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What is Reality - Are We Just Part of a Simulation?

Since Plato’s inquiries into the nature of existence, one question
has continued to fascinate humanity: the nature of reality. From
René Descartes’ radical doubts to Daniel Dennett's "illusionism,”
which challenges the very concept of consciousness,
groundbreaking ideas have shaped our understanding of what is
real. George Berkeley’s subjective idealism and Albert Einstein’s
revelations redefined space and time, paving the way for a
compelling modern scenario: Are we living in a simulation?

With the advent of exponential technology, the prospect of
simulating the universe using quantum computers has become
central to this debate. Could our reality be part of a chain of
simulations? Anders Indset and Florian Neukart explore this
question, shedding light on the profound implications such a
scenario would have for our understanding of existence, theology,
and the destiny of the cosmos. A book that masterfully combines
science and philosophy into a gripping intellectual journey.

Anders Indset is a Norwegian-born philosopher and deep-tech
investor. Recognized by Thinkers50 as one of the leading voices
shaping technology and leadership, he is the author of four
Spiegel bestsellers, with his works translated into over ten
languages. Anders is the founder and Chairman of Njordis Group,
a driving force behind initiatives like the Quantum Economy, and
a sought-after international speaker on exponential technologies
and the future of humanity.

Dr. Florian Neukart is an Austrian physicist, computer scientist,
and business executive specializing in quantum computing (QC)
and artificial intelligence (Al). He serves on the Board of Trustees
for the International Foundation of Al and QC and co-authored
Germany's National Roadmap for Quantum Computing. Currently,
he is Chief Product Officer at Terra Quantum AG, following over a
decade leading global innovation and research labs at
Volkswagen Group. He holds advanced degrees in computer
science, physics, and IT, including a Ph.D. in Al and QC. A professor
at Leiden University, Florian has authored books and published
over 100 articles on topics including space propulsion, materials
science, and Al.
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Introduction

Imagine a reality where everything we perceive, from the vast
expanse of galaxies to the minutest particles, is part of a
grand simulation. This provocative notion has not only capti-
vated philosophers and scientists but also gained significant
attention in mainstream media. Over the past years, the
question of reality has gained massive mainstream media
attention as prominent figures like Elon Musk have stated
there is a "one in billions” chance we do not live in a simu-
lation [1], and pop star astrophysicist Neil deGrasse Tyson
has also jumped onto the idea stating that the probability is
more than 50% [2]. In addition, philosopher David Chalmers
has also caught on to the belief that we likely live in a sim-
ulation [3, 4], pushing for further examination of the very
notion.

However realistic or plausible such a hypothesis [5, 6lmay
be, how could modern physics and mathematics support
seeking evidence for such a case? Scientists have criticized
the hypothesis made by philosopher Bostrom for being pseu-
doscience [7, 8] as it sidesteps the current laws of physics
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and lacks a fundamental understanding of general relativ-
ity. Suppose an external programmer - an entity running a
simulation and characterized as external to the simulation -
could define the simulation’s physical laws. What would an
external programmer and beings within the simulation be
able to calculate based on their understanding of physical
laws? Moreover, theoretically or practically, could beings
in the simulation conceive and implement the apparatus or
tools to verify that they aren’t participating in a simulation
chain?

The philosophical inquiry into the nature of reality, pon-
dered since Plato’s allegory of the cave, has evolved signif-
icantly with advances in technology and philosophy. René
Descartes introduced skepticism about sensory experiences,
leading to modern theories like Daniel Dennett’s "illusion-
ism,” which questions the reality of conscious experience or
"qualia.” Despite resistance from neuroscientists, who refute
the notion of consciousness as an illusion, the debate con-
tinues to inspire both academic and public discourse. The
concept of reality shaped by perception, known as subjective
idealism, was advanced by Bishop Berkeley and challenged
established notions of space and time, influencing thinkers
like Mach and Einstein. These philosophical underpinnings
have set the stage for contemporary considerations of our
universe as a potential simulation—a notion not only enter-
tained in science fiction, such as "The Matrix,” but also in
serious scientific contemplation. In the context of quantum
technology and the visionary ideas of Richard Feynman, the
potential for simulating the universe with quantum comput-
ers has brought the simulation hypothesis to the forefront
of theoretical physics. This book proposes that our reality
could be a part of a simulation chain, an idea with vast im-
plications for our understanding of existence, theology, and
the cosmos’ fate. We explore the limitations of computability
and predictability in universal simulations, acknowledging
how increasing complexity and entropy constrain computa-
tional capacity. We propose that a simulation’s fidelity to the
physical laws it emulates inevitably leads to an exhaustion
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of resources, suggesting that a collapse of the simulation
chain is possible unless an external entity, not limited by
our physical laws, intervenes.

While controversial, the question of whether we exist in a
simulation and thus participate in a simulation chain cannot
be answered with certainty today. Nevertheless, it is intrigu-
ing, and answering it would potentially lead us to question
our very definitions of life and spirituality. Suppose we spark
a chain of simulations, each hosting intelligent life intending
to simulate the universe. Would we classify each of the sim-
ulated life forms as actual life? What if we could confidently
state that we are part of a simulation chain and simulated
beings ourselves? Would that change our definition of what
counts as "real” or "artificial” life? In the argument made
by Bostrom, one premise is worth examination: if there is
a physical possibility of creating a simulation, then based
on the state of development and the relation to time ac-
cess, there would most likely be a higher probability of our
residing within such a simulation than our being the exact
generation building such a simulation.

Experiments are needed to gain deeper insights, but sev-
eral constraints prevent us from designing experiments that
directly answer the question of whether an external pro-
grammer has created the universe and whether it's only
one of infinite hierarchical simulation chains. However, it is
possible to test the simulation hypothesis indirectly under
certain assumptions. The outlined experiments for doing
so involve creating a simulation, potentially resulting in a
chain of simulations, and conducting observations on the
simulation behavior within the confines of a hierarchy until
statistical relevance can be obtained. Potential observa-
tions of note could include the emergence of intelligent life
and its behavior, a reversal of global entropy, compactifica-
tion of dimensions, or the evolution of simulations along
the simulation chain (all of which are, based on the current
understanding of physics, impossible for us to conduct in
our universe, but an external programmer shall not suffer
from such limitations). Designing such experiments leads to
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the ultimate boundaries of computability and predictabil-
ity. Physical and computational constraints prevent us from
simulating a universe equal in complexity and size to our
universe and from making accurate predictions of the future,
whether or not the "real” or simulated universes are based
on the same physical laws.

Moreover, the cosmos has not yet been fully understood.
For example, the universe’s fate and how to unite quantum
physics and general relativity are deep and open questions.
Today, quantum theory is widely understood as an incom-
plete theory, and there may be new models to be discovered
- models that will further flesh out our understanding of what
quantum theory has indicated thus far. However, the state
of modern physics and our imagination clearly allows us
to conceive experiments and build advanced technologies
to continue scientific progress; thus, the current framework
shall not hold us back from searching for evidence related
to the simulation hypothesis. The entrance point, however,
must be the current understanding of mathematics and the
challenges associated with our current knowledge of physics.
Therefore, conducting experiments on such a hypothesis nat-
urally requires assumptions to be made.

Also, many open questions remain in living systems the-
ory, and we don't yet know with certainty whether or not we
are the only intelligent species in the universe. Still, we can
conceive experiments that help us to gain insights into the
ultimate questions: Was our universe and everything in it
created, or did it emerge by itself? Is our universe unique, or
is it just one of many, as described by the many-worlds inter-
pretation of quantum physics [9]? In the article, we outline
some fundamentals of computing and physics, which will
help us define the experiment’s constraints. First, quantum
physics is the essential pillar we build our experiment on
- ergo, the current understanding of quantum mechanics -
as our current understanding constitutes the most funda-
mental physics in the universe that everything else is based
upon. Secondly, we briefly introduce different fates of the
universe the scientific community assumes to be scientifi-
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cally sound and further guide us in designing an experiment
independent of how the universe evolves. Thirdly, we con-
sider the ultimate limits of computability, which also lead us
back to quantum physics, both when it comes to engineering
quantum computers and simulating physical and chemical
processes in the universe. While Alan Turing showed what is
computable [10], we show which computers are constructible
within this universe. Finally, we explore different interpre-
tations of observations gained from simulation chains and
individual specimens we base the proposed experiments
on, as well as investigate experiments and discuss observa-
tions in our universe indicating whether we participate in a
simulation chain or not.

This book takes the reader on an ambitious journey to
explore one of the most profound questions of our existence.
By leveraging the latest advancements in quantum technol-
ogy, computational theories, and philosophical insights, we
aim to push the boundaries of our understanding and shed
light on the possibility of our universe being a simulation.
The implications of this exploration are vast, challenging our
notions of reality, consciousness, and the very nature of exis-
tence. Whether we find ourselves at the brink of discovering
an external programmer or furthering our understanding of
the cosmos, this inquiry will undoubtedly redefine our exis-
tential framework and inspire future generations to continue
seeking the truth about our place in the universe.






The Simulation
Hypothesis

The simulation hypothesis, first proposed by philosopher
Nick Bostrom in 2003 [5, 6], posits that it is highly probable
that we are living in a computer-generated reality. This hy-
pothesis is an extension of the "simulation argument” [3, 5,
6], which lays out three possibilities regarding the existence
of technologically mature civilizations, at least one of which
is considered to be true. According to the simulation hypoth-
esis, most contemporary humans are simulations rather than
actual biological entities. This hypothesis is distinguished
from the simulation argument by allowing this single as-
sumption. It does not assign a higher or lower probability to
the other two possibilities of the simulation argument.

The simulation argument presents three basic possibil-
ities for technically “immature” civilizations - like ours. A
mature or post-human civilization is defined as one that
possesses the computing power and knowledge to simulate
conscious, self-replicating beings at a high level of detail
(possibly down to the molecular nanobot level). Immature
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civilizations do not have this ability. The three choices are
as follows [5]:

1. Human civilization will likely die out before reaching
a post-human stage. If this is true, then it almost
certainly follows that human civilizations at our level
of technological development will not reach a post-
human level.

2. The proportion of post-human civilizations interested
in running simulations of their evolutionary histories,
or variations thereof, is probably close to zero. If this is
true, there is a high degree of convergence among tech-
nologically advanced civilizations, and none of them
contain individuals interested in running simulations
of their ancestors (ancestor simulations).

3. We most likely live in a computer simulation. If this is
true, we almost certainly live in a simulation, and most
people do. All three possibilities are similarly likely. If
we don’t live in a simulation today, our descendants
are less likely to run predecessor simulations. In other
words, the belief that we may someday reach a post-
human level at which we run computer simulations is
wrong unless we already live in a simulation today.

According to the simulation hypothesis, at least one of
the three possibilities above is true. It is argued on the ad-
ditional assumption that the first two possibilities do not
occur. For example, if a considerable part of our civilization
achieves technological maturity and a significant portion
of that civilization remains interested in using resources
to develop predecessor simulations, then the number of
previous simulations reaches astronomical numbers in a
technologically mature civilization. This happens based on
an extrapolation of the high computing power and its expo-
nential growth, the possibility that billions of people with
their computers can run previous simulations with countless
simulated agents, and technological progress with some sort
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of adaptive artificial intelligence, which an advanced civiliza-
tion possesses and uses, at least in part, for predecessor sim-
ulations. The consequence of the simulation of our existence
follows from the assumption of the assumption that the first
two possibilities are incorrect. There would be many more
simulated people like us in this case than non-simulated
ones. For every historical person, there would be millions
of simulated people. In other words, almost everyone at
our level of experience is more likely to live in simulations
than outside of them [3]. The conclusion of the simulation
hypothesis is derived from the three basic possibilities and
from the assumption that the first two possibilities are not
true as the structure of the simulation argument.

The simulation hypothesis that humans are simulations
does not follow the simulation argument directly. Instead,
the simulation argument presents all three possibilities men-
tioned side by side, with the assertion that one of them is
true. It remains unclear which one that is. It is also possible
that the first assumption will come true, and all civilizations,
including humankind, will die out for some reason. Accord-
ing to Bostrom, there is no evidence for or against accepting
the simulation hypothesis that we are simulated beings, nor
the correctness of the other two assumptions [5].

From a scientific standpoint, everything in our perceived
reality could be coded out as the foundation of the scien-
tific assumption that the laws of nature are governed by
mathematical principles describing some physicality. The
fact that an external programmer can control the laws of
physics and even play with them has been deemed contro-
versial in the simulation hypothesis. Something "outside
of the simulation” - an external programmer - is, therefore,
more of a sophisticated and modern view of the foundation
of monotheistic religions/belief systems. Swedish techno-
philosopher Alexander Bard proposed that the theory of
creationism be moved to physics [11], suggesting that the de-
velopment of super (digital) intelligence was the creation of
god, turning the intentions of monotheism from the creator
to the created. Moving from faith and philosophical contem-
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plation towards progress in scientific explanation is what
the advancement of quantum technology might propose.

Critics of Bostrom argue that we do not know how to
simulate human consciousness [12-14]. An interesting philo-
sophical problem here is the testability of whether a simu-
lated conscious being - or uploaded consciousness — would
remain conscious. The reflection on a simulated superintelli-
gence without perception of its perception was proposed as
a thought experiment in the "final narcissistic injury” (refer-
ence). Arguments against that include that with complexity,
consciousness arises - it is an emergent phenomenon. A
counter-argument could easily be given that there seem to
be numerous complex organs that seem unconscious, and
also - despite reasoned statements by a former Google en-
gineer [15]- that large amounts of information give birth
to consciousness. With the rising awareness of the field,
studies on quantum physical effects in the brain have also
gained strong interest. Although rejected by many scien-
tists, prominent thinkers such as Roger Penrose and Stuart
Hameroff have proposed ideas around quantum properties
in the brain [16]. Even though the argument has gained some
recent experimental support [17], it is not directly relevant
to the proposed experiments. A solution to a simulated con-
sciousness still seems far away, even though it belongs to
the seemingly easy problems of consciousness [18]. The hard
problem of consciousness is why humans perceive to have
phenomenal experiences at all [18]. Both don’t tackle the
meta-problem of consciousness stating why we believe that
is a problem, that we have an issue with the hard problem
of consciousness.

German physicist Sabine Hossenfelder has argued against
the simulation hypothesis, stating it assumes we can repro-
duce all observations not employing the physical laws that
have been confirmed to high precision but a different under-
lying algorithm, which the external programmer is running
[19]. Hossenfelder does not believe this was what Bostrom
intended to do, but it is what he did. He implicitly claimed
that it is easy to reproduce the foundations of physics with
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something else. We can approximate the laws we know with
a machine, but if that is what nature worked, we could see
the difference. Indeed physicists have looked for signs that
natural laws proceed step-by-step, like a computer code.
But their search has come up empty-handed. It is possible
to tell the difference because attempts to reproduce natu-
ral laws algorithmically are usually incompatible with the
symmetries with Einstein’s Theories of Special and General
Relativity. Hossenfelder has stated that it doesn't help if
you say the simulation would run on a quantum computer.
"Quantum computers are special purpose machines. Nobody
really knows how to put general relativity on a quantum com-
puter” [19]. Hossenfelder's criticism of Bostrom'’s argument
continues with the statement that for it to work, a civiliza-
tion needs to be able to simulate a lot of conscious beings.
And, assuming they would be conscious beings, they would
again need to simulate many conscious beings. That means
the information we think the universe contains would need
to be compressed. Therefore, Bostrom has to assume that
it is possible to ignore many of the details in parts of the
universe no one is currently looking at and then fill them in
case someone looks. So, again, there is a need to explain
how this is supposed to work. Hossenfelder asks what kind
of computer code can do that. What algorithm can identify
conscious subsystems and their intentions and quickly fill
in the information without producing an observable incon-
sistency? According to Hossenfelder, this is a much more
critical problem than it seems Bostrom appreciates. She
further states that one can not generally ignore physical
processes on a short distance and still get the large dis-
tances right. Climate models are examples of this - with the
currently available computing power models with radii in
the range of tens of kilometers can be computed [20]. We
can't ignore the physics below this scale, as the weather is a
nonlinear system whose information from the short scales
propagates to large scales. If short-distance physics can't be
computed, it has to be replaced with something else. Getting
this right, even approximately, is difficult. The only reason



