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Abstract. Reality presents to us in multiple forms, as a multiple level pyra-
mid. Physics is the foundation, and should be made as solid and complete as
possible. Suppose we will find the unified theory of the fundamental physi-
cal laws. Then what? Will we be able to deduce the higher levels, or they
have their own life, not completely depending on the foundations? At the
higher levels arise goals, life, and even consciousness, which seem to be more
than mere constructs of the fundamental constituents. Are all these high level
structures completely reducible to the basis, or by contrary, they also affect
the lower levels? Are mathematics and logic enough to solve these puzzles?
Are there questions objective science can’t even define rigorously? Why is
there something rather than nothing? What is the world made of?

I don’t believe in empirical science. I only believe in a priori truths.

Kurt Gödel

|1〉 The tablet of the law

Many physicists share the dream that sooner or later we will know the fundamental
physical laws, the equations describing them, and that they will be unified in a single
theory which fits on a t-shirt, or perhaps on a stone tablet – the tablet of the law.

I know this dream is just a matter of belief. There is no reason to be true – why would
the universe be fundamentally simple, completely describable by a finite set of laws? Why
would Spinoza’s and Einstein’s God1, while not being concerned with us, choose to reveal
to us His most intimate thoughts?

This optimism is fueled by the foundation of the entire physics on a few laws we know,
of general relativity and gravity, quantum theory, and the Standard Model of particles,
which indeed fit on a tablet2. This makes us hope that the solutions of puzzles like dark
matter, dark energy, and quantum gravity, will still fit on a tablet. I share this dream
too, I even try to solve some puzzles of these theories and make them compatible: the
singularities of general relativity (Stoica, 2013), the wavefunction collapse in quantum
mechanics (Stoica, 2016c,b), and a unified model of the Standard Model particles and
gauge symmetries (Stoica, 2017)3.
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|2〉 An abstract painting of the universe

A useful picture of how a theory of the universe works is given by dynamical systems.
The set of all possible states of a system are collected in a space. Then, we need a rule
to specify how the system changes from one state to the next – usually an equation.
The state of each particle may need to include, as in the case of classical particles, both
the position and its velocity – its state of motion, in which case the space will be called
phase pace. Or, as in quantum mechanics, the state may contain all is needed, the law of
motion being the Schrödinger equation4. The evolution of such a system is a trajectory
in the phase or state space. Even if the rule is not deterministic, the dynamical system
picture still works, if we describe the potential evolution of the system as forking into
more possibilities.

Deterministic vs. indeterministic dynamical systems.

Any kind of theory at-
tempting to describe the uni-
verse seems to fit the pat-
tern. Even the theory of rela-
tivity, where time is relative,
can be described as a dynam-
ical system, by using coordi-
nates5. Even computation is
described like this, including
cellular automata (Wolfram,
2002). Deterministic and nondeterministic, continuous or discrete systems or theories,
they all follow the pattern. So even if we don’t know completely the fundamental laws,
at least we know that they behave like dynamical systems.

The information describing the state is not encoded in the point, but in its location in
the state space. In (Stoica, 2008a) I proposed a mathematical structure that is as general
or even more general than that of dynamical systems, and at the same time deals more
directly with the detailed structure of the state, with invariance of the laws, causality,
emergence, metaphysical problems etc. But for the present discussion, dynamical systems
are enough.

The abstract painting of the universe is a point, but the canvas is likely infinite-
dimensional. Its laws are curvy lines on that canvas. The tablet of the law may very well
contain just the equations of these lines.

|3〉 Zoom-dependent reality

At the most fundamental level we know, there are quantum fluctuations, and as we
zoom out we encounter particles, atoms, molecules, cells, tissues, biological organisms,
societies, planets, galaxies and so on. For higher levels the governing laws seem to be
completely different from those at the lowest level. It seems that reality depends on the
zoom level. But the higher levels can also be understood using dynamical systems, for
example chemical reactions of atoms and molecules, Newtonian mechanics, etc. On the
same canvas there are multiple paintings, each of them visible at different scales.

What appears structureless at one level, has a rich structure at the lower levels. The
highest levels appear from the lowest level by ignoring details, resulting in a coarse graining
of the state space6. Then, we identify each such region to a point and construct the phase
space of the higher level.
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Multiple levels of a dynamical
system.

In general the evolution law of the lowest level leads
at a higher level to an approximate or statistical law,
because the details of the lower level can fluctuate and
become relevant at the higher level. An example of sta-
tistical laws resulting from a deterministic lower level
is the emergence of thermodynamics from classical me-
chanics. An example when the higher level’s law is ap-
proximate is the emergence of the classical level of reality
from the underlying quantum level.

|4〉 From the bottom to the top of the pyramid

Suppose that at some point we will find the complete fundamental laws, that the God of
Spinoza and Einstein decides to handle to us the tablet of the law. Can we call this the
Theory of Everything?

If a set of fundamental laws governs the world at the subatomic level, then it must
govern it at all levels. It is natural to assume that higher levels of organization of matter
reduce to the lower ones, from social behavior to psychology to biology to chemistry to
atomic physics to the fundamental laws. The reductionist point of view works so well in
constructing explanations and offering predictions, but can we reduce everything to a set
of fundamental principles or matter constituents?

Incompleteness vs. reductionism.

Science is a human activity, and humans are
limited. We can only process finite amounts
of information, and make only deductions or
mathematical proofs of finite length. But the
laws of the universe may not have this limita-
tion. The universe knows how to build atoms,
but we only know how to describe without ap-
proximations the simplest one. The universe
knows how to evolve, but we can only know a
finite amount of information about the state of
only a small subsystem, and we can only calcu-
late its evolution with approximation. The same would hold even if it will turn out that
the universe is discrete. Number theory is discrete, but Gödel’s incompleteness theorem
prevents us to know everything about it7. Computer algorithms are finite, but Turing
proved that there is no algorithm able to decide if an arbitrary algorithm will run forever.

Because of our limitations, it is possible that some phenomena are not comprehensible
to us. But one should choose, whenever possible, the reductionist explanation. However,
quantum mechanics imposes a bigger limitation to reductionism (see Section §|7〉).

|5〉 Floating levels of the pyramid

If we can never be sure what is written on the tablet of the law, how can we understand
a complex process, ultimately based on the fundamental constituents?

This is possible to a surprising degree, and we are doing it for long time. There are
patterns that we could observe, and we didn’t have access to the details, or we ignored
them. If Galileo used to throw rocks to study gravity, he could only ignore the detailed
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shape and the constituents of the rocks, approximating them as points. This allowed
the discovery of mechanics by him, Newton, and others. We can think of a rock, or of
the laws of thermodynamics, as things that emerge from the fundamental laws. But we
can also ignore the details, and derive conclusions which remain true even if we change
the detailed explanation. Heat is motion of the molecules composing a large system,
no matter what those molecules are – they may be classical balls, or quantum systems.
We have access to laws of nature which are to an important extent independent of the
particular implementation.

Dynamical systems and entropy.

Entropy is well described in terms of the
coarse graining of the phase space8. This allows
us to speak about entropy in any possible dy-
namical system, as long as there is such a coarse
graining. Thermodynamics is shared by many
dynamical systems, it goes beyond the funda-
mental laws by its generality, and is indepen-
dent of them. We can know it without know-
ing the low level laws, and we can change these
laws, and it may still remain valid. Similarly,
classical mechanics can be seen both as emer-
gent from quantum mechanics, or as a stand-
alone theory. To understand and describe a higher level we don’t need to know the
underlying lower level, and the laws of the higher level can be seen as fundamental as
those of the lower level.

While we can think the hierarchy of the levels of reality to be a pyramid built on top of
the most fundamental laws, these levels may float independently, and we can interchange
levels from distinct pyramids9. We can try different theories of the microscopic level,
without destroying the achievements obtained so far in mechanics, chemistry, biology etc.

|6〉 Negative knowledge

Sometimes the bottom-up approach can make us wander blindly in the search of an
explanation which simply can’t exist. Consider the idea of a theory relying on variables
which are well-defined at each instant, and which can give the quantum probabilities
just like classical mechanics combined with statistics can explain thermodynamics. This
program was proved to fail by Bell’s theorem (Bell, 1964), unless we give up other cherished
principles. Such theory can exist only as long as the variables are hidden and nonlocal
– which means, in the context of relativity, that they are somewhat contrary to the idea
of causality. The alternative seems to be to give up the very hope of having a realistic
description, and admit as real only the probabilities.

Bell’s theorem and other impossibility results like the Kochen-Specker(-Bell) theorem
(Bell, 1966; Kochen and Specker, 1967) don’t rely on a particular table of law. They are
universal, they are a priori truths. Applied to the experimental data, Bell’s theorem rules
out local hidden-variables theories (Aspect, 1999)10.

Other no-go results are known to exist in classical general relativity, which was proven
to lead to singularities (Penrose, 1965; Hawking and Penrose, 1970; Hawking, 1966a,b,
1967)11. But there is no clear evidence that singularities lead to the breakdown of the
theory. In fact, general relativity can be formulated in an invariant and meaningful form
both geometrically and physically, without leading to infinities – hence the singularities,
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while still present, pose no problems (see Stoica (2013) and references therein).
A quite different position is taken for quantum field theory. Its foundations were

seriously shaken by Haag’s theorem, which showed that the interaction picture is incon-
sistent (Haag, 1955; Hall and Wightman, 1957). Moreover, the theory leads to infinities
too, proving that one should not trust the reductionism of fields to particles. But the
overwhelming empirical evidence led physicists to ignore Haag’s theorem, and to discover
methods of renormalization which make the infinities more digestible. This is an example
where empirical success made us ignore a priori truths. The lowest level of the pyramid
of physics seems to be imperfectly rooted in the ground of mathematics.

We don’t know the Tablet of the Law, and we can never be sure we know it. We can
only find out what the laws are not, through the no-go theorems – similar to apophatic
theology12, but also through experiment and observation, whose paramount role is limited
to refuting theories. Other no-go results like Gödel’s incompleteness theorem and Turing’s
theorem on the halting problem limit the power of reductionism. All these are part of the
metatheory, rather than of the tablet of the law.

|7〉 Bottom vs. top – kōantum mechanics

Not everyone feels satisfied with our understanding of the foundations of quantum me-
chanics, particularly of some apparent paradoxes, each of which reminding us of a kōan
(zen paradox)13.

Why does the world appears classical to our direct experience, rather than being
populated by Schrödinger cats? The classical level seems to defeat the quantum level14.

Classical vs. quantum.

During a quantum measurement, if the
observed quantum system is in a superposi-
tion of states distinguishable by the appara-
tus, Schrödinger’s equation predicts a superpo-
sition of states of the apparatus, one for each of
the possible states of the observed system. Be-
cause we never see such superpositions, physi-
cists postulated that during the measurement a
wavefunction collapse occurs.

The wavefunction collapse has some serious
problems, in particular it leads to violations of
the conservation laws (Stoica, 2016b).

The universe seems to live in a very small subset of the Hilbert space consisting of the
states that look almost classical. There is no apparent reason for this, it seems that not
only the classical level is not completely determined by the quantum one, but even that
there is an opposite determination. The classical level always seems to win.

To avoid the wavefunction collapse and keep Schrödinger’s equation, one has to assume
that the classical level imposes some constraints on the quantum level, which have to apply
to the entire history (Stoica, 2008b, 2016c,b). Hopefully the quantum level itself is able
to solve the problem. I proposed such a hypothesis along with some experiments to test it
(Stoica, 2016a). But if the wavefunction is real rather than mere probability, causality as
we know it has to be reconsidered (Stoica, 2015a), and this makes free-will, whatever this
may be, compatible with the determinism of the Schrödinger equation (Stoica, 2008b).
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|8〉 Emergent goals

A computer is a machine functioning according to the physical laws. Its software tells it
what to do, and it does, but at the same time, the physical laws tell the circuits of the
hardware what to do. The fundamental physical laws governing the computer are not
conflicting with the program.

In an unstable world where the higher level systems are at the mercy of the low level
immutable laws, no such system is eternal. It follows that the most likely goal-oriented
systems are those having as goal the creation of systems similar systems to them – precisely
the self-reproducing systems. Such systems are studied for long time, one of the pioneering
works being von Neumann’s theory of self-reproducing machines (Von Neumann et al.,
1966), and tremendous progress has been made since them. This seems to be the attribute
of every living being, while most of the other goals it may have serve to the purpose of
reproduction. The theory of evolution is based on the fact that self-reproduction is not
perfect, and that the mutations leading to behaviors more adapted to the environment
are most likely to survive and replicate15 16.

One may say that it is very improbable for such system to appear simply out of blind
chance. If the universe is a dynamical system, to find out the probability it contains life
one should find out the states containing life, and count the possible histories leading to
these states. No matter how small is the set of trajectories containing life, it is definitely
not an empty set. Then, one solution is to assume that all possible trajectories in the
phase space represent histories of different universes, and we can only live in such a history
containing beings like us. Another possibility is that the universe is very vast, perhaps
infinite. Then we can see it as being made of an infinite number of dynamical systems
combined together, and by this, from point to point, the lucky trajectories containing life
are realized. In particular, considering the huge number of planets in the known universe,
it is not so surprising that some of them are favorable to life.

Fortunately, the process of evolution by random mutation and selection is so simple,
that it can emerge in a large class of dynamical systems resembling our universe – just
like entropy, or like how a computer program can work on different types of computers.

|9〉 The impossible definition

The most directly accessible phenomenon to our mind is our consciousness – in fact, our
entire experience takes place in our consciousness. In spite of this, consciousness is one
of the greatest mysteries.

Many features of consciousness are understood in terms of physical processes taking
place in the brain, or of neural activity. It is plausible that eventually nearly all of them
will be understood like this, so Chalmers calls them the easy problems of consciousness,
reserving the term hard problem (Chalmers, 1995) for subjective experiences.

What is most mysterious is the subjective experience itself, or sentience. One can
imagine a machine talking and behaving just like us, even displaying feelings like us, yet
all these being just external, with no subjective experience really taking place inside that
machine – a philosophical zombie. For many it is easy to understand what the problem is,
but I am not aware of a rigorous definition of subjective experience. Perhaps whenever
we try to define it, we do it in objective terms, which makes it trivial and irrelevant.

Science is by definition objective – all definitions and inferences are objective, and the
experiments have to be reproducible by anyone who follows the specifications. All easy
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problems of consciousness fall within the objective nature of science. But the very notion
of subjective experience seems to escape any objective definition.

Is this impossibility to give an objective definition of subjectivity a proof that the
hard problem doesn’t exist? Is the hard problem a matter of personal belief, which can
be deemed as nonscientific? Or rather we need a science of the subjective itself? A
subjective science can’t be objective – even personal experiences that admit descriptions
will be reproduced by others subjectively, and there will be no assurance that we are
talking about the same experiences. To some extent, this is true even for the objective
science, since even objective experiences are interpreted inside the consciousness of each
of us. I think the only framework in which one can define the hard problem is subjective,
outside objective science.

Maybe subjective experience emerges from the organization of matter, or as a property
of information, like integration. Then, since matter is always structured and always
processes information, we arrive at a kind of panpsychism reducible to the structure and
information of matter.

If sentience is irreducible, then it still must be associated to structure and information.
This is similar to the reducible panpsychism, but it will be irreducible, and there will be
no way to prove this irreducibility. Both positions consist in claiming that it is reducible
or not, with no objective way to distinguish the two.

Maybe sentience is attached to goals. We have a wide diversity of goals, most of them
not being directly concerned with survival or reproduction, but maybe they were initially
means to the goals, which became standalone goals. Various subjective experiences can
be attached to attaining, anticipating, fear of missing or losing a goal.

This can be tested subjectively by mindfulness or meditation. If you change the goal
from attaining your goals to simply being and observing with no attachment, then the
emotions related to attaining or failing to attain it are short-circuited. You can have an
ecstatic state of consciousness with no apparent relation to your goals, just from attaining
the goal of not having goals that you can’t control, or having as goal just observing the
natural flow of events.

But our spectrum of experiences is far richer than those we can consciously identify as
being related to goals, for instance the quale of colors, sounds, feelings induced by words
and memories, all these are subjective experiences which can hardly be tracked back to
goals. Maybe each cell of our bodies has its own experiences related to its goals, and our
larger experiences emerge by their integration.

If sentience is either reducible or related to physical structure and information, then
one should expect it to be present in primitive forms at each level of reality, since structure
and information are also present there. Photons and electrons are associated to informa-
tion processing, and we can say that their goal is to propagate according to the physical
laws. This goal is always to propagate an infinitesimal step, and it is always attained in
an infinitesimal time, in accord to the equations of motion. If sentience is to be associated
to this goal, then would it be the pure bliss of always attaining it instantly?

Can subjective experiments like meditation allow us to verify the kind of structure
or the level where subjective experience emerges, or if sentience is reducible to physical
structure or information? Can we be a bat (Nagel, 1974), an electron, or anything different
from what we are? And if we can do this, after returning to our human state, will it remain
any trace of our experience, or it will be altered and interpreted as a mere fantasy?
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|10〉 Why is there something rather than nothing?

While this question is often considered meaningless or rhetorical, I think it is important
and fundamental, and deserves serious consideration.

A possible answer is that by “nothing” one should understand vacuum fluctuations
(Krauss, 2012) or the string landscape (Susskind, 2008; Hawking and Mlodinow, 2010).
But let’s see if we can make sense of “nothing” without changing its meaning.

To answer this question, let’s try to see what constituents of the universe could very
well not exist. We can imagine that a universe identical to ours, but with different initial
conditions, hence different history, is possible. Its history is just another path in the
phase space. Even a universe in which the fundamental particles or laws are different
seems equally possible. If our universe exists, there is no reason to assume that another
universe, completely different from ours, can’t exist too. It seems that no object, structure,
or physical law from our universe, is bound to exist, or to exist in the form we know.

But there are things that exist with necessity. Consider Euclidean geometry, which
exists in its abstract, mathematical form in our universe, despite the fact that spacetime
itself is not Euclidean. Euclidean geometry exists because we can imagine it consistently,
not because it is realized by the physical laws. It can exist in any possible universe
containing substructures that can imagine it, in the mathematical sense of existence.
When we say “between any two points on a line there is a third point”, here “there is”
refers to mathematical existence – in the sense that the existence of that point is consistent
with the existence of the first two points. The usual view is that only physical existence
is real, while mathematical existence is imaginary. However, mathematical objects exist,
in mathematical sense, while physical existence, known to us only by empirical evidence,
is unnecessary, in the sense that another universe is possible, in which that particular
physical structure or law doesn’t exist physically.

We arrive at the conclusion that the only necessary existence is mathematical exis-
tence. Physical universes don’t exist with necessity, so it is legitimate to ask why they
exist. But mathematical structures exist with necessity, in mathematical sense, and they
are a priori truths.

If mathematical structures exist anyway, and if the universe is isomorphic to a mathe-
matical structure (Stoica, 2015b, 2016d), do we need something more to explain why there
is something rather than nothing? This leads us straight to Tegmark’s mathematical uni-
verse hypothesis (Tegmark, 2008, 1998, 2014), which posits that physical existence equals
mathematical existence – in other words, logical possibility equals reality. Accordingly,
we are just substructures of such a mathematical structure, we observe the structure as
it appears to us, and ask questions like the one in the title17. One can object to the iden-
tification of physical existence with mathematical existence by claiming that the latter
is imaginary. But I think this is a different kind of imaginary, since it is consistent. If
one would dream his entire life, and the dream would be consistent, then wouldn’t that
person experience imaginary as real?

The question “why is there something rather than nothing?” can be answered by:
“because there are structures that can’t not exist – mathematical structures”.

|11〉 What breathes fire into the equations?

Few are satisfied with proposals like Tegmark’s that mathematical existence is enough.
Hawking asks (Hawking, 1988)
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Even if there is only one possible unified theory, it is just a set of rules and
equations. What is it that breathes fire into the equations and makes a uni-
verse for them to describe? The usual approach of science of constructing a
mathematical model cannot answer the questions of why there should be a
universe for the model to describe. Why does the universe go to all the bother
of existing?

Perhaps the main reason why we find the idea of a mathematical universe uneasy is
that we consider mathematics a creation of our minds, even a fantasy. Because we can
imagine it, it seems that to be true, it has to be realized physically, we think that anything
can only exist if it is made of matter. But what is matter made of? Quantum mechanics
tells us that either there is no matter at all, or if there is, it is completely different from
what we used to think it is. The quantum metatheorems by Bell and Kochen-Specker
force us to choose between the complete nonexistence of matter or any kind of reality, and
the existence of a reality which depends on distant places and even on future choices. And
while most scientists seem to agree that materialism won, this victory came with the price
of redefining the very notion of matter, by replacing it even with its very absence 18. I
think what worries us about this idea is in fact consistency, but mathematical structures,
unlike dreams and fantasies, are logically consistent.

Additionally, one may feel that physics and mathematics are not enough to build con-
sciousness. But almost all features of consciousness are conceivably reducible to informa-
tion processing of one sort or another. If something resists, this is subjective experience.

In the absence of an absolute ground to rely on, I think what we really know is that
we are, and that there are mathematical truths.

|12〉 The tablet of the metalaw

There is a fundamental level of reality, but there are also higher levels, each with its own
life, and not so rooted in the lower levels and reducible to them as one may want to think.
At the top of the pyramid are life and consciousness, and they should be the center of
science too19. A bottom-up approach may never lead to the understanding of the higher
levels, and a top-down approach is not enough. While it is desirable that eventually natu-
ral sciences will be founded on fundamental physics, and to apply reductionism whenever
possible, each science has its own empirical domain, from which it draws its laws, and
against which it is tested. No hypothesis should be refuted because physics doesn’t predict
it yet or seems to contradict it, especially since such contradictions exist even between
different parts of physics. Rather one should take into account the explanatory power and
utility of each hypothesis within its own field at its own level of reality. In addition, one
should not forget that natural sciences rely on testing the hypotheses through observa-
tion and experiment, but the source of the hypotheses is and should never be regulated.
Any activity that helps you come up with scientific hypotheses is useful, from philosophy
to arts and even to myths. Hypotheses have the first word, but logical consistency and
experiments have the last word.

The tablet of the metalaw includes emergence, metatheorems, the relative interde-
pendence and independence of various levels of reality. It takes into account both the
bottom-up and the top-down constraints. It may even include a subjective science of the
subjective experience.
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Notes

1 “I believe in Spinoza’s God, Who reveals Himself in the lawful harmony of the world, not
in a God Who concerns Himself with the fate and the doings of mankind.” – Einstein to
Rabbi Herbert Goldstein, 1929.

2 Although our theories describe so concisely so much about the universe, the puzzle is not
completely solved. The known matter seems to account for less than 5% of the mass-energy
in the universe. Dark matter suggests that either there are more particles, with strange
new properties, or that gravity as described by general relativity should be modified. If the
Lagrangian of general relativity is not the Ricci curvature R, but a function f(R), it may be
possible that we can never know that function f . Maybe we can determine good estimates
of the first terms of its power series, but what if the series is infinite? Another missing piece
of the puzzle is the compatibility between quantum theory and gravity, which may require
infinitely many coupling constants. And take into account that what we know is based on
observations made in an infinitesimal zone of the universe, for a very brief period of time
compared with the age of the universe, so we can’t exclude new surprises. But at least we
can hope that there is a small number of laws to add to the list of those we know so far,
and even if they depend on an infinite number of parameters, that a finite number of them
are relevant.

3 The model proposed in (Stoica, 2017) unifies into an algebra leptons and quarks of a gener-
ation, as well as the gauge symmetries, in a minimal way, without predicting new particle
or forces, or proton decay.

4 Quantum mechanics can be obtained from classical mechanics by quantization, which basi-
cally consists in replacing the trajectories in the phase space with complex functions defined
on the entire phase space. The squared modulus of the function valued at a point in the
phase space gives the probability to find the system in that state. But this picture can also
be made into a dynamical system, by collecting into a space all these complex functions. The
resulting space gains a structure of Hilbert space, and the dynamical law is the Schrödinger
equation.

5 Also see (Arnowitt et al., 1962).

6 This is a process of abstraction, captured mathematically as follows. Two states of a low
level system or subsystem are considered equivalent at a higher level if they can’t be distin-
guished. This relation of equivalence partitions the low level phase space into equivalence
classes, or coarse graining regions. Mathematically speaking, the inability to distinguish,
the “confusion”, is the equivalence relation on the phase space. The higher level may be
described as a dynamical system, which is related to the lower level by a forgetful functor.

7 Gödel’s incompleteness theorem limits our possibility to deduce every consequence of a set
of axioms by finite proofs, but it doesn’t prevent us from finding the mathematical structure
isomorphic to the universe (Stoica, 2016d).

8 Entropy is the logarithm of the number of possible microstates that appear undistinguishable
at macroscopic level.

9 A computer program is a good example of a dynamical system which is independent on its
implementation on the particular lower level system on top of which it is built. You can
create a computer program, build it on a computer, and when you replace the computer you
can reuse the program without having to create it again. The computer’s hardware may be
seen as a fundamental level, and the programs running on that computer as a higher level,
to which the hardware is simply irrelevant, being only a support, a physical implementation.

10 These theorems made almost all physicists give up local hidden-variables theories and the
non-contextual ones. They could give up this hope because quantum mechanics works
perfectly well in practice, and to some is satisfactory enough to refrain on asking foundational
questions and focus instead on the results.
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11 A widespread view is that by predicting singularities, general relativity predicts its own
breakdown, and one should replace it with something else, or maybe a quantum theory of
gravity would remove the singularities.

12 Apophatism states that we can’t know what God is, we can only know what attributes God
doesn’t have.

13 This part of quantum mechanics should be a subfield in its own rights, and I think it deserves
the name kōantum mechanics.

14 If we don’t ignore the quantum degrees of freedom of the apparatus, which in fact is not
really a classical system, we can advance in solving this puzzle. According to the theory of
decoherence, the quantum interactions between the environment (which includes the appara-
tus) and the observed system turn quantum probabilities into classical ones. Unfortunately,
this only solves partially the problem, since the choice among the possible results, while
being now governed by classical probabilities, still requires a collapse. Alternatively, we
can consider that all possible results are realized in different worlds that appeared due to
the measurement. But even in this case, each such world must include its own collapse.
And this is a problem, because it is very strange to claim that we have a universal law like
Schrödinger’s equation, which can be broken from time to time.

15 Some objections that are usually brought against even the most actual forms of Darwin’s
theory of evolution include the apparent improbability, the practical impossibility of giving
a low level description of organisms and the process of evolution, and the apparent impos-
sibility to falsify things that already happened on very long periods of time. I think that
it is not necessary to give a low level description and to travel back in time to see that it
really happened like this, it is enough to prove it in principle, and to show that our universe
satisfies the conditions in the hypothesis of the proof.

16 One attempt to prove Darwin mathematically is due to Chaitin, who developed a model
based on computer programs subject to random mutations. His result is amazing: exhaustive
search requires an exponential time ≈ 2N , while cumulative evolution a time between ≈ N2

and ≈ N3, very close to the time required by choosing the next mutation by intelligent
design, which is ≈ N (Chaitin, 2012). But while I think Chaitin’s idea is brilliant, I am not
entirely satisfied with his model, because in finding the mutations and selecting the fittest
program, it relies on oracles, which seem just a placeholder for divine intervention.

17 Alternatively, one can say that all there is is digital information (Wheeler, 1983b,a, 1990;
Fredkin, 2003; Wolfram, 2002; Rucker, 2013; Chaitin, 2012). I find the idea of mathematical
structures more appealing, because information seems to require decoding, translation into a
meaning, while mathematical structures just are. Information is finite, while mathematical
structure, even if they can be seen as processing information, their associated information is
not limited. They may appear as encoding and processing information, and for a subsystem,
the interaction with other subsystems encodes information. But mathematical structures
are not limited to digital information, which is a good thing, since our most successful
theories of physics, quantum mechanics, general relativity, and the Standard Model, all
seem to require the continuum, or at least we don’t know yet how to reduce any of them
to a discrete or digital theory. This doesn’t exclude the possibility that the underlying
mathematical structure of the universe is digital or even finite.

18 We all know that in order to run a computer program, one needs a computer. But both the
program and the computer are just dynamical systems. The hardware itself changes from
one state to another, just like a program. What is the support on which the hardware runs?
The universe? Then what is the support on which the universe runs? We have to stop
somewhere, and I think the only way to stop is to admit that the universe is a dynamical
system which runs by itself. It is pure information processing, pure mathematical deduction,
pure computation.

19 Einstein declared to believe in Spinoza’s God Who is not concerned with mankind, and was
so dedicated to finding the fundamental laws and a unified theory of them. But he went far
beyond the boundaries of the cold physical laws, being one of the greatest humanists.
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