis, also for stimulating and challenging discussions in the phi-
losophy of cosmology; Charles Fadel; Rainer Feistel; Carlos Gershenson; Richard
Gordon; Jan Greben; Hari Mohan Gupta; William P. Hall, also for critical and
constructive comments and insights; Stevan Harnad; Francis Heylighen; David
Holcman; Hippokratis Kiaris; Osame Kinouchi; Otto Laske; Cadell Last; John A.
Leslie, also for critical and analytical feedback; Giuseppe Longo; Nicolás Lori;
Jean-Pierre Luminet; Garimella Rama Murthy; Akop P. Nazaretyan; Laurent
Nottale; Steve Omohundro; Alain Prochiantz; Carl Henning Reschke; Marko A.
Rodriguez; Stanley N. Salthe, also for sharing his insights into developmental
theories and thermodynamics; Tony Smith; Fred Spier for his inspiring big history
work; Eric Steinhart for his philosophical sharpness; John Stewart; Robert E.
Ulanowicz; Rüdiger Vaas for his critical interest in cosmological artificial selec-
tion, which stimulated much of the content of Chap. 8; Pushkar G. Vaidya; Jan
Visser; Bruce H. Weber; Peter Winiwarter, also for his suggestion to apply my
metaphilosophical framework to itself (in Sect. 2.1.3); and Hector Zenil, also for
mind-bending discussions about the computational perspective on the universe.
I also thank the independent scholars who endorsed the EDU: Mary Ann Allison;
Robin Allott; Jon Beach; Rick Bradford, also for excellent feedback about
fine-tuning; William R. Buckley; John O. Campbell; John Chelen; Michael Cho-
rost; Bruce Damer, also for insights in large scale computer simulations; James N.
Gardner, for having beautifully written the first book-length work on cosmological
artificial selection (see Chap. 8), as well as his vision that artificial life would

xviii Acknowledgments

http://www.evodevouniverse.com
http://dx.doi.org/10.1007/978-3-319-05062-1_9
http://dx.doi.org/10.1007/978-3-319-05062-1_8
http://dx.doi.org/10.1007/978-3-319-05062-1_2
http://dx.doi.org/10.1007/978-3-319-05062-1_8


become more and more relevant for cosmology, a vision that I largely elaborated
through the idea of artificial cosmogenesis in Chaps. 6 and 7; William F. Harms;
Hans Kuijper; John McCrone; Robert L. Oldershaw; Cecilia Abadie; Arnaud J.
Blanchard for his precious help; Atanu Chatterjee; and Stefan Pernar.

I give special thanks to all active participants on the mailing list EDU-Talk2

who debate fundamental issues in an academic and interdisciplinary atmosphere.
Researchers interested in the topics of this book (and others) are welcome to join
the Evo Devo Universe research community.

I thank Alain Prochiantz for his early support in organizing the first interna-
tional conference on the evolution and development of the universe (Vidal et al.
2009). I thank Laurent Nottale for his enthusiasm, time, and patience in explaining
some implications of scale relativity theory. I am happy to see this theory of fractal
space-time more and more recognized as a promising basis for unifying quantum
mechanics and general relativity. I am also glad he agreed to talk with Jean
Chaline and Pierre Grou at the Workshop on Scale Relativity: Universe, Life,
Societies3 that I organized in Brussels. I also thank Jean Chaline for his stimulating
books and explanations about biological evolution. I thank Bernard Goossens for
sharing his visionary interest in scale relativity, without which this workshop could
not have happened.

I thank Tobias Kerzenmacher, Christophe Portier, Marc Megaides, Martin
Monperrus, Marc Sylvestre, and David Brin for insightful discussions.

I am pleased to thank David Allen for creating the action management method
‘‘Getting Things Done’’ without which I would never have had the courage to take
up such a big project as co-organizing an international conference and editing the
proceedings (Vidal et al. 2009). I also co-wrote an academic paper further
explaining why the method works so well (Heylighen and Vidal 2008).

I am grateful to Alain Jorissen for his patience in answering my sometimes
naive, sometimes strange questions about our singular universe and its binary stars;
to Jason Cawley for criticisms and discussions; to Tim Swanson for enthusiastic
speculative discussions; to Edgar Gunzig for his early support; to Dominique
Lambert for stimulating discussions; to Claudio Maccone for discussions on
extreme possibilities of gravitational lensing and their implications for SETI; to
Nicholas Rescher for his encouragements and interest in my philosophical work;
and to Eric J. Chaisson for challenging discussions.

I warmly thank the anonymous referees who accepted or rejected my papers, in
either case providing very valuable feedback. I thank those who took the time to
correct and improve my English: Gabrielle Bossy, Hans Smet, Otto Bohlmann,
Charles Baden-Fuller, Luke Lloyd, Steve Sachoff, Andrew Ross, and Elizabeth
Moliere. I thank Angela Lahee for her enthusiasm, patience, and editorial
professionalism.

2 http://evodevouniverse.com/wiki/EDU-Talk_subscription_form
3 http://ecco.vub.ac.be/?q=node/114

Acknowledgments xix

http://dx.doi.org/10.1007/978-3-319-05062-1_6
http://dx.doi.org/10.1007/978-3-319-05062-1_7
http://evodevouniverse.com/wiki/EDU-Talk_subscription_form
http://ecco.vub.ac.be/?q=node/114


I warmly thank John Smart for being such an amazing colleague and friend, for
being the co-founder with me of the Evo Devo Universe community, for being a
rare polymath, never short of amazing and stimulating ideas. I owe him inspiration
on many aspects of this book, such as his contagious passion for astrobiology or
the general evolutionary developmental view on the universe. I am also glad we
identified together the Barrow scale of civilizational development (Sect. 9.2.2).

My immense gratitude goes to my Ph.D. supervisor Francis Heylighen for
having been and still being an unfailing intellectual mentor. I am grateful that he
trusted me to tackle big cosmological questions despite the fact that I had no
formal background in theoretical physics. After one master in philosophy, another
one in logic, and a third in cognitive sciences, I thought I had at last built up a solid
intellectual background, but I was wrong. Learning in depth with Francis
Heylighen about evolution, cybernetics, and complexity sciences led me to an
intellectual rebirth. I felt almost angry to have learned such powerful yet simple
concepts so late in my intellectual life. In particular, I hope the basics of cyber-
netics and systems theory will soon be taught early in schools.

I warmly thank my parents for offering me that slice of space-time-energy-
complexity we call life, through their biological and cultural legacy. Very special
thanks go to my father, for his immense support, patience, and trust.

xx Acknowledgments

http://dx.doi.org/10.1007/978-3-319-05062-1_9


Contents

Part I Overview of Worldviews

1 The Six Dimensions of Philosophy . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1 First-Order Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Second-Order Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3 Necessity to Have a Worldview . . . . . . . . . . . . . . . . . . . . . . 8
1.4 Implicit and Explicit Worldviews . . . . . . . . . . . . . . . . . . . . . 9
1.5 A Cybernetic Model of a Worldview . . . . . . . . . . . . . . . . . . 10

2 Criteria for Worldview Comparison . . . . . . . . . . . . . . . . . . . . . . 13
2.1 A Quest for Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.1.1 Metaphilosophy . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
2.1.2 The Big Three . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.1.3 Bootstrapping the Criteria . . . . . . . . . . . . . . . . . . . . 17
2.1.4 Relativity, not Relativism . . . . . . . . . . . . . . . . . . . . 18

2.2 Criteria for Worldview Comparison . . . . . . . . . . . . . . . . . . . 19
2.2.1 Objective Consistency . . . . . . . . . . . . . . . . . . . . . . . 19
2.2.2 Scientificity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
2.2.3 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
2.2.4 Subjective Consistency . . . . . . . . . . . . . . . . . . . . . . 24
2.2.5 Personal Utility . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.2.6 Emotionality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
2.2.7 Intersubjective Consistency . . . . . . . . . . . . . . . . . . . 28
2.2.8 Collective Utility . . . . . . . . . . . . . . . . . . . . . . . . . . 29
2.2.9 Narrativity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.3 Assessment Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.3.1 Testing the Components . . . . . . . . . . . . . . . . . . . . . 32
2.3.2 Testing the Dimensions . . . . . . . . . . . . . . . . . . . . . . 32
2.3.3 Testing the Big Three . . . . . . . . . . . . . . . . . . . . . . . 36
2.3.4 Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

xxi

http://dx.doi.org/10.1007/978-3-319-05062-1_1
http://dx.doi.org/10.1007/978-3-319-05062-1_1
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_1#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_2
http://dx.doi.org/10.1007/978-3-319-05062-1_2
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_2#Sec20


3 Religious, Scientific, and Philosophical Worldviews . . . . . . . . . . . 39
3.1 Religious Worldviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

3.1.1 Intelligent Design Versus Flying Spaghetti
Monsterism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

3.1.2 Psychological and Societal Strengths of Religions . . . 42
3.1.3 Failures of Tradition . . . . . . . . . . . . . . . . . . . . . . . . 43

3.2 Scientific Worldviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.1 Systems Theory as a Universal Language

for Science . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
3.2.2 Problem-Solving Approach . . . . . . . . . . . . . . . . . . . 45
3.2.3 Universal Darwinism . . . . . . . . . . . . . . . . . . . . . . . 46
3.2.4 Limitations of Scientific Worldviews . . . . . . . . . . . . 47

3.3 Philosophical Worldviews . . . . . . . . . . . . . . . . . . . . . . . . . . 48
3.3.1 The Way to Philosophical Worldviews . . . . . . . . . . . 48
3.3.2 One or Several Worldviews? . . . . . . . . . . . . . . . . . . 49
3.3.3 Analogies for Philosophical Worldviews . . . . . . . . . . 51
3.3.4 Nonviolent Worldview Communication. . . . . . . . . . . 54
3.3.5 The Extreme Worldview Agenda . . . . . . . . . . . . . . . 55

Open Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

Part II The Beginning of the Universe

4 Origins of the Origin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.1 Five Challenges for Ultimate Explanations . . . . . . . . . . . . . . 62

4.1.1 Epistemological . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.1.2 Metaphysical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
4.1.3 Thermodynamic . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
4.1.4 Causal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
4.1.5 Infinity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.2 The Point as a Cognitive Attractor . . . . . . . . . . . . . . . . . . . . 66
4.2.1 Origin with Foundation . . . . . . . . . . . . . . . . . . . . . . 66
4.2.2 Points in Everyday Life. . . . . . . . . . . . . . . . . . . . . . 67
4.2.3 God’s Point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
4.2.4 Big Bang’s Point . . . . . . . . . . . . . . . . . . . . . . . . . . 68

4.3 The Cycle as a Cognitive Attractor. . . . . . . . . . . . . . . . . . . . 69
4.3.1 Origin Without Foundation . . . . . . . . . . . . . . . . . . . 69
4.3.2 Cycles in Everyday Life . . . . . . . . . . . . . . . . . . . . . 69
4.3.3 Big Bang(s) Cycles. . . . . . . . . . . . . . . . . . . . . . . . . 70
4.3.4 Objections Against Cycles . . . . . . . . . . . . . . . . . . . . 71

4.4 Points, Cycles and Beyond . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.4.1 More Attractors . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
4.4.2 Line and Combinations . . . . . . . . . . . . . . . . . . . . . . 74
4.4.3 Cosmological Models . . . . . . . . . . . . . . . . . . . . . . . 75

xxii Contents

http://dx.doi.org/10.1007/978-3-319-05062-1_3
http://dx.doi.org/10.1007/978-3-319-05062-1_3
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_3#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_4
http://dx.doi.org/10.1007/978-3-319-05062-1_4
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_4#Sec20


5 Capturing Free Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.1 Analogical Reasoning in Science . . . . . . . . . . . . . . . . . . . . . 78
5.2 The Physical Universe. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.3 The Mathematical Universe . . . . . . . . . . . . . . . . . . . . . . . . . 85
5.4 The Computational Universe . . . . . . . . . . . . . . . . . . . . . . . . 88
5.5 The Biological Universe . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

6 The Fine-Tuning Conjecture . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
6.1 Fine-Tuning Fallacies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

6.1.1 Probabilistic Fallacies . . . . . . . . . . . . . . . . . . . . . . . 99
6.1.2 Physical Fallacies . . . . . . . . . . . . . . . . . . . . . . . . . . 102
6.1.3 Fine-Tuning Disproofs . . . . . . . . . . . . . . . . . . . . . . 104

6.2 Fine-Tuning and Other Issues . . . . . . . . . . . . . . . . . . . . . . . 105
6.2.1 Fine-Tuning and Free Parameters . . . . . . . . . . . . . . . 105
6.2.2 Fine-Tuning and Parameter Sensitivity . . . . . . . . . . . 106
6.2.3 Fine-Tuning and Metaphysical Issues . . . . . . . . . . . . 107
6.2.4 Fine-Tuning and Anthropic Principles . . . . . . . . . . . . 107
6.2.5 Fine-Tuning and Observational Selection Effects . . . . 108
6.2.6 Fine-Tuning and Teleology . . . . . . . . . . . . . . . . . . . 111
6.2.7 Fine-Tuning and God’s Existence . . . . . . . . . . . . . . . 112

6.3 The Cosmic Evolution Equation . . . . . . . . . . . . . . . . . . . . . . 113
6.3.1 Possible Universes . . . . . . . . . . . . . . . . . . . . . . . . . 114
6.3.2 Possible Cosmic Outcomes . . . . . . . . . . . . . . . . . . . 115
6.3.3 Robustness in Cosmic Evolution . . . . . . . . . . . . . . . 128
6.3.4 Artificial Cosmogenesis. . . . . . . . . . . . . . . . . . . . . . 131
6.3.5 Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

6.4 Classical Fine-Tuning Explanations . . . . . . . . . . . . . . . . . . . 139
6.4.1 Skepticism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
6.4.2 Necessity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140
6.4.3 Fecundity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142
6.4.4 God of the Gaps. . . . . . . . . . . . . . . . . . . . . . . . . . . 142
6.4.5 Chance of the Gaps . . . . . . . . . . . . . . . . . . . . . . . . 143
6.4.6 WAP of the Gaps . . . . . . . . . . . . . . . . . . . . . . . . . . 143
6.4.7 Multiverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
6.4.8 Design. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144

6.5 Conclusion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145

Part III Our Future in the Universe

7 The Future of Scientific Simulations . . . . . . . . . . . . . . . . . . . . . . 153
7.1 Toward a Simulation of an Entire Universe . . . . . . . . . . . . . . 154
7.2 Increase of Computing Resources . . . . . . . . . . . . . . . . . . . . . 154
7.3 Bridging Gaps in Cosmic Evolution . . . . . . . . . . . . . . . . . . . 155

Contents xxiii

http://dx.doi.org/10.1007/978-3-319-05062-1_5
http://dx.doi.org/10.1007/978-3-319-05062-1_5
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_5#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_6
http://dx.doi.org/10.1007/978-3-319-05062-1_6
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec23
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec23
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec24
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec24
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec25
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec25
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec26
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec26
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec27
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec27
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec28
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec28
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec29
http://dx.doi.org/10.1007/978-3-319-05062-1_6#Sec29
http://dx.doi.org/10.1007/978-3-319-05062-1_7
http://dx.doi.org/10.1007/978-3-319-05062-1_7
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec3


7.4 Replaying the Tape of the Universe . . . . . . . . . . . . . . . . . . . 157
7.5 Real-World and Artificial-World Modeling . . . . . . . . . . . . . . 157
7.6 The Simulation Hypothesis . . . . . . . . . . . . . . . . . . . . . . . . . 158
Open Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

8 Cosmological Selections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
8.1 Evolutionary Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162

8.1.1 Biological Selection . . . . . . . . . . . . . . . . . . . . . . . . 162
8.1.2 Cosmological Selection . . . . . . . . . . . . . . . . . . . . . . 165
8.1.3 Biological and Cosmological Fitness. . . . . . . . . . . . . 166

8.2 Cosmological Natural Selection . . . . . . . . . . . . . . . . . . . . . . 167
8.2.1 History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
8.2.2 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169
8.2.3 Objections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

8.3 Cosmological Artificial Selection . . . . . . . . . . . . . . . . . . . . . 172
8.3.1 History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
8.3.2 From Natural to Artificial Cosmological Selection . . . 176
8.3.3 Six Levels of Universe Making . . . . . . . . . . . . . . . . 179
8.3.4 Objection: Design and Creation . . . . . . . . . . . . . . . . 180
8.3.5 Objection: CAS versus other Fine-Tuning

Explanations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
8.3.6 Objection: The Causal Issue . . . . . . . . . . . . . . . . . . 185
8.3.7 Objection: The Thermodynamic Issue . . . . . . . . . . . . 186
8.3.8 Objection: Epistemological Issues—Science

or Philosophy? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 186
8.3.9 Objection: Are Simulation and Realization

Possible? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
8.3.10 Objection: What Motivation? . . . . . . . . . . . . . . . . . . 188
8.3.11 Objection: No Freedom in CAS? . . . . . . . . . . . . . . . 190
8.3.12 Four Roads to Cosmological Artificial Selection . . . . 191
8.3.13 The Case for CAS . . . . . . . . . . . . . . . . . . . . . . . . . 194

9 High Energy Astrobiology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
9.1 Criteria for Artificiality . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208

9.1.1 What is Your Methodological Fallacy? . . . . . . . . . . . 208
9.1.2 Zen SETI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
9.1.3 The Case for Postbiology . . . . . . . . . . . . . . . . . . . . 214
9.1.4 Global Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217
9.1.5 Thermodynamic Criteria . . . . . . . . . . . . . . . . . . . . . 218
9.1.6 Living Systems Criteria. . . . . . . . . . . . . . . . . . . . . . 220

9.2 Two Scales for Civilizational Development . . . . . . . . . . . . . . 223
9.2.1 Kardashev Scale: The Energetic Increase . . . . . . . . . 224
9.2.2 Barrow Scale: The Inward Manipulation . . . . . . . . . . 226

xxiv Contents

http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_7#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_8
http://dx.doi.org/10.1007/978-3-319-05062-1_8
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_8#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_9
http://dx.doi.org/10.1007/978-3-319-05062-1_9
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec10


9.3 Black Holes as Attractors for Intelligence . . . . . . . . . . . . . . . 227
9.3.1 Unknown Black Hole Technology . . . . . . . . . . . . . . 228
9.3.2 Energetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
9.3.3 Societal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228
9.3.4 Scientific . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229
9.3.5 Computational . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
9.3.6 Philosophical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

9.4 Signs of Starivores? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231
9.4.1 Two Scales Argument . . . . . . . . . . . . . . . . . . . . . . . 232
9.4.2 A Partial Visit to the Binary Zoo . . . . . . . . . . . . . . . 233
9.4.3 General Arguments . . . . . . . . . . . . . . . . . . . . . . . . . 237
9.4.4 Thermodynamic Arguments . . . . . . . . . . . . . . . . . . . 237
9.4.5 Living Systems Arguments . . . . . . . . . . . . . . . . . . . 239
9.4.6 Are Pulsars Artificial Output Transducers? . . . . . . . . 248

9.5 Objections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
9.5.1 Is it New? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252
9.5.2 Dyson Spheres Versus Starivores . . . . . . . . . . . . . . . 253
9.5.3 Are all Binaries Extraterrestrial Life? . . . . . . . . . . . . 254
9.5.4 Postbiology? Are You Serious? . . . . . . . . . . . . . . . . 255
9.5.5 Is High Temperature Livable? . . . . . . . . . . . . . . . . . 255
9.5.6 Will We Become Starivores? . . . . . . . . . . . . . . . . . . 255
9.5.7 Starivores’ Missing Mass. . . . . . . . . . . . . . . . . . . . . 256
9.5.8 The Explosive Objection . . . . . . . . . . . . . . . . . . . . . 257
9.5.9 The Candle Objection . . . . . . . . . . . . . . . . . . . . . . . 258
9.5.10 The Fridge Objection . . . . . . . . . . . . . . . . . . . . . . . 258

9.6 Conclusion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259
Open Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 259

10 Cosmological Ethics and Immortality . . . . . . . . . . . . . . . . . . . . . 267
10.1 Thermodynamic Values. . . . . . . . . . . . . . . . . . . . . . . . . . . . 271

10.1.1 Information Ethics . . . . . . . . . . . . . . . . . . . . . . . . . 271
10.1.2 Thermodynamic Ethics . . . . . . . . . . . . . . . . . . . . . . 272

10.2 Evolutionary Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 274
10.2.1 The Fallacious Naturalistic Fallacy . . . . . . . . . . . . . . 274
10.2.2 Egoism–Altruism Trade-off . . . . . . . . . . . . . . . . . . . 276
10.2.3 Stability–Adaptability Trade-off . . . . . . . . . . . . . . . . 277
10.2.4 Specialist–Generalist Trade-off. . . . . . . . . . . . . . . . . 278
10.2.5 Exploration–Exploitation Trade-off . . . . . . . . . . . . . . 278
10.2.6 Competition–Cooperation Trade-off . . . . . . . . . . . . . 278
10.2.7 r-K Selection Trade-off . . . . . . . . . . . . . . . . . . . . . . 283
10.2.8 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283

10.3 Developmental Values. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285
10.3.1 Cybernetic Values . . . . . . . . . . . . . . . . . . . . . . . . . 285
10.3.2 Progress in Evolutionary Progress. . . . . . . . . . . . . . . 286

Contents xxv

http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec23
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec23
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec24
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec24
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec25
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec25
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec26
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec26
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec27
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec27
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec28
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec28
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec29
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec29
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec30
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec30
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec31
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec31
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec32
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec32
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec33
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec33
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec34
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec34
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec35
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec35
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec36
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec36
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec37
http://dx.doi.org/10.1007/978-3-319-05062-1_9#Sec37
http://dx.doi.org/10.1007/978-3-319-05062-1_10
http://dx.doi.org/10.1007/978-3-319-05062-1_10
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec1
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec2
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec3
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec4
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec5
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec6
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec7
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec8
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec9
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec10
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec11
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec12
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec13
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec14
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec15
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec15


10.3.3 Developmental Values for Humans. . . . . . . . . . . . . . 289
10.3.4 Developmental Values for Societies . . . . . . . . . . . . . 292
10.3.5 Universal Thermodynamic Evolutionary

Developmental Values? . . . . . . . . . . . . . . . . . . . . . . 294
10.4 Voyage to Five Immortalities. . . . . . . . . . . . . . . . . . . . . . . . 294

10.4.1 Spiritual Immortality. . . . . . . . . . . . . . . . . . . . . . . . 296
10.4.2 Individual Immortality . . . . . . . . . . . . . . . . . . . . . . 297
10.4.3 Creative Immortality . . . . . . . . . . . . . . . . . . . . . . . . 301
10.4.4 Evolutionary Immortality. . . . . . . . . . . . . . . . . . . . . 302
10.4.5 Cosmological Immortality . . . . . . . . . . . . . . . . . . . . 306

Open Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 310

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311

Appendix I: A Cosmic Evolutionary Worldview:
Short Answers to the Big Questions . . . . . . . . . . . . . . . . 317

Appendix II: Argumentative Maps . . . . . . . . . . . . . . . . . . . . . . . . . . 325

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375

xxvi Contents

http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec16
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec17
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec18
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec19
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec20
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec21
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec22
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec23
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec23
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec24
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec24
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec26
http://dx.doi.org/10.1007/978-3-319-05062-1_10#Sec26


Abstract

Where does it all come from? Where are we going? Are we alone in the universe?
What is good and what is evil? The scientific narrative of cosmic evolution
demands that we tackle such big questions with a cosmological perspective.
I tackle the first question in Chaps. 4–6; the second in Chaps. 7 and 8; the third in
Chap. 9; and the fourth in Chap. 10. But how do we start to answer such questions
wisely? Doing so requires a methodological discipline that mixes philosophical
and scientific approaches.

In Chap. 1, I elaborate the concept of worldview, which is defined by our
answers to the big questions. I argue that we should aim at constructing com-
prehensive and coherent worldviews. In Chap. 2, I develop criteria and tests to
assess the relative strengths and weaknesses of different worldviews. In Chap. 3,
I apply those methodological insights to religious, scientific, and philosophical
worldviews.

In Chap. 4, I identify seven fundamental challenges to any ultimate explanation
of the origin of the universe: epistemological, metaphysical, thermodynamic,
causal, infinity, free parameters, and fine-tuning. I then analyze the question of the
origin of the universe upside down and ask: What are the origins of our cognitive
need to find an explanation of this origin? I conclude that our explanations tend
toward two cognitive attractors, the point and the cycle. In Chap. 5, I focus on the
free parameters issue, namely that there are free parameters in the standard model
of particle physics and in cosmological models, which in principle can be assigned
any value. I analyze the issue within physical, mathematical, computational, and
biological frameworks.

In Chap. 6, I analyze the fine-tuning issue in depth, i.e. the claim that those free
parameters are further fine-tuned for the emergence of complexity. I debunk
various physical, probabilistic, and logical fallacies associated with this issue, and
I distinguish it from the closely related issues of free parameters, parameter sen-
sitivity, metaphysics, anthropic principles, observational selection effects, teleol-
ogy, and theology. I conclude that fine-tuning is a conjecture, and that to make
progress we need to study how common our universe is compared to other possible
universes. This study opens a research endeavor that I call artificial cosmogenesis.
Inspired by Drake’s equation in the search for extraterrestrial intelligence (SETI),
I extend this equation to the cosmic evolution equation, in order to study the
robustness of the emergence of complexity in our universe, and whether or to what
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extent the universe is fine-tuned. I then review eight classical explanations of
fine-tuning (skepticism, necessity, fecundity, god of the gaps, chance of the gaps,
weak anthropic principle of the gaps, multiverse, and design) and show their
shortcomings.

In Chap. 7, I show the importance of artificial cosmogenesis by extrapolating
the future of scientific simulations. I analyze two other evolutionary explanations
of fine-tuning in Chap. 8. More precisely, I show the limitations of cosmological
natural selection (CNS) to motivate the broader scenario of cosmological artificial
selection (CAS).

In Chap. 9, I propose a new research field to search for advanced extraterres-
trials: high energy astrobiology. After developing criteria to distinguish natural
from artificial systems, I show that the nature of some peculiar binary star systems
needs to be reassessed in view of thermodynamic, energetic, and civilizational
development arguments that converge toward the idea that those systems are
advanced extraterrestrials. Since the conjectured beings actively feed on stars,
I call them starivores. The question of their artificiality remains open, but I pro-
pose concrete research proposals and a prize to further continue and motivate the
scientific assessment of this hypothesis.

In Chap. 10, I explore foundations to build a cosmological ethics. I build on
insights from thermodynamics, evolution, and developmental theories. Finally,
I examine the idea of immortality with a cosmological perspective and conclude
that the ultimate good is the infinite continuation of the evolutionary process.
Appendix I is a summary of my position, and Appendix II provides argumentative
maps of the entire thesis.
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Introduction

The great philosophers have always been able to clear away the complexities and see
simple distinctions—simple once they are stated, vastly difficult before. If we are to follow
them we too must be childishly simple in our questions—and maturely wise in our replies.

(Adler and Doren 1972, p. 271)

Where does it all come from? It takes nothing less than a synthesis of modern
science to answer this childish question. In a nutshell, modern science gives us the
following story of our past. Everything started with a Big Bang, about 13.8 billion
years ago (Planck Collaboration 2013). As the universe expanded and cooled
down, atoms formed and stars clumped into galaxies and clusters of galaxies. On a
tiny solid planet, around an average star, some special conditions allowed the self-
organization of molecules, and the first cell was born. Life started. Later,
vegetation used the radiation of the Sun and contributed to the creation of an
atmosphere. Gradually, more and more complex organisms emerged, competed,
and cooperated. Nowadays, human cities, societies, and technologies are growing
rapidly.

That was our past. What about our future? Where are we going? Of course, we
have—by definition—no data about the future. However, we do have physical
scientific theories, which are temporally symmetrical, and it is thus legitimate to
apply them not only to the past but also to the future.

Astrophysicists tell us that in about 5 billion years, our solar system will end, with
our Sun turning into a red giant star, making Earth’s surface much too hot for the
continuation of life as we know it. The solution then appears to be easy: migration.
However, even if our descendants do colonize other solar systems, all the stars in all
the galaxies will ultimately die. Once stars have converted the available supply of
hydrogen into heavier elements, new star formation will come to an end. In fact, the
problem is even worse. It is calculated that even very massive objects such as black
holes will evaporate (see e.g. Adams and Laughlin 1997). The second law of
thermodynamics, one of the most robust laws of physics, states that the disorder or
entropy of an isolated system can only increase. Eddington (1928) applied the law to
the universe as a whole and concluded that our universe is doomed to perish in a heat
death. Modern cosmology confirms that in the long-term future we will need to deal
with a cosmic doom scenario such as heat death.
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What do these insights about our past and future imply for the meaning of life,
intelligence, and humans in the universe? Most people I talk to, both colleagues
and friends, think it is too early to think about such a long-term issue as cosmic
doom. I strongly disagree. If it is too early now, when are we to start worrying
about the far future? When will be a good time to take responsibility?

Humans are insignificant in terms of the space they occupy in the universe. The
Earth is ridiculously small compared to the universe. It is a tiny planet orbiting a
common star, in a galaxy composed of billions of stars. And we can see billions of
galaxies. Humans are also insignificant in terms of universal time. This is
illustrated by Carl Sagan’s (1977) cosmic calendar, in which the *14 billion year
lifespan of the universe is compressed into one year. One second in that cosmic
calendar corresponds to some 500 years in our Western calendar. Then, the first
humans would appear on December 31, the very last day of the cosmic calendar,
very late, at about 10.30 pm. Our spatiotemporal extension is thus ridiculously
small seen from a cosmological perspective. To sum up, the fact that in a single,
tiny cosmic pocket, life and intelligence very recently appeared seems an accident
without any significance except that we are doomed to extinction.

Is this gloomy story true? Is it correct in all its aspects? Is it possible that it
misses some important aspects of cosmic evolution? My aim is to show you that
this story is wrong. Not so much in its scientific content, but in its conclusions and
limited perspective. In this book, I will tell you a very different story, one in which
intelligence and complexity are keys to unlock the universe’s mysteries.

The questions of the beginning and the end of the universe are extremely
difficult, because they require the utmost extrapolation of scientific models, whose
results then become highly uncertain. Additionally, scientific models cannot
directly answer such metaphysical questions as: Why is there something rather
than nothing? Was there a beginning of the universe? Is our universe fine-tuned for
life? What is the meaning and future of life in a cosmological perspective?

When dealing with such difficult questions, we have to acknowledge the limits
of the scientific enterprise. For example, regarding the ultimate origin, there are
observational limits to the early universe, i.e. data we will never get. Neither
science nor philosophy will bring us certain answers, and this is an invitation to
humility, honesty, and care when approaching those ultimate questions in
cosmology (see e.g. Ellis 2007a, 1259; Vaas 2003, Sect. 7). This does not mean
that science won’t come up with an answer later. Scientific progress has often
surprised us in the past, and there is no reason for it not to continue to do so.

Compared to those on the early universe, there are surprisingly few works on
the ultimate future of the universe. Yet mysteries about our far future are as
important and fascinating to explore as the ones about our past. Classic cosmic
doom scenarios presuppose that intelligence is and will remain insignificant. But
this seems to ignore past cosmic evolution, which shows an increase of
complexity, from galaxies, solar systems, and life to mind, intelligence, society,
science, and technology. What if intelligence could have a major impact on cosmic
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evolution? If we refuse to underestimate the increase of complexity, the matter of
cosmic doom becomes much more exciting because it remains unsettled.

The human world may be small in comparison to cosmic space and time, but
what about its increasing complexity? Mind, intelligence, science, technology, and
culture are highly significant from a complexity point of view. There is even an
acceleration in this rise of complexity (see e.g. Coren 1998; Livio 2000; Chaisson
2001). Could it be that mind, culture, science, and technology are not accidents in
the universe? Could they have a profound and important cosmological meaning?

Our day-to-day lives may seem entirely disconnected from astrophysical or
cosmological events. Yet we are in the cosmos. And future generations ultimately
depend on the future of our universe. How will this acceleration and increasing
complexity evolve in the far future? Where will it end? Will the universe end in
cosmic doom? Or will our aspirations somehow win out in the long term? Is it
possible for life and intelligence to survive forever? Can searching for—and
maybe finding—advanced extraterrestrials bring us a better understanding of the
increase of complexity in our universe? What is goodness in a cosmological
perspective? Could an evolutionary ethic inspired by cosmic evolution help us in
guiding our actions?

How can we hope to answer such difficult questions? If they cannot be fully
answered in a scientific framework, should we switch to a religious approach?
Religions do indeed offer creation myths and value systems, and thereby give
practically and socially very valuable answers to those questions. But they often
lack a self-critical and scientific basis. Could a philosophical approach answer
those questions, with open, undogmatic, rational, and cautious answers? If so, how
do we actually answer them in a philosophical and secular way? Is there a
philosophical method for doing so?

I argue in this book that intelligence and complexity are essential components
of our universe. My philosophical position is to remain rational, in agreement with
science, yet to seek to go one step further than scientific inquiry, motivated by our
childish curiosity and our need to answer the big questions.

I shall not attempt to write another comprehensive history of the universe. I
assume that my reader is already well versed in cosmic evolution (if not, see e.g.
Sagan 1985; Jantsch 1980; Turchin 1977; Christian 2004; Laszlo 1987; Chaisson
2001, 2006; Dick 2009a, 2012).

What follows is instead an exploration and analysis of three extreme or ultimate
points of this story: the beginning, the end, and the meaning of increasing
complexity. If on large scales all our sciences are reduced to cosmology, and if on
small scales all our sciences can be reduced to particle physics, then how do we
link the two? The sciences of evolution and complexity have the potential to
bridge the gap between these two reductions to cosmology and particle physics.
Evolution and complexity sciences are anti-reductionist by nature and seek to
understand the emergence of new laws and of complexity transitions.

Inspired by the advice of Adler and Van Doren above, my ideal is to answer
childishly simple questions in a mature and wise manner. These questions concern
our ultimate origin, future, and values from a cosmological perspective. To answer
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the questions wisely, we shall inquire into many intricate theories and discussions,
but our aim will always be to answer those simple questions. I plan to balance this
apparently overweening ambition with an appeal to considered conclusions
through a preliminary study of the philosophical method in Part I.

The organization of this book is simple. Part I deals with the philosophical
method, Part II with the beginning of the universe, and Part III with intelligence in
the far-future universe. By weaving insights in these three parts, we can find and
refine a meaning of life in a cosmological perspective. Both the beginning and the
end are extreme extrapolations, and it makes sense to treat them together, as we
will face similar problems and solutions in exploring them.

What is philosophy? This work has a synthetic and speculative character. It is
an attempt to answer some of the deepest philosophical questions by constructing a
coherent and comprehensive worldview. In Part I, we inquire about the
philosophical method, and show that there is an existential need to answer the
big questions. In Chap. 1, we explore the richness and intricacy of philosophy as a
discipline, through six dimensions, and I elaborate the concept of a worldview
defined by our answers to the big questions. In Chap. 2, I develop criteria and tests
to assess the relative strengths and weaknesses of different worldviews. In Chap. 3,
I apply those methodological insights to religious, scientific, and philosophical
worldviews. The first step toward answering the naive big questions is to refor-
mulate them in a more sophisticated scientific and philosophical manner. This will
be a significant aspect of Parts II and III.

Where does it all come from? In Part II, we examine in three steps the
problem of the ultimate origin of the cosmos. Firstly, in Chap. 4, we deal with our
cognitive need for origins. We ask: What is a cognitively satisfying answer to the
question of the origin of the universe? In Chap. 5, we then focus on the existence
of free parameters in physical and cosmological models. The problem is that such
free parameters are not specified within our theories, yet all particle physics and
cosmological models have them. We explore them with a variety of approaches:
physical, mathematical, computational, and biological. These free parameters need
to be inserted by hand into our models. But hand-insertion doesn’t necessarily
imply fine-tuning. We thus discuss, in Chap. 6, whether or not those free
parameters are fine-tuned. More precisely, the fine-tuning of the universe is a
highly confusing and controversial issue at the intersection of physics, philosophy,
and theology. It is peppered with physical and probabilistic fallacies, mixed up
with other issues (e.g. free parameters, parameter sensitivity, metaphysics,
observation selection effects, anthropic principles, teleology, or theology), and
seldom well defined. To clarify the debate, we first debunk various fine-tuning
fallacies. We then ask: What is the fine-tuning for? Chemistry? Life? Intelligence?
To clarify these different options, we introduce a Drake-like cosmic evolution
equation, defining different cosmic outcomes we want to focus on. We then review
classical and evolutionary explanations in view of our new framework. We con-
clude that to progress scientifically on the issue we need to explore the space of
possible universes with the help of computer simulations. This involves simulating
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not only our universe but also other possible universes, within the nascent field of
artificial cosmogenesis.

Where are we going? In Part III, Chap. 7, we explore the future of scientific
simulations, and further substantiate the need to pursue artificial cosmogenesis. In
Chap. 8, we discuss cosmological selection and develop a wide-ranging philo-
sophical scenario, called cosmological artificial selection (CAS), which covers the
origin and future of the universe with a role for intelligence. Surprisingly, CAS
leads to the idea that by better understanding our ultimate future we will better
understand our ultimate origin. The two may well be deeply intertwined.

There is great uncertainty regarding two main trends in cosmic evolution. The
one trend is toward more disorder or entropy, the other toward more complexity.
Which one will prevail in the long term? If the first prevails, it will be our end in
the universe. But if the second trend prevails, there is hope to construct a meaning
of life in harmony with the increase of complexity in cosmic evolution.

Are we alone in the universe? Predicting the long-term future of humanity,
meaning its fate in thousands, millions, or billions of years, is a notoriously
difficult task, often deemed impossible. But there is a workaround. The idea is to
look at how other civilizations might have developed their complexity in the
universe. In Chap. 9, we thus look for very advanced civilizations in the universe,
and, to my great surprise and awe, my theoretical reasoning leads me to the
conclusion that we might already have spotted very advanced extraterrestrials!

What is good and what is evil? What are the ultimate values for intelligent
life? Here ultimate values are valid not only at all times, both past and future, but
also in all places in the universe. In Chap. 10, we enquire about values derived
from a cosmological perspective. We develop a cosmological ethics and apply the
framework to the idea of immortality, which is a constant longing in human
cultures. We survey five kinds of immortality and how they relate to the definition
of the self. We argue that the ultimate good is the infinite continuation of the
evolutionary process. We then discuss the possibility or impossibility of such
cosmological immortality.

To facilitate navigation in this work, I have added two appendices. Appendix I
is a straightforward summary of the worldview developed, presenting positions
rather than arguments. In narrative terms, the summary is a spoiler for my thesis,
so I leave it to the reader to decide whether or when to consult it. Appendix II
provides two argumentative maps. The first map describes the core problems
tackled in the book, and the second one summarizes the proposed solution. These
two appendices will be of most benefit to professional academics familiar with the
issues I tackle, but they may also help other readers who wish to take a bird’s-eye
view.

Academic research is always work in progress. So, at the end of each part or
main chapter, I point to the most important and challenging open questions I came
up with. I hope researchers will pursue them—with or without my collaboration.
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For me, the achievement of this book is to put together pieces of a cosmic
puzzle. Together, the pieces form a worldview that I confess to finding
magnificent. My objective now is to share it with you. I hope to establish a
deep, enduring, and yet evolving connection between intelligent life and the
cosmos, which will give people a sense of the meaning of life, in harmony with
cosmic evolution.
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Part I
Overview of Worldviews

Following the development of modern science, scientists have taken over more
and more issues from philosophers. For example, classic philosophical problems
about the mind, time, space, or the cosmos are now investigated by scientific
means. How should philosophers react to this? They may feel intruded upon, and
react by taking refuge in issues science will never touch. Or they may be delighted
by scientific progress on philosophical issues, since it contributes new ideas,
arguments, and insights for our common quest to understand the world.

Philosophers thus often need to redefine the scope of philosophy and its
relationship to science. They can also take the opportunity to embrace new
scientific knowledge. Partly because science has taken over some formerly
philosophical issues, modern philosophy has split into two main traditions,
analytic and continental, with different drawbacks that we shall briefly examine.

Decades ago, Paul Ricoeur (1979) directed a survey of the main trends of
philosophy. He distinguished three main trends:

(1) Philosophy as Weltanschauung (worldview),
(2) English and American analytic philosophy,
(3) Subjectivity and beyond.

Philosophy in trend (3) explores other forms of experience than objective
knowledge. Philosophers who went this way include the young Hegel, Kierkegaard,
the young Marx, and some disciples of phenomenology. This trend corresponds to
continental philosophy. It is a stimulating intellectual approach but faces harsh
criticism, most notably for its lack of methodology (see e.g., Shackel 2005).

By contrast, although analytic philosophy (2) brings precise methods of analysis
and criticism into philosophy, it still lacks a general guideline or a unifying
agenda. The use of logical methods is insufficient to constitute such an agenda.
Analytic philosophy really needs to go beyond pure analysis; it also needs to be
complemented with a synthetic dimension. Synthetic worldview construction, as
we shall see, can fill this gap. Our philosophical position in this book will thus tend
toward trend (1).



Still, distinguishing those three trends does not answer our question: What is
philosophy? A fuzzy answer is that it is a quest to understand humankind and its
world. For the most important questions, this enterprise overlaps with science and
religion. Philosophy, science, and religion share this quest for understanding, and
they can build more or less strong relationships to pursue it (see e.g., Russell et al.
1988). The result is that starting respectively from science, religion, or philosophy,
we end up with different worldviews.

We shall argue that having a coherent and comprehensive worldview is the
central aim of philosophy. But what, more precisely, is a worldview? How can we
compare very different worldviews? Specifically, what are the respective strengths
and weaknesses of scientific, religious, and philosophical worldviews?

To better grasp what philosophy is and to navigate its rich and complex
landscape, I first introduce, in Chap. 1, six philosophical dimensions along with a
worldview agenda. This agenda invites us to tackle big questions, and our answers
to them define what our worldview is. Furthermore, to meaningfully and critically
tackle the big questions, we must be able to compare different worldviews. For this
we need a set of criteria and a battery of tests. We introduce such criteria and tests
in Chap. 2, with the aim of easing the difficult task of comparing worldviews. We
conclude our analysis of worldviews and criteria by showing that science and
religion have complementary strengths and weaknesses (Chap. 3). By synthesizing
them, we can hope to build more coherent and comprehensive philosophical or
theological worldviews.

Thus Part I provides an ambitious yet considered philosophical framework to
serve as a launch pad for our journey into the big cosmological issues: the
beginning and the end, and the meaning of life.
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Part II
The Beginning of the Universe

Modern science can successfully connect physical and chemical evolution with
biological and cultural evolution (e.g., Chaisson 2001; De Duve 1995). Thus, it
seems reasonable to assume that science is an effective method to understand
cosmic evolution. The problem of harmony in the universe has thus shifted to its
beginning: How did it all start? Why did the universe start with these initial
conditions, parameters, and laws, and not others? Was the initial universe fine-
tuned for the emergence of life and intelligence?

The belief in God allowed western thinkers to understand why the ‘‘Laws of
Nature’’ are as they are and not otherwise. Scientific activity ultimately consisted
of discovering the Laws of Nature set up by God. However, now that many
scientists no longer believe in God, they lack an explanation of the origin of the
laws of nature (Davies 1998).

Nicholas Rescher (1985, p. 230) summarized alternative ways to answer the
question of why nature’s system of laws is as it is:

1. The question is illegitimate (rejectionism).
2. The question is legitimate, but inherently unsolvable (mystificationism).
3. The question is legitimate and solvable. But the resolution lies in the fact that there just

is no explanation. The world’s law structure is in the final analysis reasonless. The laws
just are as they are; that is all there is to it. And this brute fact eliminates any need for
explanation (arationalism).

4. The question is legitimate and solvable, and a satisfactory explanation indeed exists.
But it resides in an explanatory principle that is itself outside the range of (normal)
laws—as it must be to avoid vitiating circularity (transcendentalism).

Rejectionism (1) will not make science and rationality progress. Although I am
aware that (1) is a common philosophical position, I am committed to answer
childishly simple first-order questions. I do not want to dismiss those questions too
quickly as meaningless. Mystificationism (2) does not make science and rationality
progress either. Only if it could be proven that the question is indeed unsolvable
would it be an impressive result, similar to negative results in mathematical logic,



like the proof of the impossibility of constructing the quadrature of the circle.
Arationalism (3) is equivalent to saying that all explanations will fail. Without
arguments to support this view, we cannot take it seriously. Transcendentalism (4)
invites an external and most likely supernatural explanation, which is not some-
thing we presuppose in this book. Rescher mentions a fifth option, the position of
rationalism. It states that the question is legitimate and solvable, and the resolution
lies in the fact that there is an explanation, yet to be defined and found.

Where does it all come from? Before attempting to answer this question, we ask,
in Chap. 4: Where will a satisfying solution to ‘‘Where does it all come from?’’
come from? The answer is … from our brain! This is why I conduct a cognitive
and philosophical study to understand our cognitive expectations for any expla-
nation of the origin of the universe. Of course, answers to the origins also very
much depend on our available scientific theories. But exploring and better
understanding how our cognition functions in this ultimate quest will help us to
unveil our biases and preferences in selecting explanatory models. Specifically,
I argue in Chap. 4 that there are two cognitive attractors that we use to explain the
beginning of the universe, the point and the cycle. Building scientific models is a
process involving two equally important items, an external system to be under-
stood, and an observer who constructs a model of that system. By better under-
standing the structure and functioning of the observer–model relationship, we have
better chances to avoid biases and confusions between reality and our models.

In Chap. 5, I focus on a common feature of all cosmological models: they bring
in free parameters that are not specified by the model. Can we reduce their
numbers? How can we bind them? Which strategy should we use? I shall examine
physical, mathematical, computational, and biological approaches, bringing dif-
ferent perspectives on this fundamental problem. This multiple analysis will
prevent us from falling into any kind of reductionism. Moreover, an understanding
of free parameters is a necessary step toward making sense of the fine-tuning
debate.

In Chap. 6, we shall see that some free parameters also have puzzling properties.
If we vary them even slightly, no complexity as we know it in our universe
emerges. Our cosmological models display parameter sensitivity. This suggests
that our universe is somehow very special. These arguments are known as
fine-tuning arguments and are widely debated in science, philosophy, and theol-
ogy. Unfortunately, they are often confused with other related issues. Many
researchers, including leading scientists, commit and repeat fine-tuning fallacies. I
clarify and untangle those issues, which are necessary steps for the new research
discipline of Artificial Cosmogenesis, a scientifically promising and concrete way
to study the emergence of complexity and the fine-tuning issue.
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Part III
Our Future in the Universe

The laws of the universe have engineered their own comprehension
(Davies 1999, p. 146)

We are now entering the third part of our journey. Our challenge is to answer the
age-old questions ‘‘Where are we going?’’ Chaps. 7–10) and ‘‘What is good and
what is evil?’’ (Chap. 10). As usual, we ask these questions in a cosmological
context with a maximal scope in space and time. So we are concerned about where
we are going in the extremely far future. The most extreme point is the ‘‘last’’
point, which leads us naturally to the field of eschatology. The word comes from
the Greek eskhatos (last), and logos (doctrine or theory). The word ‘‘eschatology’’
introduces a bias similar to the word ‘‘ultimate.’’ We saw that the latter comes
from ultimare, which means to ‘‘come to an end,’’ while the former is the doctrine
of last things. Taken literally, those words a priori rule out cyclical views of the
universe, where there is no past or future end point.

Our discussion of cognitive attractors to understand the origin (Chap. 4) also
applies to the future. Let us give brief hints of why it is the case. What are our
cognitive attractors for the future? What do we expect? In the optimistic case,
civilizations long for a kind of immortality (see Chap. 10). It can take the form of a
point (e.g., heaven) or a cycle (e.g., with reincarnation cycles). We find the idea of
multiple reincarnation or resurrection not only in Eastern philosophies, but also in
contemporary Christian theology (see e.g., Hick 1976; Steinhart 2008). From a
physical perspective, as we shall see below, the attractor point can be a cosmic
doom scenario, where everything is stabilized to a uniform and lifeless state. Many
cosmological models are cyclical, such as Tolman’s (1934), the phoenix universe
(Dicke and Peebles 1979), the famous chaotic inflation scenario (Linde 1990),
Smolin’s (1992) cosmological natural selection, or Penrose’s (2011) recent con-
formal cyclical cosmology. We also mentioned in Chap. 4 the model of continuous
creation of Hoyle and Narlikar, which is associated with a line rather than a point
or a cycle. There are also cosmological models that include a role for intelligent
life, which we shall examine in more detail in Chap. 8. As with the origin, there are
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psychological difficulties over accepting a cyclic future. But this is a problem only
if one holds a point-like metaphysics that requires an ultimate beginning or end.

Importantly, different eschatologies focus on different ‘‘ends.’’ Do we mean the
end of a human life? Of humanity? or of all things? Not surprisingly, we focus here
on the end of all things, since we want to avoid anthropocentrism or spe-
cies-centrism. Inspired by Freitas (1979, Sect. 22.4.4), I distinguish four kinds of
eschatology: eternalistic, historical, naturalistic, and physical.

Eternalistic eschatologies see time as an endless cycle of eternal recurrence. We
already discussed eternal return (Sect. 4.3.4) and its many associated difficulties.
For the stoics of ancient Greece and for Indian thinkers, time moves in cycles.
Buddhists and Hindus believe in cycles of creations and destruction.

Historical eschatologies are grounded in linear time. Western traditions such as
Christianity, Judaism, or Islam believe in a beginning and an end of time. Even the
title of this book, The Beginning and the End, shows this Western bias. In Plato’s
Republic, death is accompanied by a judgment, where the immortal soul is
rewarded or punished before choosing the condition of its next existence. The
nature of this new existence is a topic in theology.

Naturalistic eschatologies emphasize harmony with nature. Goodness is seen as
unity with nature, while wrongness is seen as alienation from nature. Interestingly,
the main concern is to be in harmony with nature here and now, and not the
prospect of a far future state after death. This is illustrated in Taoism, where there
is virtually no interest in the beginning or the end of the universe (Ward 2002, p.
235).

Eschatology has most often been discussed within religious doctrines. But this
need not be. Milan Ćirković (2003) wrote a review of scientific approaches to this
topic, physical eschatology, gathering more than 200 references. Still, if we
consider from a symmetry argument that past and future studies should have equal
importance in treatment, there are surprisingly few studies about the far future
universe compared with studies of the early universe. Ćirković argued that
physical eschatology is a part of science:

Since the laws of physics do not distinguish between past and future (with minor and poorly
understood exceptions in the field of particle physics), we do not have a prima facie reason
for preferring ‘‘classical’’ cosmology to physical eschatology in the theoretical domain.

It is correct that most physical laws are reversible in time with the notable
exception of thermodynamics. The reconciliation of classical, relativistic, and
quantum theories with thermodynamics is a major challenge in contemporary
physics. It gives rise to thorny issues such as the arrow of time. Inspired by a
science fiction novel by Gregory Benford (1978), Freitas proposed that an
advanced civilization would focus on a ‘‘thermodynamic eschatology’’ striving to
halt or reverse entropic processes in this universe. However, it is not necessarily
the best strategy to fight frontally against such a widely confirmed physical law as
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the second law. It leads to the dream of a perpetual motion machines (Ord-Hume
1977). On the contrary, it was by accepting the laws of conservation of energy that
engineers were able to design more and more efficient engines and machines.

Thanks to modern theoretical physics and astrophysics, many of the questions
regarding the ultimate fate of the universe are thus now quantitatively addressed
within the field of physical eschatology. What will happen to the Earth and the Sun
in the far future? The story developed by modern science is a gloomy one. In about
5 billion years, our solar system will meet its end, with our Sun turning into a red
giant star, making the surface of Earth much too hot for the continuation of life as
we know it. The solution then appears to be easy: migration. But even if life were
to colonize other solar systems, there will be a creeping death of all stars in
galaxies. Once stars have converted the available supply of hydrogen into heavier
elements, new star formation will come to an end in the galaxy. In fact, the
problem is worse. It is estimated that even very massive objects such as black
holes will evaporate in about 1098 years (Adams and Laughlin 1997).

Generally, the main lesson of physical eschatology is that in the long term the
universe will evolve irreversibly toward a state of maximum entropy, or heat
death. This is a consequence of the second law of thermodynamics, one of the
most general laws of physics. It was first applied to the universe as a whole by
Hermann von Helmholtz in 1854. Since this heat death discovery, a pessimistic
worldview has spread that sees the existence of humanity as purposeless and
accidental in the universe (e.g., B. Russell 1923; S. Weinberg 1993b). The fatalism
of this worldview can lead people to lose their sense of the meaning of life.

Modern cosmology shows that there are some other models of the end of the
universe (such as Big Bounce, Big Rip, Big Crunch: for an up-to-date review see
Vaas 2006). The point is that none of them allows the possibility of the indefinite
continuation of life as we know it. If any of the cosmic doom scenario is correct, it
implies that the indefinite continuation of life is impossible in this universe. What
is the point of living in a universe doomed to annihilation? Ultimately, why should
we try to solve the mundane challenges of our daily lives and societies if we
cannot even imagine a promising future for life in the universe? If we recognize
this fundamental issue, then we should certainly do something to avoid it, and thus
try to change the future of the universe.

On the other hand, there is an apparent paradox caused by this increase of
entropy and the accelerating increase of complexity in the universe (e.g., Livio
2000; Chaisson 2001; Morowitz 2002; Kurzweil 2005). Chaisson (2001) showed
with a thermodynamic analysis that this paradox can be resolved. It is the
expansion of the universe itself that allows a decrease of entropy locally, while
there remains an increase in entropy globally. But which of the two trends will turn
out to be dominant in the long term remains unsettled.

In short, are we ultimately going toward rising entropy or rising complexity? A
few authors have proposed some speculative solutions, but we shall see that they
are insufficient because none of them presently allows the infinite continuation of
intelligent life. I shall argue instead that intelligent civilization in the far future
could make a new universe (Chap. 8). Although this may sound like a proposition
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from a science fiction story, I shall consider it within a philosophical agenda, by
addressing objections seriously and replying carefully to them, and by comparing
the idea to alternatives.

What are the limits of this complexity increase? The best way to test ideas
regarding the future of complexity increase is to search for advanced extrater-
restrial intelligence (ETI, see Chap. 9). For example, if we speculate that ETI
might play snooker with stars, we should see much more star collisions, and stars
moving on unpredictable trajectories. This is not the case, so we probably are not
missing out on cosmic snooker games. Philosophically, the search for extrater-
restrials is also a topic of fundamental importance. Are we alone in the universe? If
you want to know who you are as a human being, you must compare yourself to or
interact with others. The same holds for humanity as a whole. If we want to
understand our place in the universe, there is no better option than to search for
other life forms, in the hope of finding them and comparing ourselves to them.

It is easy to predict that as humanity becomes more and more connected and
ever more in harmony as a globalized entity, the question ‘‘Who am I in the
universe?’’ will only become more pressing. I chose to title Part III ‘‘Our future in
the universe’’ and not ‘‘The future of the universe’’ because we are immersed in the
universe and implicated in it. We are not merely spectators, we are actors in the
great show of cosmic evolution. And to act in the universe, we need values and
ethics. This is why Chap. 10 is key to this part.

We should note that the proposition of involving intelligent life in the fate of
the universe is at odds with traditional science. In the characteristic worldview of
modern science, it is often suggested that the emergence of intelligence was an
accident in a universe that is completely indifferent to human concerns, goals, and
values (e.g., S. Weinberg 1993b; Stenger 2007). I challenge both this proposition
and another one that is commonly associated with it, namely that intelligent civ-
ilization cannot have a significant influence on cosmic evolution. A recurring
objection to the importance of this topic is that it is too far away to be worthy of
consideration. If this is your opinion, I invite you to ponder a thought experiment
about global warming and universal cooling.

Imagine you are at a classy cocktail party, and you meet the rich CEO of a
coal-fired power station. You strike up a conversation:

– What do you think about global warming?
– It’s not my job to think about it.
– There’s wide agreement that coal burning largely contributes to global warming.
– So what?
– I’m wondering how you can be morally comfortable about the major impact of

your industry on the planet. Don’t you care?
– Not at all. Global warming isn’t my problem, it’s for future generations. I focus

on providing energy to people, and incidentally making money.
– But who’s going to tackle the problem if each generation reasons like you?
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What would be your opinion of this CEO? At the very least, you’d think that he’s
not highly morally developed because he doesn’t care about future generations. I
have the same impression when friends or colleagues quickly dismiss cosmic
doom scenarios as ‘‘not their problem’’ because they are too far in the future. The
fact that so many people on Earth care about global warming is a truly extraor-
dinary shift of mindset. It means we have extended our worldviews to future
generations and to planet Earth as a whole. As we extend our worldview further,
why should we stop there, with a sphere of compassion limited to the size of our
tiny planet? I predict that future generations will increasingly care not only about
global warming but also about the heat death of the universe, which is actually a
universal cooling, or indeed about any cosmic doom scenario that could threaten
the survival of life in the universe.

What is good and what is evil? I address this issue in Chap. 10. What lessons
can we learn from our cosmological worldview? What does this cosmological
perspective imply for our actions and values here and now? What is our purpose in
the universe? What are the ultimate goals or results that intelligence is seeking in
the universe? What is the meaning of life in this cosmological perspective? At first
sight, evolutionary reasoning tells us that survival is the ultimate value. But sur-
vival of what? And for how long? Can we aim as high as immortality? If so, which
kind of immortality can we long for?

Guessing the future is a notoriously perilous enterprise. Part III will thus be
more speculative. In Chap. 8, we explore a philosophical extension of Lee Smo-
lin’s cosmological natural selection (CNS), which is itself already often regarded
as speculative. In Chap. 9, I shall explore heuristics to search for ETI, and even
argue that we may well already have found ETI much more advanced than us.

Speculating on those issues can easily lead us too far. For this reason, we need
to have clear ideas on why we speculate. As I wrote in the preface, I distinguish
three kinds of speculations to navigate into their variety (Vidal 2012a):

1. Scientific: a speculation is scientific, if we have strong reasons to think that
future observations or experimentations will corroborate or refute it.

2. Philosophical: a speculation is philosophical, if it extrapolates from scientific
knowledge and philosophical principles to answer some fundamental philo-
sophical problems.

3. Fictional: a speculation is fictional, if it extends beyond scientific and philo-
sophical speculations.

Let us outline how we shall tackle those numerous issues:
Chapter 7 explores the future of scientific simulations, and the implications for

our understanding of the universe. As Paul Davies wrote above, through cosmic
evolution and the emergence of humans and science, ‘‘the laws of the universe
have engineered their own comprehension.’’ This self-awareness is dazzling.
Where will this trend find a limit? We further develop and motivate the already
mentioned extension of Artificial Life to Artificial Cosmogenesis.
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Chapter 8 presents two kinds of cosmological selection. First, cosmological
natural selection (CNS) is a remarkable theory applying ideas from evolutionary
biology in cosmology. Second, cosmological artificial selection is a philosophical
scenario extending CNS with a philosophical agenda. I discuss the history of both
and formulate critical objections. Through the CAS scenario, we shall see sur-
prising links between the study of the origin and our possible future in the uni-
verse.

Chapter 9 addresses the big question: Are we alone in the universe? In Chap. 6,
we unveiled the real difficulties behind the fine-tuning issue, namely, that we only
know one universe, ours. To progress, we concluded that we must study other
possible universes. In a similar fashion, we know in detail only one instance of the
development of higher complexity: life on Earth. If we want to understand the
general future of complexity in the universe, it would be invaluable to find other
cosmic intelligences. The discipline of astrobiology promises to fill this gap, and
we shall lay the foundations for the more specific subdiscipline of high energy
astrobiology. I propose a testable hypothesis to detect the existence of very
advanced civilizations and suggest that we may already have observed them. Since
they actively feed on stars, I call them starivores.

Chapter 10 brings us back down to Earth with cosmological wisdom. I explore
foundations for ethics on a cosmological scale, a cosmological ethics. I build on
thermodynamic, evolutionary, and developmental values and argue that the ulti-
mate good is the infinite continuation of the evolutionary process. I apply the
framework to a ubiquitous longing of humanity: the will to immortality. I survey
five kinds of immortality and their relation to the definition and development of the
self.

Let me sum up. Chapter 7 emphasizes the importance of scientific simulations
for understanding our universe. Chapter 8 presents two kinds of cosmological
selection and introduces CAS, a philosophical scenario linking the beginning and
the end of the universe and offering a meaning for life and intelligence in the
universe. Chapter 9 is about understanding who we are in the universe, by
searching for and perhaps finding extraterrestrials far more advanced than us.
Chapter 10 concludes Part III with an outline of basic principles for a system of
universal cosmological ethics, illustrated with five different kinds of immortality.
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Conclusion

Science cannot solve the ultimate mystery of nature.
And that is because, in the last analysis,
we ourselves are part of nature and therefore
part of the mystery that we are trying to solve.

Max Planck (1932)

It is time to take a big picture perspective on our intellectual adventure.
In Part I, I built scaffolding for answering our childishly simple big questions.

Adults usually fail to answer such deeply philosophical questions. This is for a
very good reason: answering the big philosophical questions demands both
philosophical care and scientific expertise.

The elucidation of the nature of philosophy and its method is a delicate and
arduous endeavor because throughout its history philosophy has cultivated more or
less strong ties with art, religion, and science. As a result of this mixing with other
disciplines, and because the scientific enterprise is becoming increasingly
interdisciplinary, I have focused on developing the concept of a worldview,
which holds promise for a meaningful integration of human knowledge.

We saw in Chap. 1 that we all both have and need a worldview, even if it is only
implicit. To make it explicit requires introspection and philosophizing, but the gain
in perspective is priceless. To do so is to look at how we look at the world. I have
argued in favor of the tradition of philosophical systems that strive to build
coherent and comprehensive worldviews.

Philosophy is a rich domain constituted by six dimensions, each concerned with
different kinds of questions. The descriptive, normative, and practical dimensions
try to answer what is, what is good and bad, and how to act in the world. The
practice of the dialectical dimension consists in stating and reconstructing issues
and a variety of positions toward them. It is essential in order to avoid forming
premature doctrines and sinking into dogmatism. The critical dimension of
philosophy is valued both in continental and analytical philosophy. It is an
intellectual acid that can attack any proposition. Finally, the synthetic dimension is
the climax of philosophizing, the one aiming at coherent and comprehensive
worldviews, but also its most demanding dimension. To handle it successfully, one
must master and juggle all of the other five dimensions.
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Furthermore, given that we all develop different worldviews depending on our
culture, education, or psychology, in Chap. 2 I tackled the question of how to
compare worldviews. Recognizing six philosophical dimensions and making the
worldview agenda explicit were the first steps. I then developed in detail nine
criteria to compare worldviews, classified in three broad categories: objective
criteria (objective consistency, scientificity, scope), subjective criteria (subjective
consistency, personal utility, emotionality), and intersubjective criteria (intersub-
jective consistency, collective utility, narrativity). From the criteria and the agenda,
I derived worldview assessment tests (the is-ought, ought-act, and is-act first-order
tests; the critical and dialectical second-order tests; the mixed-questions and
synthetic third-order tests; and the we-I, we-it, and it-I tests).

I see the six dimensions, the worldview agenda, the nine criteria, and the seven
tests as metaphilosophical apparatus to understand, improve, compare, and
constructively criticize different religious, scientific, or philosophical worldviews.
I outlined in Chap. 3 the major strengths and weaknesses of those three kinds of
worldviews, and argued that the way to synthesize them is to build comprehensive
theological or philosophical worldviews.

As William James noted, an important outcome of philosophical activity is to
give birth to new scientific disciplines. The almost Oedipal stage of a scientist
saying that philosophy is dead, that he doesn’t need it, is actually a sure sign that
the scientific field can sustain itself. Philosophy has done its job, and the umbilical
cord can indeed be cut. The second stage of scientific maturity is the realization
that killing philosophy, like killing one’s parent, was finally not such a good idea,
at least if we want to remain creative, to question the foundations of science and
tackle the deepest mysteries of nature.

With hindsight, I proposed giving birth to two new research fields. The first
regards the exploration of possible universes, which has so far chiefly been a
metaphysical recreation. I defined the field of artificial cosmogenesis (Sect. 6.3
and Chap. 7) in order to study possible universes scientifically. The second regards
the search for advanced extraterrestrials. Here too, the field is usually very spec-
ulative and actually most often explored not by philosophers or scientists but by
science fiction authors. With the starivore hypothesis (Chap. 9) and the more
general field of high energy astrobiology, I showed that existing knowledge in
astrophysics demands a reassessment from an astrobiological viewpoint.

In Part II, I focused on the origin of the universe. I first outlined seven
fundamental challenges underlying the quest for ultimate explanations:
epistemological, metaphysical, thermodynamic, causal, infinity, free parameters,
and fine-tuning. I conducted a detailed study on the last two only: free parameters
in Chap. 5 and the fine-tuning conjecture in Chap. 6. Of course, the awareness of
the five other challenges was in the background and helpful in clarifying analyses
and conclusions throughout this book.

In Chap. 4, I applied the concept of the origin to itself, and asked what are the
origins of the origin? In other words, what do we cognitively expect to be a satisfying
answer to the ultimate origin of the universe? I argued that our explanations fall into
two kinds of cognitive attractors: the point explanation and the cycle explanation.
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An analogy from dynamical systems theory clearly shows that these correspond to
the simplest attractors: the fixed point (0-dimensional) and the limit cycle
(1-dimensional). We have no reason to exclude n-dimensional attractors or strange
attractors (noninteger-dimensional) whose nature are fractal. Admittedly, it
becomes challenging for our brains to think about the origin in such terms.

The major thesis of Chap.5 was that free parameters in particle physics models
will be reduced to free parameters in a cosmological model. It is a fundamental
issue in physics and cosmology to reduce or explain those remaining free
parameters. I analyzed the issue with physical, mathematical, computational, and
biological backgrounds. But are those free parameters further fine-tuned for life or
complexity?

To answer this much debated fine-tuning issue, I started by reviewing the
probabilistic, logical, and physical fallacies that surround it. Then I distinguished
the issue from seven other closely related issues: free parameters, parameter
sensitivity, metaphysical issues, anthropic principles, observational selection
effects, teleology, and theology.

I introduced the cosmic evolution equation as a central conceptual tool to study
how robust our universe is when it comes to the emergence of complexity and to
what extent it is fine-tuned compared to other possible universes. The fine-tuning
issue can then be formulated as: ‘‘Are fecund universes rare or common in the
space of possible universes?’’ The straightforward way to answer such a difficult
question is to explore the space of possible universes, through artificial
cosmogenesis. Although it would be extremely ambitious and computationally
intensive, in Chap. 7 I gave more arguments to show why artificial cosmogenesis is
a natural outcome of future scientific activity. Since comparing our universe to
other possible ones has just gotten under way, I concluded that the fine-tuning of
our universe can at most be a conjecture.

Studying the fine-tuning conjecture is one thing, explaining it is another. I
showed the shortcomings of eight classical explanations: skepticism, necessity,
fecundity, god of the gaps, chance of the gaps, weak anthropic principle of the
gaps, multiverse, and design. This left two additional explanations inspired by
evolutionary theory: cosmological natural selection (CNS) and cosmological
artificial selection (CAS), which I discussed and critically analyzed in detail in
Chap. 8.

I started by reviewing the history of cosmological natural selection and
formulated objections to it. To remedy these objections, I introduced cosmological
artificial selection and reviewed its generally unknown history. This evolutionary
scenario is my core thesis, a philosophical speculation aimed at explaining the
fine-tuning issue and the meaning of life and intelligence in the far future universe.

Such an ambitious thesis naturally triggers many objections, and I formulated
and addressed eight of them. I then summarized four different roads leading to
CAS and further substantiated this scenario by showing that because it is so broad,
it has limited alternatives. Furthermore, I showed that the nine other alternatives
encounter problems and difficulties.
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Once the development of intelligence is seen as a central feature of our
universe, we can address the issue Max Planck evokes in the quote above. We need
to take into consideration ourselves and intelligence in general if we want to solve
the ‘‘ultimate mystery of nature’’. However, according to CAS, the greatest
outcome of the scientific enterprise is not an almost spiritual quest to find the key
to the mysteries of nature, but actually a more practical activity: to make universes
in order to avoid cosmic doom.

CAS finally invites us to focus more on the future of the universe than on its
past. Indeed, we will probably never know what happened at the big bang or
‘‘before’’ it. But thinking about the far future leads to increasing understanding of
the beginning. This led us to the architect point of viewv: The more we are in a
position to make a new universe, the more we shall understand our own universe.

We saw that assessing the robustness of the emergence of life and intelligence
in the universe is a central issue. I showed how it can be tackled with extensive
runs of computer simulations. However, there is a shortcut, which is to search for
extraterrestrials—the natural ‘‘re-runs’’ of the tape of life.

In Chap. 9, I thus focused on the search for advanced extraterrestrials. Why
advanced? Because it would be much more informative, insightful, and disruptive
to find extraterrestrials 2 billion years older, rather than finding an extraterrestrial
bacterium. On the historical side, I clarified the fundamental importance of
astrobiology, whose outcome will lead to major scientific worldview changes. On
the methodological side, I first debunked many implicit and limiting assumptions
in past and current searches and then summarized and compiled criteria for
artificiality.

When I started to think about extraterrestrials, it was as an intellectual
challenge, trying to explore how CAS could help. This started without scientific
pretension, but to my surprise such extreme speculations quickly turned into a
scientific hypothesis, the possible existence of starivores, civilizations feeding
actively on stars. The hypothesis is now ready for rigorous empirical and scientific
assessment. You may recall the open questions section at the end of Chap. 9, my
concrete scientific research proposals and the associated High Energy Astrobiol-
ogy prize. I am looking forward to congratulating the winner of the prize.

Even proving that the hypothesis is wrong, which of course is also worthy of the
prize, speculating about advanced extraterrestrials gives a unique cosmological
perspective on humanity and its role in the universe. In the meantime, what about
us and our values?

Finally, in Chap. 10, I outlined foundations for a cosmological ethics. I focused
on very general ethical principles, as far as possible applicable to all living things.
I thus critically outlined thermodynamic, evolutionary, cybernetic, and develop-
mental values. As an application of the cosmological ethical framework, I dis-
cussed in detail five conceptions of immortality, from the personal spiritual and
individual immortalities to the transpersonal creative, evolutionary, and cosmo-
logical immortalities. I argued that the ultimate good is the infinite continuation of
the evolutionary process.
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Our time is unique. Humans are connecting both via and with more and more
networked and pervasive computers, creating a new level of planetary intelligence
best conceptualized as a global brain. We are also on the brink of confirming
the existence of extraterrestrial life, via astrobiology or high energy astrobiology,
which would refute biocentrism or intellicentrism.

This event will change our worldviews forever, and thanks to the cosmological
perspective developed in Part III, we are ready. But the scenario of cosmological
artificial selection also prepares us to be ready for the eventual refutation of
univercentrism, the belief that our universe is somehow central and unique. This
would defeat the very last bastion of anthropocentrism.

Is it a tragedy that we shall probably die before witnessing such major and
magnificent evolutionary or worldview transitions? No, because if we become
wise enough to endorse a cosmological ethics and grow toward a will to
cosmological immortality, we are also ready to die as individuals.

All in all, what is the meaning of your life in a cosmological perspective? Of
course, it was not the purpose of this book to tell you what the direction of your
personal life should take. Becoming a doctor, a dancer, or a high energy
astrobiologist remains your own choice. Yet you might want to better harmonize
your life with the whole of cosmic evolution. This practical shift remains to be
worked out, but at least we have set some theoretical foundations. In a nutshell,
here is the meaning of life in a cosmological perspective: It is to replicate at the
grandest scale, through an intimate connection of intelligence with the universe.

Instead of seeing the cosmos as hostile to life and intelligence, I would like to
end with a short poem, Cosmosis, conveying a vision of cosmic evolution as a love
story; a love story between the cosmos and its precious intelligence:

To begin, love is ego.
Then opening to alter ego,
now growing to Earth.

Yet, only from the osmosis
Between wisdom and the cosmos
ends love in an infinite cosmosis.
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Appendix I
A Cosmic Evolutionary Worldview: Short
Answers to the Big Questions

Introduction1

Across the centuries, humanity has been wondering about its existence and its
place in the universe. Human beings employed insights from myths, religions, art,
philosophy, and science to make sense of the world around them.

However, in the current era of accelerating scientific, cultural, and social
developments, all the old certainties are put into question. The resulting confusion
and fragmentation often lead to pessimism and uncertainty, and a need for
psychological guidance in the form of a clear and reliable system of thought.

This need makes it important to search for a coherent and comprehensive
worldview by finding new answers to the big questions associated with this quest
for understanding. Answering them explicitly is traditionally a task that has fallen
to philosophy, and often took the form of comprehensive and coherent systematic
philosophical treatises. The great philosophical systems are of this sort.
Regrettably, this trend seems to have fallen out of fashion, since most of
today’s philosophy is busy with second-order problems (Adler 1965).

In contrast to most contemporary philosophical practice, below are tentative
and provisional responses to first-order philosophical questions. The answers to
these questions together determine a worldview, i.e. a comprehensive
philosophical system, a coherent vision of the whole. A worldview gives
meaning to our life, and helps us to understand the world around us.

Each worldview question would need at least a book to answer it properly.
Moreover, the most appropriate way to answer them is with a systematic
philosophical system (e.g. Bunge 1974; Rescher 1992). I do not have that objective
here. Instead, I provide below very short responses as positions, not arguments.
I give some main references to the works that influenced me, where the curious
reader will be able to find many detailed arguments. Before I start, it is worth
recalling the many advantages of explicitly stating one’s philosophical position.

1 Eventual updates to this ‘‘philosophical identity card’’ can be found at: http://www.evodevo
universe.com/wiki/A_Cosmic_Evolutionary_Worldview:_Short_Responses_to_the_Big_Questions.
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First, these short responses will obviously let the reader grasp my position
quickly. The position is stated transparently and straightforwardly, using a
minimum of technical concepts.

Secondly, the task of answering those questions is a daring effort. I balance this
great ambition with great caution in answers I provide. They are non-dogmatic,
provisional, revisable, and sometimes falsifiable. The responses proposed here are
mixed philosophical and scientific conjectures to make sense of the world.
Accordingly, some of them are speculative. They are of course not definitive. In
such a short format, I also do less than justice to the pros and cons of alternative
positions (the dialectical dimension of philosophy). This doesn’t mean that I’m
unaware of them. Still, if you think I’ve missed either something important or a
position clearly better than the ones presented here, please contact me. Like any
good philosopher and scientist, I very much value and warmly welcome criticism
and any further reflection you might have reading this text.

Thirdly, this transparency in responding to basic questions allows efficient
debate and communication. Many debates and disagreements get lost in details,
without touching the heart of issues at stake. This practice of answering first-order
questions can save an enormous amount of time in confusing debates, because
enduring disagreements always end up in disagreements about such fundamental
questions. I invite you to do the same exercise before reading what follows, and
simply answer the worldview questions for yourself. Feel free to use the following
space to outline your main worldview answers. Good luck!
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Make Your Worldview Explicit!

(g) Where do we start from?  

(a) What is? Ontology (model of being) 

(b) Where does it all come from? Explanation (model of the past) 

(c) Where are we going? Prediction (model of the future) 

(d) What is good and what is evil? Axiology (theory of values) 

(e) How should we act? Praxeology (theory of actions) 

(f) What is true and what is false? Epistemology (theory of knowledge) 
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My Worldview Made Explicit

(g) Where do we start from?

Before proposing responses to those big worldview questions, here are some
preliminary considerations, laying bare how I start this enterprise. The
(meta)philosophical framework and method are mainly inspired by the works of
Adler (1965, 1993), Rescher (1985, 2001, 2006), and Bahm (1979).

If I had to choose a philosophical stream, I would say I am mostly influenced by
systems philosophy (esp. Laszlo 1972b; Heylighen 2000b, 2010b on which this text
is based). To summarize it in one sentence, its ‘‘data come from the empirical
sciences; its problems from the history of philosophy; and its concepts from
modern systems research’’ (Laszlo 1972a, p. 12). We may add to systems theory an
interdisciplinary problem solving approach and evolutionary developmental
theory, applied on many scales (Vidal 2008a).

(i) The worldview agenda

I start with the philosophical agenda described in Chap. 1.

(ii) The metaphilosophical criteria

Once the questions are asked, we obviously need to answer them and use
standards to evaluate their strengths and weaknesses. In Chap. 2, I developed nine
criteria and a battery of tests to compare and assess different worldviews. Which
criteria do I value most?

The aim in Chap. 2 was descriptive. As to how I use the criteria prescriptively
to answer the agenda of the worldview questions, here I use above all objective
criteria (objective consistency, scientificity, and scope) to construct a coherent and
comprehensive cosmological worldview. In this cosmic evolutionary worldview,
the scope in level depth is maximally wide in time and space, concerning the
whole universe. As objective criteria are maximally satisfied, I turn to subjective
and intersubjective criteria to make the worldview successfully applicable in the
conduct of a good life and in the organization of a good society. The pursuit of a
good life and a good society is then harmonized with cosmic evolution.

(a) What is?

As a preliminary remark, I am generally skeptical about reductionist ontological
statements. Reality is complex, evolving, and multi-layered, and different
ontologies are more or less appropriate to analyze and solve different problems.
Dooyeweerd’s (1953) fifteen aspects, although static rather than dynamic, offer an
example of a non-reductionist ontology.

My ontological commitment goes toward systems theory, which aims to offer a
universal language for sciences (e.g. von Bertalanffy 1968; Boulding 1956). It is
also very fruitful for philosophizing (e.g. Laszlo 1972a). It is best combined with
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evolutionary reasoning, which gives rise to an evolutionary-systemic approach
(Heylighen 2000b).

I choose an ontology of actions and agents, i.e. elementary processes and
relations, not independent, static pieces of matter (in the spirit of Whitehead (1930),
Lazslo (1972a), Jantzch (1980), etc.). Out of their interactions, organization emerges.
Through evolutionary processes, these systems become more complex and adaptive,
and start to exhibit cognition or intelligence, i.e. the ability to make informed choices.

(b) Where does it all come from?

Modern science explains—at least in part—the harmony within nature,
connecting physical, chemical, biological, and technological evolution (e.g.
Chaisson 2001; De Duve 1995). Regarding the origin of the universe, although Big
Bang models are a success of modern cosmology, the initial conditions remain
mysteriously fine-tuned (e.g. Leslie 1989, 1998; Rees 1999; Davies 2008). In
Chap. 6, I concluded that fine-tuning is hard to prove and that it is at most a
conjecture. Whatever possible explanation we favor, we need to cope with difficult
metaphysical choices (Vidal 2012a). The scenario of cosmological artificial
selection (CAS) developed in Chap. 8 connects the origin and future of the uni-
verse with a role for intelligent life (Vidal 2008b, 2010a, 2012a).

(c) Where are we going?

Modern science has shown that there are two trends at play in cosmic evolution.
First, there is a tendency to produce more order, with the emergence of ever more
complex systems, from galaxies, stars, and planets to plants, humans, and our
technological society (Chaisson 2001; Kurzweil 2005; Morowitz 2002; Livio
2000). Secondly, the second law of thermodynamics applied to the universe as a
whole implies that in the far future the universe will change irreversibly toward a
state of maximum disorder, or heat death (e.g. Adams and Laughlin 1997). The
outcome of these two opposite trends remains unsettled.

The discovery of the heat death led to the spread of a pessimistic worldview that
sees the existence of humanity as purposeless and accidental in the universe
(Russell 1923; Weinberg 1993b). With Darwin (1887b, p. 70), I estimate that ‘‘it is
an intolerable thought that he [man] and all other sentient beings are doomed to
complete annihilation after such long-continued slow progress’’.

Hopefully, the first trend will prove to be more promising. The process of on-
going complexification and adaptation can reasonably be extrapolated into the
future. This allows us to predict that in the medium term, conflict and friction
within human society will diminish, cooperation will expand to the planetary level,
and individual and collective intelligence will be spectacularly enhanced.

Generally, more advanced biological organisms build more and more
sophisticated representations of their surroundings (Russell 1995). The research
field of artificial cosmogenesis pushes this trend to its limit, to the point where
intelligent life constructs a model of the whole universe. This modeling capacity
can be used to understand not only our own universe, but also other possible
universes (see Sect. 6.3). The radical proposal of cosmological artificial selection
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(CAS) developed in Chap. 8 is that in order to avoid the effect of the second law of
thermodynamics, those toy universes could become a blueprint for a new universe
(Vidal 2008b, 2010a, 2012, 2012a).

This scenario is a mixed scientific and philosophical speculation. It is
philosophical because it involves a role for intelligent life, and so the success of
CAS depends on our conscious choices for the future of cosmic evolution. It thus
requires an axiological dimension, proper to philosophy, which we explored in
Chap. 10.

CAS has also a scientific aspect, since its general perspective gives rise to far-
reaching consequences and implications regarding the search for advanced
extraterrestrials. To confirm or disconfirm the existence of the starivores I
introduced in Chap. 9, we must approach the question scientifically within the field
of high energy astrobiology.

(d) What is good and what is evil?

The inner drive or implicit value governing all life is fitness, i.e. survival,
growth, development, and reproduction. From a human perspective, this
fundamental value includes a sustainable quality of life, well-being, or
happiness. Evolutionary, developmental, thermodynamic, psychological, and
cybernetic theories allow us to derive a number of more concrete objectives
from this overarching value, i.e. properties that are necessary for long-term well-
being. These include openness, diversity, intelligence, knowledge, cooperation,
freedom, personal control, health, and a coherent and comprehensive worldview.

In the longer term, fitness implies increasing adaptiveness and evolvability
beyond human society as we know it. Actions that promote these values with the
least friction possible are intrinsically good, and actions that suppress them are
bad.

As our psychology grows in higher stages of development, we make sure our
values do not conflict with higher evolutionary systems. Not only do I try to
improve my happiness, but my happiness becomes more and more tightly linked
with my family, my country, society, humanity, the planet, and the cosmos.
Ultimately I should act from awareness of and compassion with such a hierarchy,
combining the values of my own life with the sustainability of larger and larger
evolutionary systems.

At heart, humans have a will to immortality (e.g. Turchin 1990; Lifton and
Olson 2004). In my worldview, this takes the form of an endless, infinite cosmic
evolution. The metaphysical and speculative part of cosmological artificial
selection translates this will to immortality into an infinite process of evolution
sustained by intelligence making offspring universes (Vidal 2008b, 2010a; 2012;
esp. Vidal 2012a).

(e) How should we act?

To maximize the achievement of these values in real life, we need to overcome
a variety of problems and obstacles. Cognitive sciences, cybernetics, and complex
systems science suggest various tools and strategies to tackle complex problems,
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and to stimulate self-organization so as to be as efficient as possible. These
methods include feedback control, anticipation, hierarchical decomposition,
heuristic search, stigmergic coordination, extended mind, and memetic
engineering.

At the level of society, these methods define a strategy for effective governance,
for the maximization of collective intelligence and the minimization of friction and
conflict.

There is a trend in cosmic evolution to do ever more with less energy, space,
and time (Smart 2009). Using less energy and fewer resources to achieve more is
also at the heart of productivity principles. On the personal productivity side, The
Getting Things Done method combines high productivity with low stress (Allen
2001; Heylighen and Vidal 2008).

(f) What is true and what is false?

This is a second-order question concerning knowledge about knowledge. Also,
the domains of epistemology and ontology are closely related. We can divide this
question into the following two questions (Heylighen 2000b, p. 15):

• What is knowledge? This question defines the domain of epistemology.

Science can be seen as a natural outcome of the more general evolutionary
pressure to gain more and more accurate knowledge (Campbell 1974). Knowledge
is the existence in a system of a model that allows that system to make predictions,
i.e. to anticipate processes in its environment. Thus, the system gains control over
its environment. Such a model is a construction, not an objective reflection of
outside reality (Turchin 1993; Heylighen 1997a).

• What is truth?

There are no absolute truths. The truth of a theory is merely its power to
produce predictions that are confirmed by observations (Turchin 1993). The
scientific enterprise is one of conjectures and refutations (Popper 1962), and there
is a natural selection of ideas and theories that give more power, i.e. prediction and
control (Campbell 1974).

Ultimately, what is the meaning of the phenomenon of science in this
pragmatic, constructive, and evolutionary epistemology? It is not the search for an
ideal ‘‘truth’’ but the pragmatic goal of acquiring knowledge. In the scenario of
CAS, it is to build a model of our actual and other possible universes that could
become, with some variation, a blueprint for a future universe, thereby escaping
predictions of cosmic doom.
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Appendix II
Argumentative Maps

This appendix presents the logical structure of the main arguments presented in
this book. The core problems of our concern are mapped in the first map called the
current reality tree (CRT, Figs. A.5, A.6, A.7, A.8, A.9, A.10, A.11) and the
proposed solution in the second map, called the future reality tree (FRT,
Figs. A.12, A.13, A.14, A.15, A.16, A.17, A.18). To facilitate readability, I first
present a collapsed version of both the CRT (Figs. A.1, A.2) and the FRT
(Figs. A.3, A.4).2

This approach provides an externalization of reasoning so that arguments can
be clearly visualized. This brings many benefits, such as:

• Allowing the reader to grasp the logic of the argumentation quickly and clearly.
• Presenting an alternative structure of the content of the book. The table of

contents and the abstract tend to present a rhetorical and less logical structure.
• Allowing the possibility of a constructive discussion of assumptions and

deductions. For example, a critic can say ‘‘the core problem is not P but Q’’; or
‘‘I disagree that hypothesis X leads to Y, you need implicit hypothesis Z, ...’’ or
‘‘hypothesis W is wrong because ...’’; or ‘‘there is another solution to your
problem, which is ...’’ etc.

However, it should be clear that reading the maps cannot replace reading the
book. Only the core reasoning is mapped, often in a simplified way. The maps also
represent what I consider the core issues and proposed solutions, with no ambition
toward comprehensiveness. Many more arguments are developed and discussed in
the text. You as a reader can distill many other insights from the text. I am not
claiming that these trees should be considered as my dogmatic position. I am in
principle open to other interpretations and emphases. Those who have worked with
argumentative maps know too well that drawing them is above all a basis for
continuous improvement.

To draw the maps I used some of the insights of Eliyahu Goldratt’s theory of
constraints (TOC) and its ‘‘thinking process’’ (see Goldratt and Cox 1984; Goldratt

2 A poster presentation of these maps is available at: http: //student.vub.ac.be/*clvidal/writings/
Vidal-PhD-Poster-Maps.pdf.
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Institute 2001; Scheinkopf 1999). The TOC is a well proven management
technique widely used in finance, distribution, project management, people
management, strategy, sales, and marketing. I see it and use it as part of a generic
problem solving toolbox, where causes and effects are mapped transparently. In
this TOC framework, three fundamental questions are employed to tackle a
problem:

1. What to change?

A core problem is identified, leading to undesirable effects, and mapped in a
‘‘current reality tree’’ (CRT).

2. To what to change?

A solution is proposed and mapped in a ‘‘future reality tree’’ (FRT), which leads
to desirable effects.

3. How to cause the change?

A plan is developed to change from the CRT to the FRT. This third step
involves drawing a transition tree. Such trees are important for practical problems,
but in the more theoretical context of this book, I did not map one.

To tackle the problem in practice, six important questions should be addressed,
constituting ‘‘six layers of resistance to change’’. These questions can be used to
trigger discussions (Goldratt Institute 2001, p. 6):

1. Has the right problem been identified?
2. Is this solution leading us in the right direction?
3. Will the solution really solve the problems?
4. What could go wrong with the solution? Are there any negative side-effects?
5. Is this solution implementable?
6. Are we all really up to this?

The following pages map the core problems (CRT) and my core arguments and
thesis (FRT). I recommend consulting the maps in their original expandable,
collapsible, and zoomable format thanks to the free Flying Logic reader software
and the maps.3
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logic for the CRT and FRT maps.
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Fig. A.1 CRT for Part I and II, collapsed versions
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Fig. A.3 FRT of Part I, expanded
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Fig. A.4 FRT of Part II and III, collapsed
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Fig. A.5 CRT of Part I, expanded
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Fig. A.6 CRT of Part II, Chap. 4
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Fig. A.7 CRT of Part II, Chaps. 5 and 6
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Fig. A.9 CRT of Part III, introduction and Chap. 7
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Fig. A.10 CRT of Chap. 9
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Fig. A.11 CRT of Chap. 10
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Fig. A.12 FRT of Chap. 5, Sect. 5.1
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Fig. A.13 FRT of Chap. 5, Sect. 5.5 and Chap. 8
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Fig. A.14 FRT of Chaps. 5
and 6
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Fig. A.15 FRT of Chap. 7
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Fig. A.16 FRT of Chap. 10
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Fig. A.17 FRT of Chap. 9
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Fig. A.18 FRT of Chap. 8

344 Appendix II: Argumentative Maps



References

Adams, F.C., Laughlin, G.: A dying universe: the long-term fate and evolution of astrophysical
objects. Rev. Mod. Phys. 69(2), 337–372. http://arxiv.org/abs/astro-ph/9701131

Adams, F.C.: Stars in other universes: stellar structure with different fundamental constants.
0807.3697, 23 July 2008. http://arxiv.org/abs/0807.3697

Adler, M.J.: The Great Ideas: A Syntopicon of Great Books of the Western World, vol. 1.
Encyclopaedia Britannica, Chicago (1952a). http://archive.org/details/greatideasvolii030337mbp

Adler, M.J.: The Great Ideas: A Syntopicon of Great Books of the Western World, vol. 2.
Encyclopaedia Britannica, Chicago (1952b). http://archive.org/details/greatideasvolii030
131mbp

Adler, M.J.: The Conditions of Philosophy: Its Checkered Past, its Present Disorder, and its
Future Promise. Atheneum, New York (1965)

Adler, M.J.: The Idea of Freedom. Greenwood Press, New York (1973)
Adler, M.J. (ed.): The Great Ideas: A Syntopicon of the Great Books of the Western World, 2

vols. Franklin Library, Franklin Center, PA (1985)
Adler, M.J.: The Syntopicon an Index to the Great Ideas, 2nd edn., 2 vols. Encyclopaedia

Britannica, Chicago (1990)
Adler, M.J.: The Four Dimensions of Philosophy. Macmillan, USA (1993)
Adler, M.J., Van Doren, C.L.: How to Read a Book. Simon & Schuster, New York (1972)
Aerts, D., Apostel, L., De Moor, B., Hellemans, S., Maex, E., Van Belle, H., Van der Veken, J.:

World Views. from Fragmentation to Integration. VUB Press (1994). http://www.vub.ac.be/
CLEA/pub/books/worldviews.pdf

Aguirre, A.: Cold big-bang cosmology as a counterexample to several anthropic arguments. Phys.
Rev. D 64(8), 83508 (2001). http://arxiv.org/abs/astro-ph/0106143

Alessandra, A.J.: The Platinum Rule: Discover the Four Basic Business Personalities-and How
They Can Lead You to Success. Warner Books, New York (1996)

Allen, D.: Getting Things Done: The Art of Stress-Free Productivity. Penguin (Non-Classics)
(2001)

Anderson, C.G.: ‘Spinning Pulsar’ claims retracted. Nature 343(6260), 679–679 (1990). doi:10.
1038/343679b0

Andréka, H., Németi, I., Németi, P.: General relativistic hypercomputing and foundation of
mathematics. Nat. Comput. 8(3), 499–516 (2009). doi:10.1007/s11047-009-9114-3

Ansoldi, S., Guendelman, E.I.: Child universes in the laboratory. In: Borštnik, N.M., Nielsen,
H.B., Froggatt, C.D., Lukman, D. (eds.), vol. 7(2), pp. 1–9. DMFA, Ljubljana, Slovenia
(2006). http://arxiv.org/abs/hep-ph/0612250

Apostel, L.: Atheïstische Spiritualiteit. VUB Press, Brussels (1998)
Apostel, L.: Why Not Nothing? In: Aerts, D., Van Belle, H., Van der Veken, J. (eds.) World

Views and the Problem of Synthesis, pp. 17–49. The Yellow Book of ‘‘Einstein Meets
Magritte’’. Kluwer Academic Publishers, Dordrecht (1999)

Apostel, L., Van der Veken, J.: Wereldbeelden. Van Fragmentering Naar Integratie. DNB/
Pelckmans (1991)

C. Vidal, The Beginning and the End, The Frontiers Collection,
DOI: 10.1007/978-3-319-05062-1, � Springer International Publishing Switzerland 2014

345

http://arxiv.org/abs/astro-ph/9701131
http://arxiv.org/abs/0807.3697
http://archive.org/details/greatideasvolii030337mbp
http://archive.org/details/greatideasvolii030131mbp
http://archive.org/details/greatideasvolii030131mbp
http://www.vub.ac.be/CLEA/pub/books/worldviews.pdf
http://www.vub.ac.be/CLEA/pub/books/worldviews.pdf
http://arxiv.org/abs/astro-ph/0106143
http://dx.doi.org/10.1038/343679b0
http://dx.doi.org/10.1038/343679b0
http://dx.doi.org/10.1007/s11047-009-9114-3
http://arxiv.org/abs/hep-ph/0612250


Aquinas, St.T. Summa Theologica. Resources for Christian Living 2000. Resources for Christian
Living (1265)

Ashby, W.R.: An Introduction to Cybernetics. Wiley, New York (1956). http://pespmc1.vub.ac.
be/books/IntroCyb.pdf

Ashby, W.R.: Analysis of the system to be modelled. In: Conant, R.C. (ed.) Mechanisms of
Intelligence: Ashby’s Writtings on Cybernetics, pp. 335-355. Intersystems Publications,
Seaside, California (1981a). http://books.google.com/books?isbn=1127197703

Ashby, W.R. The self-reproducing system. In: Conant, R.C. (ed.) Mechanisms of Intelligence:
Ashby’s Writtings on Cybernetics, pp. 75–84. Intersystems Publications, Seaside, California
(1981b). http://books.google.com/books?isbn=1127197703

Asimov, I.: The last question. Science Fiction Quart. 12(4), 715 (1956). http://www.multivax.
com/last_question.html

Auffray, C., Nottale, L.: Scale relativity theory and integrative systems biology: 1 founding
principles and scale laws. Prog. Biophys. Mol. Biol. 97(1), 79–114 (2008). http://luth2.obspm.
fr/*luthier/nottale/arPBMB08AN.pdf

Aunger, R.: Major transitions in ‘Big’ history. Technol. Forecast. Soc. Change 74(8), 1137–1163
(2007a). doi:10.1016/j.techfore.2007.01.006

Aunger, R.: A rigorous periodization of ‘Big’ history. Technol. Forecast. Soc. Change 74(8),
1164–1178 (2007b). doi:10.1016/j.techfore.2007.01.007

Axelrod, R.M.: The Evolution of Cooperation. Basic Books, New York (1984)
Bacon, F.: Novum Organum. Londini: apud Joannem Billium, Typographum Regium (1620).

http://www.constitution.org/bacon/nov_org.htm
Badescu, V., Cathcart, R.B., Schuiling, R.D.: Macro-engineering: A Challenge for the Future.

Springer, New York (2006)
Bahm, A.J.: Philosophy, an Introduction. Wiley, New York (1953)
Bahm, A.J.: The Philosopher’s World Model. Greenwood Press, New York (1979)
Bahm, A.J.: Axiology, the Science of Values; Ethics, the Science of Oughtness. World Books,

Albuquerque (1980)
Baird, J.C.: The Inner Limits of Outer Space. Dartmouth (1989)
Bajema, C.J. (ed.): Natural Selection Theory: From the Speculations of the Greeks to the

Quantitative Measurements of the Biometricians. Benchmark Papers in Systematic and
Evolutionary Biology 5. Hutchinson Ross Pub. Co., Distributed worldwide by Van Nostrand
Reinhold, Stroudsburg, PA, New York, NY (1983)

Baláz, B.A.: The cosmological replication cycle, the extraterrestrial paradigm and the final
anthropic principle. Diotima (33), 44–53 (2005)

Baldwin, P., Price, D.: Debategraph (2008). http://debategraph.org/
Ball, W.W.R.: A Short Account of the History of Mathematics, 3rd edn. Macmillan and co.,

limited; The Macmillan company, London, New York (1901)
Barkow, J.H., Cosmides, L., Tooby, J.: The Adapted Mind: Evolutionary Psychology and the

Generation of Culture. Oxford University Press, USA (1992)
Barnes, L.A.: The fine-tuning of the universe for intelligent life. Publ. Astron. Soc. Australia

29(4), 529–564 (2012). http://arxiv.org/abs/1112.4647
Barrow, J.D.: Impossibility: The Limits of Science and the Science of Limits. Oxford University

Press, USA (1998)
Barrow, J.D.: Cosmology, Life, and the Anthropic Principle. Ann. N. Y. Acad. Sci. 950(1), 139

(2001)
Barrow, J.D.: The Infinite Book: A Short Guide to the Boundless, Timeless, and Endless, 1st

American edn. Pantheon Books, New York (2005)
Barrow, J.D.: New Theories of Everything: The Quest for Ultimate Explanation, 2nd edn. Oxford

University Press, Oxford, New York
Barrow, J.D.: Living in a simulated universe. In: Carr, B. (ed.) Universe of Multiverse?

pp. 481–486

346 References

http://pespmc1.vub.ac.be/books/IntroCyb.pdf
http://pespmc1.vub.ac.be/books/IntroCyb.pdf
http://books.google.com/books?isbn=1127197703
http://books.google.com/books?isbn=1127197703
http://www.multivax.com/last_question.html
http://www.multivax.com/last_question.html
http://luth2.obspm.fr/~luthier/nottale/arPBMB08AN.pdf
http://luth2.obspm.fr/~luthier/nottale/arPBMB08AN.pdf
http://dx.doi.org/10.1016/j.techfore.2007.01.006
http://dx.doi.org/10.1016/j.techfore.2007.01.007
http://www.constitution.org/bacon/nov_org.htm
http://debategraph.org/
http://arxiv.org/abs/1112.4647


Barrow, J.D., Morris, S.C., Freeland, S., Harper, C.: Fitness of the Cosmos for Life: Biochemistry
and Fine-Tuning. Cambridge University Press, Cambridge (2008)

Barrow, J.D., Tipler, F.J.: The Anthropic Cosmological Principle. Oxford University Press,
Oxford (1986)

Basden, A.: Philosophical Frameworks for Understanding Information Systems. IGI Publishing
(2007)

Bateson, G.: Steps to an Ecology of Mind; Collected Essays in Anthropology, Psychiatry,
Evolution, and Epistemology. Chandler Publications for Health Sciences. Chandler Pub. Co,
San Francisco (1972)

Baugher, J.F.: On Civilized Stars: The Search for Intelligent Life in Outer Space Frontiers of
Science Englewood Cliffs. Prentice-Hall, New Jersey (1985)

Baumeister, R.F.: Meanings of Life. Guilford Press, New York (1991)
Bayliss, S.W.M.: Principles of General Physiology. Longmans, Green, and co (1915). http://

archive.org/details/principlesofgene00bayluoft
Bedau, M.A., McCaskill, J.S., Packard, N.H., Rasmussen, S., Adami, C., Green, D.G., Ikegami,

T., Kaneko, K., Ray, T.S.: Open problems in artificial life. Artif. Life 6(4), 363–376 (2000).
http://people.reed.edu/*mab/publications/papers/ALife-6-4.pdf

Bedau, M.A.: The evolution of complexity. In: Mapping the Future of Biology, vol. 266,
pp. 111–130. Boston Studies in the Philosophy of Science. Springer Netherlands, Dordrecht
(2009)

Beech, M.: Rejuvenating the Sun and Avoiding Other Global Catastrophes. Springer, New York
(2008)

Bell, G.: Selection: The Mechanism of Evolution, 2nd edn. Oxford University Press, Oxford,
New York (2008)

Belousov, B.P.: Sbornik Referatov Po Radiatsionni Meditsine, vol. 145. Medgiz, Moscow (1958)
Benford, G.: Starswarmer. Analog (1978)
Benford, G., Benford, J., Benford, D.: Searching for Cost Optimized Interstellar Beacons. http://

arxiv.org/abs/0810.3966
Bennett, C.L., Halpern, M., Hinshaw, G., Jarosik, N., Kogut, A., Limon, M., Meyer, S.S., et al.:

First-year Wilkinson microwave anisotropy probe (WMAP) observations: preliminary maps
and basic results. Astrophys. J. Suppl. Ser. 148(1), 1–27 (2003). doi:10.1086/377253. http://
iopscience.iop.org/0067-0049/148/1/1/

Bennett, C.H.: Information, dissipation, and the definition of organization. In: Pine, D. (ed.)
Emerging Syntheses in Science, pp. 215–231. Westview Press, Redwood, Calif (1988)

Bennett, C.H.: Logical depth and physical complexity. In: Herken, R. (ed.) The Universal Turing
Machine: A Half-Century Survey, pp. 227–257. Oxford University Press, Oxford (1988b).
http://researcher.ibm.com/researcher/files/us-bennetc/UTMX.pdf

Bennett, J.O., Shostak, S.: Life in the Universe, 3rd edn. Benjamin Cummings, Menlo Park
(2011)

Bentham, J. In: Burns, J.H., Hart, H.L.A. (eds.) An Introduction to the Principles of Morals and
Legislation. Oxford University Press, USA (1996)

Beskin, V.S.: MHD Flows in Compact Astrophysical Objects: Accretion, Winds and Jets.
Astronomy and Astrophysics Library. Springer, Heidelberg (2010)

Bitbol, M.: Origine et Création. In: Samama, G. (ed.) Les Origines de La Création. Editions de
l’UNESCO (2004). http://michel.bitbol.pagesperso-orange.fr/Origine_et_Commencement.pdf

Blandford, R.D., Znajek, R.L.: Electromagnetic extraction of energy from kerr black holes. Mon.
Not. R. Astron. Soc. 179, 433–456 (1977). http://adsabs.harvard.edu/abs/1977MNRAS.179..
433B

Borges, J.L. In: Hurley, A. (ed.) The Aleph and Other Stories. Penguin Classics
Bostrom, N.: Anthropic Bias: Observation Selection Effects in Science and Philosophy.

Routledge, London (2002)
Bostrom, N.: Are you living in a computer simulation? Philos. Q. 53(211), 243–255 (2003).

http://www.simulation-argument.com/simulation.pdf

References 347

http://archive.org/details/principlesofgene00bayluoft
http://archive.org/details/principlesofgene00bayluoft
http://people.reed.edu/~mab/publications/papers/ALife-6-4.pdf
http://arxiv.org/abs/0810.3966
http://arxiv.org/abs/0810.3966
http://dx.doi.org/10.1086/377253
http://iopscience.iop.org/0067-0049/148/1/1/
http://iopscience.iop.org/0067-0049/148/1/1/
http://researcher.ibm.com/researcher/files/us-bennetc/UTMX.pdf
http://michel.bitbol.pagesperso-orange.fr/Origine_et_Commencement.pdf
http://adsabs.harvard.edu/abs/1977MNRAS.179..433B
http://adsabs.harvard.edu/abs/1977MNRAS.179..433B
http://www.simulation-argument.com/simulation.pdf
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