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Preface

Motivation

The spark that ignited this project was a painful personal accident.

My highly respected dentist recommended the precautionary removal of a wisdom tooth. “Problems
might appear later,” he warned, “and they will only get worse with time.”

Trusting his expertise, I followed his advice. Soon I was one tooth—and a few hundred dollars—
lighter. Unfortunately, the problems only worsened. The socket refused to heal, leaving the nerves
exposed. With Christmas holidays in full swing, all dentists were off duty. For several days, the
pain expanded from one tooth until it felt as though my entire head was aching.

I did not handle the pain gracefully. First, I blamed the sugar industry for ruining people’s teeth
with such a toxic product. Next came my dentist. Before long, I was even accusing the government
education system of failing to train competent professionals.

Eventually the holidays ended, the clinic reopened, and the issue was finally resolved. Relief came
quickly. Yet what remained long after the pain subsided was a question I had discussed many times
with my colleagues: Can pain ever be implemented as software?

My colleague, apparently blessed with better teeth, believed it was possible. With the right sensors,
firmware, and code, a robot could be made to simulate agony. I strongly disagreed. To behave as
if in pain, I argued, is not the same as feeling pain. I could not see how genuine pain could ever
be implemented in a programming language.

It was this missing “pain function” in the standard library of “C” that planted the seed of an
obsession—an obsession that has grown, over years of thought and trial and error, into the work
you are now reading.

Method and Approach

The conclusions presented in this book were developed using the same software design methods
and tools I have relied on throughout my career as a software professional.

I began by treating observed systems as if they were software: abstract structures defined by
behavior, constraints, and interaction. For each system, I explored every meaningful architecture
I could formulate and modeled them as rigorously as possible. I then unified these models into
a minimal class hierarchy, reducing the total number of entities and attributes while preserving
explanatory power. From that foundation, I asked what such systems could, in principle, do, and
derived the full range of meaningful possibilities implied by their structure. These possibilities
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were then compared, consolidated, and reduced. Over the course of three decades, many candidate
explanations failed, contradicted observation, or proved redundant. What remained after that
process of elimination forms the basis of this book.

The software I have built with these methods works. Accordingly, I believe the conclusions devel-
oped with them hold.

However, no program is without bugs, and no complex argument is without potential flaws. Some
parts of the reasoning presented here may contain errors. Still, I am confident that, as with well-
designed software, these imperfections will not obscure the larger picture.

On Human Consciousness and the Limits of Physics

Many of the most speculative branches in this work emerged from a single question: whether con-
scious experience—qualia itself—can be fully reduced to physics, or whether it points to something
beyond our present physical descriptions. Following that thread led to both productive and dif-
ficult conclusions. Some paths reinforced the view that consciousness may arise naturally from
information and physical law. Others extended into increasingly unconventional territory, raising
questions that could not be resolved within established physics alone. A number of these branches
were ultimately set aside, while others remain open. They are included not as final claims, but as
a record of where the investigation led when followed without restriction.
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Chapter 1

Introduction

1.1 Advances in Science

During the past centuries, physics has achieved remarkable success in unifying a large number of
partial theories into two powerful frameworks: Quantum Mechanics (QM) and General Relativity
(GR). The equations in both theories match all observations with remarkable precision, limited
only by current technological capabilities. Those capabilities themselves have reached a level that
would have seemed almost inconceivable only a few decades ago.

Space-based observatories such as the James Webb Space Telescope now directly image the early
universe, resolving infrared signals emitted only a few hundred million years after the Big Bang. Its
operation depends simultaneously on quantum optics, relativistic orbital mechanics, and nanometer-
scale wavefront control, turning cosmological theory itself into an engineering requirement.

At the opposite extreme, global interferometric arrays such as the Event Horizon Telescope resolve
horizon-scale structure around black holes, directly probing the geometry of spacetime in the strong-
field regime predicted by general relativity.

Gravitational-wave observatories such as LIGO can detect distortions of spacetime smaller than
a proton’s diameter, measuring relative changes in length caused by distant black-hole mergers
billions of light-years away. To put that into perspective, if one were measuring the distance to the
nearest star (Proxima Centauri, about 4.2 light-years away), LIGO’s sensitivity would be equivalent
to measuring that distance to within the width of a human hair.

Atomic clocks, exploiting the quantum structure of atoms, now keep time so precisely that they
would lose or gain less than a second over the age of the universe, and are sensitive enough to register
differences in gravitational potential corresponding to changes in height of mere centimeters.

Elsewhere, quantum electrodynamics predicts the magnetic moment of the electron to a precision
verified to many decimal places, making it one of the most accurately tested theories in all of
science. Interferometers routinely resolve wavelengths far smaller than the structures they probe,
while particle accelerators recreate conditions not seen since the earliest moments after the Big
Bang.

Comparable advances span quantum control experiments (Bose-Einstein condensates and quan-
tum simulators), neutrino observatories (IceCube, Super-Kamiokande), and precision cosmology
(Planck, ACT, SPT).
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The theoretical descriptions of nature have become so accurate that reality itself now serves as the
experimental apparatus for testing them. Physical law is no longer merely inferred from observation;
it is continuously confirmed, corrected, and operationalized by technologies that depend on its
validity to function at all. The theories have escaped the confines of paper and chalk and become
embedded in the technological fabric of modern civilization. An obvious example is computation.
From the quantum-mechanical behavior of transistors to the relativistic corrections required for
satellite navigation, our deepest physical theories now operate continuously and invisibly inside
machines that process information at planetary scale. Computation is no longer merely a tool for
studying nature; it has become a physical process in its own right, governed by energy constraints,
thermodynamics, noise, and quantum limits.

This trajectory has culminated in the rise of artificial intelligence systems of unprecedented com-
plexity. These systems are not programmed in the traditional sense but are shaped through opti-
mization processes that resemble physical evolution more than logical deduction. Trained on vast
datasets and executed on hardware operating near fundamental physical limits, they exhibit behav-
iors—learning, abstraction, and generalization—that were once considered exclusively biological.
Remarkably, their success does not rely on new physical laws, but on exploiting known ones at
scale, transforming raw energy into structured information with extraordinary efficiency.

While many of the most sophisticated scientific instruments ever built serve no immediate practical
purpose beyond testing fundamental laws of nature, science has also been remarkably productive
in more everyday domains. Smartphones, global navigation systems, not to mention Al-enhanced
electric toothbrushes and nuclear weapons now permeate daily life.

Science has much to celebrate.

1.2 The Elusive Theory of Everything

Given the extraordinary convergence between theory, experiment, and technology in modern physics,
one might expect that the final unification of physical law is close at hand. After the successful
consolidation of earlier partial theories into the two great pillars of modern physics—General Rel-
ativity and Quantum Mechanics—it seemed almost inevitable that the process would culminate in
the ultimate goal of physics: a Theory of Everything, a single equation describing the entire uni-
verse. Yet this expectation has not been realized. Despite overwhelming empirical support for both
frameworks, their current formulations remain fundamentally incompatible. And while empirical
disagreement may signal the need for refinement, mathematical inconsistency is decisive: a theory
that is internally inconsistent cannot be a fundamental description of nature.

Historically, most attempts at unification assume that the quantum description is more fundamen-
tal, so it is General Relativity that should be modified, because everything else has already been
quantized. Matter fields—electrons, photons, quarks—all obey quantum field theory. Spacetime
might simply be another field awaiting quantization, and several facts appear to support this view.

First, GR breaks down at small scales. Near singularities or at the Planck length, curvature appear
to become infinite. This signals a failure of the continuum picture, not of quantum mechanics. The
intuition is therefore to quantize gravity to remove these divergences, just as quantizing electro-
magnetism resolved the ultraviolet catastrophe.

However, despite decades of research, no single framework has yet succeeded in combining the
principles of quantum mechanics with the geometric description of spacetime provided by General
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Relativity. Attempts at unification, e.g. string theory, have become so intricate that the complexity
itself now poses the greatest challenge. In effect, we have constructed a rock too heavy even for its
creators to lift.

1.3 Even Deeper Problems

Unexplained Assumptions

In addition to the well-known difficulty of constructing a unified Theory of Everything, there is a
deeper and arguably more serious problem: all candidate theories rely on unexplained assumptions.

General Relativity posits that spacetime exists as a smooth, differentiable manifold equipped with
a metric tensor whose curvature is determined by the Einstein field equations. The theory describes
with extraordinary precision how spacetime bends in the presence of energy and momentum. Yet it
remains silent on what spacetime is in itself. Is it a physical substance, an emergent phenomenon,
a relational structure among events, or merely a mathematical framework? What, if anything,
is it made of?7 Why does it have four macroscopic dimensions? Why does it possess the specific
Lorentzian signature it does? There are two fundamental constants that enter the theory and are not
derived from it: the gravitational constant coverning the strength of gravity, and the cosmological
constant acting like uniform energy density filling space. What sets the values for these constants?

Quantum Field Theory is even worse. It assumes the existence of quantum fields defined over space-
time. Each type of particle corresponds to excitations of an underlying field. However, the theory
presupposes the prior existence of these fields, their commutation relations, their gauge symmetries,
and a substantial number of experimentally determined parameters: coupling constants, particle
masses, mixing angles, and the structure of the gauge group. The Standard Model works with
remarkable accuracy, yet it does not explain why these particular fields exist, why the symmetry
group has its specific form, or why the constants take the values they do.

String Theory attempts to move deeper by replacing point particles with one-dimensional strings
and by incorporating gravity in a quantum framework. Yet it assumes additional compacti-
fied spatial dimensions, specific consistency conditions, and a vast landscape of possible vacuum
states—each corresponding to different low-energy physics. The theory shifts the explanatory bur-
den but does not eliminate it: why this vacuum rather than another? Why this compactification
geometry? Why strings at all?

In each case, the formalism specifies dynamical laws operating on pre-existing structures. What
remains unexplained are the origins and necessity of those structures themselves.

This incompleteness can be expressed schematically as:

TOEincomplete = TOEcomplete \ A7

where A denotes the set of fundamental assumptions left unexplained.
What kind of theory of everything is a theory that is not, in fact, about everything?

Furthermore, should the ultimate goal of physics be not only to predict what happens in the
universe, but also to help us understand what reality truly is? What is fundamentally taking
place?
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The Role of Observations

Physical theories must ultimately be tested against observation. Without falsifiable consequences,
a framework belongs more to philosophy than to physics.

Most mainstream physical theories treat the observer as external, presupposing that the universe
exists independently of anyone observing it. Yet observation and experience are the only means by
which the universe is tested and theories are verified. Every empirical statement rests on perception,
measurement, memory, and inference.

Since the early development of quantum mechanics, the role of the observer has been a source of
persistent unease. Einstein famously objected to interpretations that appeared to grant observation
a fundamental role, asking whether the Moon would cease to exist when no one looked at it. Bohr,
by contrast, argued that physics is not a description of nature as it is in itself, but a framework for
organizing what can be said about observations.

Nearly a century later, this tension remains unresolved. Most physical theories are still formulated
as if observers were external to the universe they describe, even though observers are themselves
physical systems embedded within that universe. The formalism typically specifies states, fields,
and dynamical laws, yet leaves the observer undefined.

If a Theory of Everything aspires to completeness, shouldn’t it explain everything—including the
existence, structure, and role of observers?

Big Questions

Even if physics achieves its goal of unifying General Relativity and Quantum Mechanics into a
single theory of quantum gravity, will it ever be able to explain the nature of consciousness—such
as the experience of pain—and reach the ultimate goal: a true 'Theory of Everything’?

None of our current physical theories include equations for human experience. Pain does not
contribute to Einstein’s stress-energy tensor, and there is no particle carrying consciousness in the
Standard Model of particle physics. What, then, is the source of consciousness and our capacity
for sensation—the raw reality of a toothache?

Will science and physics ever be capable of answering these profound questions, or must we seek
the answers elsewhere?



Chapter 2

The Primal Assumptions

2.1 The Quest for the Presumptionless Theory

The holy grail of theoretical physics and cosmology has always been to find a singular, self-evident
first principle from which all of reality can be derived.

Our intuition seems to demand a framework that does not smuggle in arbitrary starting conditions.

We are dissatisfied with the Standard Model of particle physics precisely because it forces us to
accept, without explanation, at least 19 free parameters: fine-tuned constants such as the fine-
structure constant «, the gravitational constant G, and the masses of various particles. To a
philosophically minded software developer, accepting these numbers as ”just because” feels like
intellectual surrender.

And software developers are apparently not the only ones dissatisfied with mainstream physics.
Several theories seek to derive the laws of physics from minimal assumptions.

Ludwig Boltzmann proposed that in a system at thermal equilibrium (maximum entropy), rare
fluctuations can temporarily produce ordered structures. In such a framework, sufficiently complex
configurations—including observers—can arise given enough time.

Max Tegmark’s Mathematical Universe Hypothesis is another rival. It posits that all mathemati-
cally consistent structures physically exist, requiring no external creator or physical spark.

A third major candidate is Archibald Wheeler’s "It from Bit” paradigm, where physical reality is
derived entirely from the binary processing of quantum information.

However, none of these theories are truly presumptionless. Bolzmann assumes time and dynamics.
Tegmark assumes that mathematical structures exist as a fundamental substrate, and ’It from Bit’
takes the validity of quantum mechanics for granted. In all cases, the 'minimal’ starting point is
actually quite a lot to assume.

2.2 The Barren Landscape of Lawless Theories

The fundamental trouble with these lawless, ultimate first-principle theories is that they do not
yield the universe we actually observe. They struggle to get even two planets to orbit each other
with inertia, let alone derive the smooth, continuous spacetime metric.
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It would actually make sense to assume that reality is born from pure probabilistic fluctuations
in an infinite sea of chaos. It would then be something we could truly understand. However, we
immediately run into the Boltzmann Brain paradox. In a truly random infinity, it is statistically
far more probable for a single conscious brain with false memories to fluctuate into existence than
a vast, ordered universe governed by rigid laws.

If the universe is based on mathematics, we are immediately plagued by the measure problem.
There are infinitely more chaotic, non-computable, and glitchy mathematical structures than there
are simple, elegant ones. Without adding an external, ad-hoc rule favoring simplicity, this theory
predicts we should live in a wildly unstable, incomprehensible reality.

Algorithmic Information Theory is an exceptional tool for ledger-keeping and measuring quan-
tum states, but it fails to natively explain why mass resists acceleration (inertia) or how smooth,
continuous gravity emerges from discrete bits.

2.3 The Inevitability of the Starting Assumption

If one seeks to minimize unexplained assumptions as far as possible, one eventually arrives at the
statement: This theory assumes nothing, which is already an assumption.

This reflects, in a broader philosophical sense, a consequence reminiscent of Godel’s incompleteness:
every sufficiently rich formal system appears to require at least some starting point that cannot
be derived entirely from within the system itself. At bare minimum, there must exist at least one
foundational premise.

And if a system requires at least one assumption in order to exist, what dictates that there must
be only one? Why not two? Why not nineteen?

The nineteen seemingly arbitrary constants of the Standard Model, the specific geometry of quan-
tum Hilbert spaces, and the fundamental structure of General Relativity may represent precisely
such irreducible starting assumptions: a minimal set of brute facts required for this universe to
exist at all.

The remarkable success of these theories may point toward a deeper and more uncomfortable truth
about the nature of reality and logic itself. Reductionism may have a floor. We can reduce chemistry
to physics, and physics to quantum fields, yet we may ultimately arrive at a bedrock of predefined
constants and structural axioms that cannot be reduced any further.

The goal of a theory of everything may therefore not be to eliminate all assumptions, but to
determine the smallest and most coherent set of assumptions from which everything else necessarily
follows.



Chapter 3

Quantum Gravity Candidates

Just as the large number of pre-assumptions in our major theories feels unsatisfactory, it also
seems problematic that we rely on two separate, partial frameworks—General Relativity (GR) and
Quantum Mechanics (QM)—to describe a single universe.

Both GR and QM work spectacularly well within their respective domains. However, the moment
we attempt to merge them into a unified theory of quantum gravity, this success comes to a
screeching halt.

When we combine the smooth, continuous geometry of spacetime with the inherently probabilistic
machinery of quantum mechanics, the equations do not merely break down—they do so dramati-
cally, producing infinities and physically meaningless results.

3.1 Semiclassical Gravity

One of the earliest attempts to bridge the quantum-—classical divide is semiclassical gravity. In
this approach, matter is treated as fully quantum, while spacetime remains classical. To make the
Einstein field equations workable, the operator-valued stress—energy tensor of quantum matter is
replaced by its expectation value—the renormalized average of the energy and momentum calcu-
lated over the quantum state of the matter fields. This resulting set of ordinary numbers can then
be inserted into the equations governing curvature.

Semiclassical gravity is remarkably successful. It accurately describes a wide range of phenomena,
from laboratory experiments to astrophysical observations and cosmology. It even predicts striking
effects such as Hawking radiation in black holes. Yet its very success also exposes its conceptual
limitation: the approach is ad hoc. The theory works well for everything we can observe, but it
does not answer any of the deeper question, like what is the physics at the singularity of a black
hole.

3.2 Perturbative Quantum Gravity

A natural next step is perturbative quantum gravity, where spacetime is expanded around a simple
background—typically flat or slightly curved—and the perturbations are treated as quantum fields.
This approach is conceptually straightforward and extends the familiar machinery of quantum field
theory to gravity.
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However, it quickly runs into a fundamental problem: gravity is nonrenormalizable. Unlike the
Standard Model, where quantum infinities can be systematically controlled, perturbative gravity’s
divergences become increasingly severe at higher energies. To cancel these, we are forced to intro-
duce new counterterms at every order of the calculation. This process never terminates, requiring
an infinite number of independent parameters to be measured and fixed. Ultimately, this strips
the theory of its predictive power; instead of a concise model, we are left with an infinite list of
unknowns. The techniques that work spectacularly well for matter fields simply break down for
spacetime itself.

3.3 Nonperturbative and Geometric Approaches

In response to the failure of perturbative quantization, researchers have developed nonperturbative
frameworks that do not assume a fixed background geometry. These include Loop Quantum Gravity
(LQG), Causal Dynamical Triangulations, Asymptotic Safety, Causal Set Theory and Noncommu-
tative Geometry (NCG). While all these represent valuable research programs, they all remain
incomplete as full theories of quantum gravity.

Loop Quantum Gravity

A leading example is Loop Quantum Gravity (LQG), which models spacetime as a discrete com-
binatorial structure of spin networks. LQG is mathematically rigorous and fully background-
independent, offering a conceptually clean quantization of geometry.

The theory is a cousin to Penrose’s Twistor program in that his work on spinors and spin networks
provided the mathematical toolbox that allowed LQG to exist.

However, it seems major obstacles still remain. Deriving a smooth classical spacetime limit is
nontrivial, and embedding standard particle physics into the LQG framework remains unresolved.
Despite its mathematical rigor and background independence, LQG faces persistent challenges in re-
covering a realistic low-energy limit. The emergence of a smooth, 4-dimensional classical spacetime
with the correct long-distance dynamics (including the Einstein equations) is not fully under con-
trol, often relying on semiclassical approximations or specific choices of states. Incorporating matter
fields, particularly chiral fermions from the Standard Model, encounters issues like fermion doubling
or difficulties in coupling them consistently without breaking key symmetries. Lorentz invariance
violations predicted in some early formulations have not been observed experimentally, forcing ad-
justments that weaken distinctive predictions. Overall, while it quantizes geometry cleanly, it has
not yet produced a complete, predictive quantum theory of gravity unified with particle physics.

3.4 Canonical Quantum Gravity

A conceptually direct attempt to quantize gravity involves applying canonical quantization to
General Relativity. In this approach, 4D spacetime is decomposed into a foliation of spatial slices
(the 3+1 formalism), allowing the Einstein equations to be rewritten in Hamiltonian form, for
compatibility with Quantum Mechanics.

Upon quantization, the classical constraints of General Relativity are promoted to operator equa-
tions acting on a wavefunction, which encodes the quantum state of the spatial geometry. The
central result is the Wheeler-DeWitt equation:
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HU[hi;] = 0.

The irony is that while trying to make General Relativity compatible with Schrédinger equation,
the resulting equation actually lacks the time derivative essential in the Schrodinger equation. By
trying to force GR into the ”Hamiltonian” box of QM, the time variable disappears entirely.

This leads to the ”Problem of Time”: whereas standard quantum mechanics describes states evolv-
ing against a background time, the wavefunction of the universe appears static. Recovering time
as an emergent or relational concept remains a profound open problem.

Despite this, Stephen Hawking’s Euclidean Quantum Gravity program utilized the Wheeler-DeWitt
framework alongside Wick rotations and path integrals to define the ” No-Boundary” proposal.

3.5 String Theory: A Rock Too Heavy

In string theory, the traditional concept of zero-dimensional point particles is replaced by one-
dimensional strings. The vibrational frequency of a string determines the mass and charge of a
particle, much like different notes played on a guitar string.

The theory’s primary selling point is its inherent ability to unify gravity with the standard model of
particle physics. Gravity emerges naturally as one of the vibrational modes of the string—specifically
the massless, spin-2 graviton. Beyond this, the framework encompasses deep mathematical struc-
tures such as dualities, extra dimensions, and black-hole entropy counting.

The earliest framework, bosonic string theory, is mathematically consistent only in 26 spacetime
dimensions. Later, the introduction of supersymmetry led to superstring theories, which include
fermionic degrees of freedom and are consistent in 10 dimensions. These dimensions are not arbi-
trary; consistency requires the cancellation of quantum anomalies on the string worldsheet. From
a mathematical perspective, these constraints represent a form of elegance: the structure of the
theory tightly restricts the space of consistent possibilities.

However, several open issues prevent string theory from being accepted as a complete physical
theory.

First, most formulations are not manifestly background independent. It is a candidate of ToE,
except the spacetime geomeotry, which it doesn’t explain but pre-assumes. If a theory starts with
a stage already built, someone is entitled to ask who hired the carpenter.

This stands in contrast to general relativity, where spacetime geometry is fully dynamical and not
a fixed stage.

Second, the theory relies on supersymmetry (SUSY), which predicts that every known particle has
a “superpartner” with a spin differing by 1/2. Despite the high energy reach of modern colliders,
none of these predicted sparticles have been detected.

Third, the theory admits an enormous landscape of possible vacuum states, estimated at 10°°°. Our
universe would correspond to the one that happens to produce the physics we observe. These vacua
arise from the myriad ways of compactifying the extra dimensions into complex shapes known as
Calabi-Yau manifolds. The specific geometry of these manifolds, combined with the way higher-
dimensional objects called “branes” wrap around them, dictates the physics of the resulting 4D
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universe. This raises significant concerns regarding predictivity and falsifiability; if the theory can
accommodate almost any physics, it may lack the power to uniquely predict our own.

Despite these challenges, string theory remains a dominant tool for theoretical discovery. One of
its most significant modern pillars is the AdS/CFT correspondence. This duality relates a theory
of gravity in a specific volume (Anti-de Sitter space) to a quantum field theory on its boundary.
This “holographic principle” has allowed physicists to use the mathematics of string theory to
solve problems in nuclear physics and condensed matter, even in the absence of direct experimental
evidence for strings themselves.

The long-term ambition remains a unified, possibly background-independent framework. In 1995,
Edward Witten proposed that the five consistent superstring theories are different limits of a deeper,
11-dimensional framework known as M-theory. While M-theory introduced branes and suggested
that an additional spatial dimension emerges at strong coupling, it remains an incomplete frame-
work. We currently lack a non-perturbative master principle—a definitive “M-theory action”—that
would serve as the theory’s starting point.

Ultimately, direct experimental tests of string-scale physics remain out of reach. While the theory’s
flexibility allows it to accommodate reality, the mechanism required to derive our specific universe
from first principles remains undiscovered. In this sense, string theory remains a monumental
mathematical achievement that has yet to prove its physical inevitability.

3.6 Emergent and Holographic Approaches

A more radical class of ideas treats gravity and spacetime as emergent rather than fundamental.
This perspective arose from puzzles at the intersection of gravity, thermodynamics, and quantum
theory. Black holes behave as thermodynamic objects, possessing entropy proportional to hori-
zon area and emitting thermal radiation. These results suggest a deep link between geometry,
information, and statistical mechanics.

The observation that gravitational entropy scales with area rather than volume led to the holo-
graphic principle: the idea that the degrees of freedom of a region of spacetime may be encoded on
its boundary. Holographic dualities further support this view, showing that spacetime geometry
and gravitational dynamics can emerge from nongravitational quantum theories.

The holographic principle argues that a three-dimensional universe can be described by a two-
dimensional theory (N — N —1). This is actually quite surprising result. Everything that happens
in the universe (whether it had four dimensions or eleveven), can be described by its N — 1 dimen-
sional surface.

3.7 The Simulation Hypothesis: Reality as Software

During recent years so-called Simulation Hypothesis has become increasingly popular. If 3D can
map to 2D, why stop there? In software architecture, any N-dimensional space is ultimately stored
as a one-dimensional bitstring (N — 1). A sequence of bits has no intrinsic geometry, it is just a
set of information.

If the universe is fundamentally informational, it is tempting to conclude that we are merely a
program running on some higher-order "hardware.” In this view, the strange ” quantization” of our
world is simply the resolution of the grid, and the speed of light is the clock-speed of the processor.
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However, the simulation hypothesis feels like a philosophical ”shell game.” It merely translates the
mystery of existence by one level: if we are a simulation, who simulated the simulators? Further-
more, it ignores the staggering Information Cost of reality.

Consider the entropy of a single human being. To simulate even a single strand of DNA with perfect
fidelity requires tracking billions of quantum interactions. To harvest enough information from a
"parent universe” to simulate an entire ”child universe” would require a massive thermodynamic
overhead. To simulate a universe would require a computer larger than the universe itself. Even
if the simulation used ’lazy loading’—only rendering the parts of reality that are currently being
observed, who would pay the electricity bill for that project?

From a developer’s perspective: The simulation hypothesis might explain why General Relativity
and Quantum Mechanics appear so difficult to unify. Anyone familiar with software engineering
understands the reality of legacy code. The fundamental incompatibility between the smooth,
geometric curves of General Relativity and the discrete, probabilistic jumps of Quantum Mechanics
might not be a profound mystery of nature, but simply a case of poor design. In this light, the
universe is a patchwork of modules written by incompetent architects, at different times, with
different goals.
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Chapter 4

Typical Software

It is easy to imagine a powerful computer with a huge database and advanced logic. Such a
system could be highly efficient in its operations, capable of making accurate, intelligent decisions
in virtually any situation. It might even think, ultimately becoming aware of its own existence.

However, it is difficult to see how such a mechanically operating machine could truly feel pain.

Imagine a typical software program consisting of thousands of lines of code. How many additional
source lines would need to be added to transform the software into a conscious entity? Would
it be the 10'th line that suddenly imbues the system with the ability to feel pain? Could it be
the introduction of a deeply nested loop that finally grants consciousness? Or is it the number of
if-else clauses that holds the secret?

Regardless of the number of loops and source lines added, it appears that nothing significant would
occur. The software program would remain just that—a software program, albeit larger in size.

If software were truly capable of sensing pain, what would be the worst thing that could happen
to it? Is it division by zero, or a reference to an uninitialized variable?

int uninitialized;
int initialized = 3;

int good = 2 * PI * initialized; // feel good :)
int bad = 2 * PI * uninitialized; // feel pain :(
int maximal_pain = 1/0; // division by zero, maximal pain!

If consciousness is not solely a software issue, could it be related to hardware instead? For example,
the graphics board controls what the computer renders on its screen. By writing appropriate values
to memory addresses constituting the so-called video memory, one can turn pixels on and off to
create images. What would be the memory addresses one has to poke in order to create pain?

// try to poke pain
*((bool *)0x000000) = true; // argh

13
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4.1 The Hard Problem of Consciousness

Elementary Building Blocks of Computer

A computer is a mechanical device whose operation can ultimately be reduced to the manipulation
of elementary states. At the lowest level, these states are bits—physical realizations of binary values
implemented through transistors, voltage levels, or switching elements functionally equivalent to
mechanical relays.

No matter how complex the software or how sophisticated the architecture, the entire operation of
the machine can, in principle, be traced back to state transitions among these elementary compo-
nents. The computation performed by a supercomputer differs from that of a pocket calculator only
in scale and organization, not in ontological kind. Everything reduces to bits changing according
to well-defined rules.

Because of this reducibility, it is difficult to take seriously the idea that a sufficiently large network
of relays and copper wires could genuinely experience pain. Should I type gently on my keyboard,
fearing that striking the keys too hard might trigger a migraine in my laptop? Do partially broken
memory chips introduce suffering, much like a broken tooth causes pain to its owner? Could a
hardware defect transform my cheerful computer into a miserable one, longing to be switched off?

How many additional relays would I need to add to my home automation system to produce pain?
Or perhaps it is not the relays but the wires—should I replace copper with aluminum to generate
suffering? Would three-phase relays instead of single-phase ones finally cross the threshold into
consciousness?

The absurdity of these examples highlights an important point: in a computer, there is nothing
beyond the organized interaction of its elementary components. Once the behavior of bits and logic
gates is fully specified, nothing further remains to be explained. There is no residual mystery about
what the system is doing.

Elementary Building Blocks of the Human Experience

The brain is a physical system, in many ways analogous to a computer. Its elementary units
are neurons that exchange electrochemical signals. Neuroscience has made remarkable progress
in uncovering the neural correlates of behavior and experience; brain imaging techniques, such
as magnetic resonance imaging (MRI), allow researchers to observe patterns of neural activation
associated with perception, decision-making, and emotion.

Yet, it is here that the parallel with computers breaks down. Even if we possessed a complete map
of every neuron, every synapse, and every electrical impulse, an explanatory gap would remain.
Human behavior cannot be reduced to the operation of neurons alone.

In recent decades, the study of consciousness has emerged as one of the most active interdisciplinary
fields, spanning neuroscience, cognitive science, artificial intelligence, and philosophy. Yet the
central question remains unresolved: why do physical processes give rise to subjective experience,
and how does such experience govern the behavior of macroscopic entities?

This persistent gap between physical processes and subjective experience is what has come to be
known as the "hard problem of consciousness” [chalmers1995facing].
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4.2 The Problem with Pain

It is often assumed that consciousness and pain are incidental; we can understand the architecture
of software without ever knowing what it feels like to be that software.

However, the deeper issue is one of causality: how could such subjective ”feelings” exert any
influence on the software’s operation?

In a deterministic program, every step is dictated by prior state and hardcoded logic. Even if a
”pain state” exists within the system, it appears to have no causal power—it cannot reach out and
alter the CPU’s instruction pointer. Pain, in a purely physicalist or computational model, seems
causally inert.

Imagine a home automation system that suddenly gains consciousness and begins experiencing
agony whenever a thermal sensor reports high temperatures. This pain might be intolerable, yet
the next instruction in the pipeline remains unchanged: load a value from a register, multiply it,
calculate a square root, and write the result to a memory address controlling a heating valve.

What could the software do about its suffering? Could it refuse to execute the next assembly
instruction? Could it choose not to proceed? It cannot. It is a prisoner of its own logic. Intro-
ducing non-deterministic elements—such as a random number generator—does not bridge the gap;
randomness is a roll of the dice, not the exercise of pain-driven agency.

The only way to grant pain causal power would be to implement a dedicated ” pain-sensitive” control
flow:

if (self->get_pain_level() > TOO_MUCH_TO_BEAR) {
// cool down

} else {
// heat up

}

But we do not find a pain() function in the standard libraries of C/C++. There is no header file
for ”anguish.”

4.3 Proposed Sources of Consciousness

No consensus exists regarding the source of consciousness. Instead, proposals span nearly every
possible scale of physical description.

At the macroscopic level, most neuroscientific theories locate consciousness in large-scale brain
dynamics: coordinated neural firing, thalamocortical loops, or global workspace architectures. In
this view, consciousness is an emergent property of complex biological organization.

At smaller scales, some theories identify consciousness with specific cellular or subcellular mecha-
nisms. The most well-known example is the Orchestrated Objective Reduction (Orch-OR) model
proposed by Penrose and Hameroff [penrose1989emperor, hameroff1996conscious|, which at-
tributes conscious processes to quantum coherence in neuronal microtubules.

At the most reductionist end, certain approaches appeal directly to fundamental physics. Con-
sciousness has been linked to quantum states, wave-function collapse, spacetime geometry, or even
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black hole singularities. In some cases, this leads to panpsychism—the view that consciousness is
a basic feature of matter itself.

Finally, computational and functionalist theories argue that consciousness depends only on the right
informational structure. According to this view, any system—biological or artificial—that imple-
ments the appropriate computation could, in principle, be conscious. Contemporary discussions of
Integrated Information Theory (IIT) and artificial intelligence fall into this category.

The issue is not which of these theories is correct, but that every conceivable level of descrip-
tion—cosmic, quantum, cellular, neural, computational—has been proposed as the decisive one.
There is no agreed-upon scale, mechanism, or substrate. Consciousness does not suffer from a
shortage of proposed explanations!

4.4 Equation of Pain

Could consciousness lurk in the fact that humans are composed of organic biological tissue — which
is considered ’alive’ as opposed to non-organic matter like silicon? Hardly; both adipose tissue and
silicon are ultimately made up of the very same type of subatomic components.

Is all matter conscious to some degree, as panpsychism suggests? Could relays, copper wires, even
rocks have some level of consciousness [Goff2019, Strawson2006, Chalmers2015, Whitehead1929]?

The most effective way to verify an object’s consciousness is, naturally, to subject it to various
forms of existential distress. So let us torture rocks with the best possible torturing device one can
imagine - a sledgehammer, or maybe even a drift drill! Rocks do not seem to care! This observation
cannot, of course, prove rocks unconscious. Rocks could well be conscious, they just do not have
the sense to feel pain. Or perhaps they do sense pain intensely, but they just cannot show it. They
might be in everlasting pain, but have no mouth to scream, no legs to kick. What a terrible destiny!

Physics has, so far, failed rather miserably to describe human feelings. There is no Newtonian law
of pain, no Schrodinger equation of suffering, and certainly no general relativistic theory that can
predict tomorrow’s headache.



Chapter 5

What is the minimum requirement for
a stable observer?

5.1 Natural Selection

While Charles Darwin’s theory of evolution has historically been the subject of intense debate, it
is no longer a matter of belief. The evidence is overwhelming. All known life on Earth is based on
DNA, and modern biology has uncovered the structure of the genetic code and the mechanisms by
which it is replicated, mutated, and selected. These discoveries strongly confirm the core principles
of evolutionary theory.

Complex biological systems, including intelligent and conscious organisms, do not arise sponta-
neously in their fully developed form. Instead, they emerge through gradual processes of variation
and selection over vast timescales. The probability of a fully formed human organism appearing
by random assembly is effectively negligible. Rather than appearing suddenly, life evolves through
cumulative, incremental changes, where each step is shaped by environmental pressures and repro-
ductive success.

5.2 Minimal Conditions for Evolution

Intelligent Clouds

There is a science fiction book, The Black Cloud [hoyle1957blackcloud], in which an intelligent
cloud arrives and proceeds to cause all sorts of trouble. The reason the book is science fiction
rather than science, and why intelligent clouds cannot exist in real life, is that there are no known
laws of physics on which such a cloud could plausibly be based.

The more intelligent and complex a system is, the smaller the probability that it could simply
appear spontaneously. For a giant intelligent cloud, the probability should be practically zero.

The only theory we currently have that explains the existence of truly intelligent systems is evolu-
tion. For evolution to work there must be many candidates and a mechanism of natural selection
capable of eliminating the less successful ones. In the case of intelligent clouds, there would have
to be lots of clouds, and natural selection would need to eliminate the weak and disorganized ones

17
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while favoring those capable of maintaining structure. Only then could intelligent clouds gradually
develop.

But how would evolution work for a cloud whose behavior is governed by the Navier—Stokes equa-
tions of fluid dynamics? How could such a cloud keep its information in order? What would happen
if a storm passed by and blew the cloud apart? Even relatively small disturbances to a human brain
can cause severe damage. A violent disturbance would correspond to putting a brain into a kitchen
blender and switching it on. It is not difficult to see why the brain would not think very clearly
afterward. An intelligent cloud would need to know its boundaries and maintain a stable internal
structure to stay ’alive’. A gas cloud has neither. It would not remain organized long enough to
evolve intelligence.

In principle one could imagine some unknown form of matter with properties suitable for main-
taining information in a gaseous state. However, astronomical observations give us little support
for this idea. When we analyze the spectrum of light coming from anywhere in the universe—even
from the most distant galaxies—we see essentially the same electromagnetic fingerprints. This tells
us that they are made of the same raw materials as our own home sweet Milky Way.

Alien Life

It has been proposed that life could be far more common than generally believed and might not
necessarily be carbon-based. However, the challenge is that Earth appears to be an ideal habitat
for diverse life forms. If life emerged easily, shouldn’t we observe ”exotic” organisms—perhaps
non-DNA-based—coexisting with us? Instead, we find only one biochemical lineage, all rooted in
DNA and evolution. Furthermore, our exploration of the solar system and our extensive monitoring
of radio signals (SETT) have yielded no traces of life, intelligent or otherwise.

Perhaps life exists on a different temporal scale. If their biological processes run significantly faster
or slower than ours, we might perceive them as either stationary matter or a blur too rapid to
recognize as sentient. However, while time-scale differences are a great sci-fi concept, biology is
bound by the laws of thermodynamics and chemistry. Chemical reactions (the basis of life) happen
at specific rates dictated by temperature and molecular stability. A creature "moving too fast”
would likely burn up from the heat of its own metabolism; one "moving too slow” might not be
able to gather enough energy to maintain its structure against entropy.

Maybe exotic life could be here, but we simply aren’t looking for it correctly. Most of our tools
(PCR, DNA sequencing) are designed specifically to find DNA. If a "non-DNA” microbe existed
in the dirt, our current tests would likely dismiss it as "non-living” chemical noise.

Super-Symmetric Life

The vast majority of matter in the universe consists of "dark matter,” the nature of which re-
mains one of science’s greatest mysteries. Some theories of physics predict (or assume) a set of
supersymmetric particles that could account for this phenomenon. If these particles are capable of
forming complex structures—analogous to atoms and molecules—then it is statistically plausible
(given that dark matter is five times more prevalent than visible matter) that ”dark life” exists.
We may be sharing the universe with an entire dark ecology that remains completely invisible to
our senses.

Again, physics fights back. Dark matter (and most predicted supersymmetric particles) can be
shown to be collisionless. It doesn’t interact with electromagnetism, which means it doesn’t ” clump”
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the way normal matter does.

To have life, one needs complex molecules. Normal matter forms molecules because electrons attract
and repel each other. Since dark matter doesn’t seem to interact via the electromagnetic force, it
can’t form ”dark atoms” or "dark DNA.” It mostly just passes through itself and us like a ghost.
Without a way to bond particles together, dark matter might not be able to build a ”dark person.”

5.3 Definition of Living Observer

Defining life itself is notoriously difficult.

The primary challenge stems from borderline cases. Entities such as viruses, prions, and sterile
organisms satisfy some criteria for life but fail to meet others. Any strict definition inevitably
excludes entities that many scientists consider ”living,” or includes those they do not.

Recent developments in Al and computing present a distinct challenge: substrate independence. We
can create digital replicas of living cells; in the future, we may run increasingly complex simulations
of life. These simulated entities do not truly exist, appearing only as mathematical equations
executed by silicon hardware.

Do these digital replicas qualify as life?

Some non-living systems—such as growing crystals, spreading fire, or autocatalytic chemical sets—exhibit
superficial signs of life. However, they lack the active, self-directed control that characterizes true
living systems. Passive or fleeting separation from their environment is insufficient.

Despite these complexities, certain characteristics appear consistently across all known living sys-
tems:

e Thermodynamics: The second law of thermodynamics dictates that complex systems nat-
urally trend toward disorder. By favoring structures that efficiently preserve and replicate
information, evolutionary processes gradually accumulate complexity. DNA appears to play
a critical role here. Life operates as a low-entropy system, continuously exporting disorder to
maintain internal order.

e Intelligence: Some degree of intelligence, or at minimum, automated self-regulation, is re-
quired. An extreme example of this is the conscious, intelligent entity that attempts to
describe its own existence mathematically through the lens of Quantum Mechanics—the ob-
server.

e Informational Boundaries: Life requires well-defined boundaries between the ”inside” and the
"outside.” All life on Earth is founded upon self contained entities, from cellular structures
to entire human.

In fact, even minor breaches are often lethal. For example, if human skin is wounded, the
consequences can be catastrophic. The constituent atoms remain, but the intricate internal
organization begins to dissipate, leading to systemic failure.

5.4 Conclusion

Without eliminating anything out, what would then be one most fundamental attribute of an
observer to start with?



20 CHAPTER 5. WHAT IS THE MINIMUM REQUIREMENT FOR A STABLE OBSERVER?

Principle 5.4.1: Observer Requires Informational Boundaries

An observer requires well defined boundaries.

This is the very mechanism that defines the observer into existence, drawing a sharp line between
the system doing the measuring and the system being measured.
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Non-Physical Life

6.1 Soul as the source Consciousness

Is there something like “soul” expaining why the current theories of physics don’t include the
equation of pain?

Modern science avoids the word “soul” because it cannot be tested, but philosophers, neurosci-
entists, and even some physicists continue to explore whether consciousness requires something
beyond ordinary physical processes. In effect, some modern theories echo older soul-like concepts,
even if they do not use the word.

John Eccles argued that consciousness cannot be explained by material processes alone; he proposed
a non-physical “self” (similar to a soul) interacting with the brain.

Penrose & Hameroff (Orch-OR theory) suggests that consciousness may arise from quantum pro-
cesses in neurons and speculated that this might connect with the idea of a soul, though their
theory remains widely disputed.

David Chalmers formulation of the “hard problem of consciousness” does not invoke a soul explicitly,
but it reopens the possibility by arguing that subjective experience appears irreducible to brain
activity.

Near-death experience researchers (e.g., Pim van Lommel) argue that NDEs indicate consciousness
can exist independently of the brain, again resonating with traditional soul concepts.

Near-Death Experiences (NDEs)

This is a phenomenon that itself is undeniable. Millions of people across cultures and history
have reported consistent experiences. Serious institutions have investigated them for decades. The
scientific mystery lies in how a brain with measurable zero electrical activity (flat EEG) can produce
the most vivid, structured, and life-changing memories a person has ever had.

Researchers have identified several core elements common to these episodes:

e Out-of-Body Experiences (OBEs): The sensation of floating above one’s own body and
observing medical procedures or the immediate surroundings.

21
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e The “Tunnel”: A feeling of being drawn through a dark space toward a brilliant, warm
light.

¢ Life Review: A panoramic replay of one’s life events, often experienced from the perspective
of others involved.

e Intense Peace: An overwhelming sense of love, euphoria, and the total absence of pain.

e The “Border”: Reaching a point of no return where the individual is told (or decides) to
return to their body.

But how reliable are these findings?

Lommel, a Dutch cardiologist, published a landmark study in The Lancet (2001). His work is
significant because, rather than relying on retrospective anecdotes, he studied patients resuscitated
in hospital settings in real-time. He found that dying brains can sometimes flare with gamma
waves—the kind of high-level electrical chatter usually reserved for deep thought. Some patients
also reported clear, structured consciousness at a time when their brains showed no measurable
electrical activity.

It was one case in the first AWARE study that shook the researchers. A 57-year-old social worker
described his resuscitation in such detail that it seemed to defy the timeline of a ”dead” brain. He
accurately described the people in the room, the sounds of the machines, and the specific actions
of the doctors. Most importantly, he recalled the auditory ”beeps” of an automated external
defibrillator (AED) that only occurred several minutes after his his brain should have been inactive.

Van Lommel argues that the brain might function more as a receiver for consciousness than its
producer. In this view, if the radio (the brain) is broken, the broadcast (consciousness) continues
to exist; it simply can no longer be translated into the physical realm.

If a consciousness can truly float above the physical body, then it should observe objects on high
shelves or in adjacent rooms that are hidden from the patient’s physical line of sight. And this has
actually been tested in AWARE studies. However, to date, no one has returned from the brink to
report what was written on the cards placed near the ceiling. The lack of 'hits’ doesn’t necessarily
proof that the soul stays put; it might just show that when you’re undergoing the most profound
experience of your existence, you aren’t exactly looking for a shelf.

A sceptic might argue all those NDEs might be just hallucinations. However, there is one argument
that does not quite support this. Unlike typical hallucinations, NDEs almost always result in a
permanent personality shift and the removal of the fear of death.

Anyway, what science has been shown is that consciousness is more resilient than once thought;
the lights do not go out instantly.

New Testament and Christianity

According to Jesus (Matthew 10:28): “Do not fear those who kill the body but cannot kill the
soul.”

The New Testament indirectly links many aspects of consciousness to the concept of the soul. Our
conscious decisions determine what happens to our soul once we die. The soul is described as the
immaterial and eternal part of a human being that is distinct from the physical body.
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Indeed, soul, just like consciousness and pain, appear to live in a domain that is not physical. It is
something that cannot be touched, weighted, or directly measured by any measuring device.

How reliable is the New Testament? How strong of a case do science and archaeological findings
make to support the stories within it? Is there any evidence to support that a person named Jesus
ever lived?

It turns out there is no single piece of direct archaeological evidence for Jesus whatsoever. We just
have to believe the story put forward in the Gospels.

The Gospels are, however, based on a large number of ancient archaeological documents written in
Greek. Thousands of manuscripts have been found, and new ones are discovered every year.

None of these manuscripts are original, but merely copies of copies. Due to the manual copying
methods used back then (copy machines were invented much later), none of the found manuscripts
is identical. They all contain errors and differences. However, by comparing the numerous copies
found, researchers have managed to restore the original document.

From the four Gospels, three would seem to tell essentially the same story. These are Matthew’s,
Mark’s, and Luke’s Gospels, and they are known as the Synoptic Gospels. There are 661 verses
in Mark’s Gospel, from which 607 are also included in Matthew’s Gospel, and 360 are included in
Luke’s Gospel. Matthew and Luke have 230 common verses which, however, are not included in
Mark. Because of this, it would seem that Matthew and Luke are based on Mark, as well as on
some yet unknown source that is called the “Q” document. The name “Q” comes from the German
word “Quelle,” which means “source.” Q is thought to be a collection of sayings and teachings of
Jesus that were shared by Matthew and Luke but not found in Mark.

The Gospel of Mark is believed to have been written between 60-70 AD. Science has managed to
pinpoint the dating of the manuscripts with astonishing accuracy by considering many factors, for
example handwriting style, paleographic analysis, and historical references.

So the fact is that the New Testament draws its foundation from thousands of ancient documents.
Rejecting their authenticity is akin to disputing the existence of dinosaurs despite the continual
discovery of new fossils each year. Moreover, early dating provides the New Testament with a
degree of credibility, offering testimony that, while not necessarily from eyewitnesses, still carries
weight.

Doubt
However, a couple of concerns arise in the mind of an average programmer.

All the manuscripts seem to be based on just two original sources: the Gospel document and the
yet-to-be-found Q-document (as per the “Two-Source Hypothesis”). How can one be certain that
the original text was not written by someone suffering from a wild imagination, at the very least?
How can one determine that the authors of the original texts did not exaggerate to some degree?
How can we discern whether these authors were simply storytellers of their time?

Furthermore, Jews do not seem to believe in Jesus as the Messiah. According to Jewish tradition
several reasons exist. Jesus did not fulfill the messianic prophecies nor embody the personal quali-
fications of the Messiah. He did not build the Third Temple nor gather all Jews back to the Land
of Israel. He also failed to spread knowledge of the God of Israel so that humanity would be united
as one. The God of Israel is definitely not king over all the world.
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Jesus’ teachings and the doctrines associated with Christianity, including the concept of the Trinity
and the divinity of Jesus, are also in serious contradiction with Jewish theological beliefs. Judaism
emphasizes monotheism and the unity of God, rejecting the notion of Jesus as a divine figure.

What worries an average programmer is that the God worshipped by Christians and Jews is the
same God. Both religions trace their roots back to the Hebrew Bible (Old Testament) and ac-
knowledge God as the one and only.

The fact that Jews do not believe in Jesus, the son of God, as the Messiah therefore feels like a
serious matter. It is the very soul of an average programmer that is at stake. Jesus was a Jew, and
if Jews themselves do not believe in him, then why should an average programmer do so?

Are we Christians certain that we are on the right path? Are we confident that we are headed
toward heaven instead of eternal suffering in the fires of hell?

And what about other religions, many of which seem even more incompatible with Christianity?
Do they fall into the category of false religions, with believers whose unfortunate fate one can only
regret?

6.2 Religion and Logical Reasoning

Does the idea of God hold up under logical scrutiny?

For example, according to the Bible, God is one and only. God created mankind in His own image;
in the image of God, He created them - male and female He created them.

As we humans are undoubtedly a social species living in dense groups, this implies that God must
also have a social nature, or he wouldn’t have created us in his image. But in that case, where did
other gods go?

If there was only one God, how did he develop social properties that are emergent only in species
living in groups?

How such a magnificent system exist anyway? The probability of the spontaneous existence of
an omnipotent being is even smaller than the spontaneous existence of a smart cloud based on
Navier-Stokes equations.

All intelligence that we are aware of on earth is a result of long process of evolution. It would
therefore be easier to accept the existence of highly developed omnipotent creatures if they were
based on the theory of natural selection. However, in order for evolution to work, there had to be
lots of Gods and there had to be an environment hostile enough to drive their evolution.

Maybe something went wrong and all the other Gods died or moved some place else. One stayed
and got lonely. Being a social animal God was in a bad need of good company, and created man.

This would actually explain the friendliness of God. If there was only one God then why would he
appear to have the properties specific to social animals? He could do whatever he feels like, without
worrying about anybody else but himself. If only one God got created spontaneously, then it would
be quite difficult to explain how he got not only so incredible omnipotent but also so incredible
friendly. Maybe Gods forgot their social origins and turned individualistic destroying each others
using black holes as bombs.
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By sending his son down to earth God wants to tell us humans that we should not be selfish but
social to make sure we humans don’t end up destroying each other the same way Gods did.

Omnipotent God

Stephen Hawking has commented quite unfavourable on God by asking whether God can create
a stone too heavy for him to lift. This should be a problem an avarege programmer could try to
solve.

Lifting is a process where one applies a force to a rock under a gravity field.

If the force is greater than the force caused by the gravity field, then one would be strong enough
to lift the rock.

How strong a force can an allmighty creature then apply? God is supposed to be almighty, so the
only sensible answer is infinitely strong. Otherwise, God wouldn’t be almighty at all, because one
could name a rock God wouldn’t be able to lift.

And for the same reason God would also have to be able to create infinitely heavy rocks. So the
question whether God can create a stone he can’t lift is the same question as if an infinite force
can lift an infinite mass.

Mathematics cannot really answer this question.

Universe that Just Be

According to Stephen Hawking, the universe might not need a creator. He suggested that the
universe could simply be—existing without ever having been created. If that is the case, why
couldn’t the same be true for God? Perhaps God simply exists and was never created.

If a well recognized scientist says the entire universe could simply be, then surely could God simply
be too! Both constructions are somewhat unbelievable structures to exist.

One can try to evaluate which one of the two explanations is more probable. The more complex
and intelligent the structure the smaller the changes that it can spontaneously exist. This is a
trivial application of statistical mechanics.

Let K(X) denote the algorithmic complexity (Kolmogorov complexity) of a system X, i.e., the
length of the shortest description that fully specifies it. Then the probability of spontaneous
existence of a low-entropy system can be modeled as

P(X) ~ e KX,

Applying this to God and the Universe gives

P(GOd) e_K(GOd) e [K(God)—K (Universe)]

P(Universe) e~ K(Universe) —

Since God is assumed to be more sophisticated and informationally richer than the Universe itself,
we have
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K(God) > K(Universe) = P(God) < P(Universe).

This formalizes the intuitive idea that highly ordered, complex systems are exponentially unlikely to
appear spontaneously, and a system more complex than the Universe (e.g., God) is correspondingly
even more improbable to arise.

If God is truly capable of creating the universe, then God’s own structure must be more complex
and intelligent than the universe itself. Consequently, the probability of God existing spontaneously
should be lower than the probability of the universe existing spontaneously.

So why do we believe the less probable explanation?



Chapter 7
Magic

If one allows even a single spiritual or paranormal creature (e.g. God) to exist, what prevents there
being a whole flock of them?

7.1 Paranormal Experience

Uninvited Buzzing Visitor

There is only one somewhat “paranormal” incident I can be certain of—one I experienced myself.
It was a dark night when, as a young student, I suddenly woke up and sensed, actually saw, that
someone had entered my room. I tried to get up and turn on the light, but a strange low-frequency
sound (maybe about 50 Hz, hard to tell) emerged right behind my head. The harder I tried to
move, the louder it became. So I gave up resisting—and a few seconds later, the sound (and the
“visitor?”) vanished. I was free to move and found no one in the room. I was certain I wasn’t
dreaming.

Initially, I might have dismissed the incident as a hallucination, but later I heard an older lady
describe the exact same phenomenon on a radio program. The only difference was that she also
saw a tunnel with a light at the end. I never saw a tunnel, let alone a light (should I be worried?).
Still, the buzzing sound incident stuck with me for years.

Carbon-14 Scam

Soon after, I found a leaflet from a religious group claiming modern science was a scam. It offered
“proofs,” such as a case where Carbon-14 dating supposedly showed an animal to be ancient even
though it had died yesterday. Naturally, I believed it.

Divining Rods

As a boy, I thought my father was a smart man. Despite lacking a formal education due to the
war, he understood complex topics—percentage calculus, for example. So when he told me that
some people can feel underground water flows, I believed him too. He even suspected those flows
could have harmful effects on people sleeping nearby. Indeed, my grandmother was living proof!
One day, we ran our own experiment with divining rods. We failed to find a single water flow.

27



28 CHAPTER 7. MAGIC

Later, I discovered a university study where 32 dowsers attempted to locate underground water
veins in a double-blind test. Not a single success. When I brought this up to a colleague who swore
he could dowse, he scoffed. So I blindfolded him and asked him to repeat the trick. Without being
able to see, he couldn’t even remember the spots he’d pointed out minutes earlier. Apparently,
water flows are highly mobile—especially when your eyes are covered.

The Power of Mind

Then there was my best friend, who swore by a certain paranormal phenomenon: two people place
their hands over the head of a third, concentrate, and after a few minutes, they can lift them
using only their fingertips, “defying gravity.” Finally, I thought, here was a chance to prove the
paranormal! We gathered a group and tried. We concentrated with all our might, slipped our
fingers under the seated person, and... nothing. He stayed firmly in the chair. We even switched
roles, suspecting that one of us was subconsciously not concentrating hard enough, but gravity
remained annoyingly consistent.

Not even the classic method of altering concentration—drinking lots of beer—made a difference.
Gravity was unimpressed. Alcohol, however, had other noticeable effects the next morning.

Limited Spectrum of Human Vision

One of my teachers was also convinced of spiritual creatures, insisting we simply lacked the senses
to see them. “With our tiny human eyes, we can’t even see infrared!” he said. So, during my army
service, I finally tried infrared night-vision goggles. To my disappointment: no glowing demons, no
invisible spirits, nothing! And what could possibly be more infrared than Satan?

7.2 Conclusion

I was also told that special supplements—up to and including LSD—could “expand the mind” to
perceive truths beyond reality. After so many failed experiments, I wondered: how would this one
be different?

If the brain is an informational processor, then drugs do not “open a door” to a hidden dimension;
they simply disrupt the local hardware. Think of the brain as a high-resolution camera lens meant to
capture a clear image of reality. If you crack the lens or smear it with oil, the resulting image might
look “otherworldly” or “trippy,” but you aren’t seeing a hidden world—you are seeing the failure of
the equipment. A malfunctioning camera doesn’t reveal ghosts; it just produces artifacts, noise, and
chromatic aberration. In the same way, a chemically scrambled brain produces “information noise”
that we mistake for “spiritual insight.” It is a failure of the processing logic, not a breakthrough
into new data.

And then there is James Randi’s famous One Million Dollar Paranormal Challenge. Surely a
million dollars is motivation enough to demonstrate real magic. But no one has ever collected the
prize.

In the end, the only mysterious phenomenon I still cannot explain is that strange 50 Hz buzzing.
According to my parents, I was born with bluish skin, likely due to a lack of oxygen during labor.
Perhaps the other lady with the tunnel-and-light story was also born blue. That seems more likely
than a paranormal visitor buzzing in my bedroom at midnight.

Perhaps there is no such thing as magic—just a temporary lack of oxygen.
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7.3 Definition of Magic

Without taking this too seriously, how, then, should we define “magic”?

By categorizing the natural and the supernatural, one notices that all magical creatures share a
defining trait: non-physicality. They cannot be observationally verified, or their observations lead
to logical contradictions with other established phenomena. Magic appears to defy the laws of
physics—laws fundamentally rooted in observation and logical reasoning. Thus, in the spirit of
rigorous definition:

Magic # Physics

By definition, magic must contradict physics; otherwise, it would simply be physics. Because physics
relies on the scientific method—resting on a dual pillar of empirical observation and mathematical
models (axiomatic systems)—magic must conversely exist entirely outside this framework.

It requires a total departure from both empirical reality and formal logic. Therefore:

Magic = Non-logical reasoning A  Non-observationally verifiable

By requiring a breakdown of both observation and logic, we find that the best synonym for a system
built on non-logical reasoning is perhaps nonsense.

7.4 Definition of Physics

How would we then define physics on this ground?

What is rather obvious is that there exists plenty of mathematics that does not describe anything
we can actually observe. Physics, therefore, is where the abstract meets the empirical. Physics
could be defined as the subset of mathematics that is observationally accessible.

7.5 Conclusions

These conclusions are, of course, derived from logical reasoning.
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Chapter 8

Science as a Belief System

It is not difficult to find people who do not believe in science. Physics would then be nothing more
than another belief system—a kind of religion. Instead of sacred texts, people would place their
faith in scientific papers.

8.1 Practicing Physics

Physics is a field of science that is fundamentally concerned with the study of observable phenomena.
Science relies fundamentally on logical reasoning. Mathematics provides the framework for this
reasoning, allowing precise formulation of hypotheses and rigorous derivation of predictions. In
essence, science is the systematic study of reality using the rules of rational thought—a discipline
built on mathematics, the science of reasoning itself.

All fields of science, including physics, follow the so-called scientific method. The method defines
how science is practiced.

First, one makes observations about the phenomenon to be studied. Then one develops hypotheses
to explain the phenomenon. In the case of physics, these are typically described in the language of
mathematics. The new theory is then tested against available data. Each new observation that is
consistent with the predictions of the theory increases the credibility of the theory.

However, no amount of experimentation can ever prove a theory to be correct. Regardless of how
many experiments have confirmed it so far, nothing guarantees that the next experiment will do the
same. A physical theory is always subject to falsification: even a single contradictory observation
can prove it wrong. For this reason, extraordinary claims in physics require extraordinary statistical
evidence. In fields such as particle physics, discoveries are typically not accepted until they reach a
significance of five standard deviations corresponding to a probability of only about one in several
million that the result is a statistical fluctuation.

A physical theory is always subject to falsification.

And indeed, the list of falsified theories is breathtaking. No matter how elegant or compelling a
theory appears, nature may simply refuse to comply with its predictions. In many cases, a the-
ory works extremely well within a limited domain—for example, Newtonian mechanics accurately
describes everyday motion, even though it ultimately fails at very high speeds or in strong gravita-
tional fields. This is why such theories remain highly usable: they provide excellent approximations
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within well-defined regimes.

Physical theories are therefore often accompanied by precision boundaries—ranges of conditions
over which the theory has been experimentally verified. For instance, the energies, temperatures,
or distances over which a law has been tested may be reported with uncertainties as small as several
standard deviations (e.g., five sigma) to quantify the confidence in the predictions. Beyond these
boundaries, the theory may no longer hold, and new physics could emerge.

8.2 Practicing Religion

While different religions have different practices, there are some key elements that many of them
share. These include prophecy, prayer, rituals and ceremonies, and moral and ethical guidelines.

At the heart of all religions, however, are sacred texts and faith. People read these texts, memorize
them, and believe them.

Mathematics plays no essential role in religions. Sacred texts are not compared with observations
and experiments are not carried out to validate them. This is because applying rational reasoning to
religious texts can lead to logical contradictions, and hence to doubt. Doubt is something between
believing and not believing. Such doubts are often associated with Satan and his attempts to lead
people away from the truth.

For example, according to some interpretations of holy texts, the Earth is only a few thousand years
old. However, we can observe dinosaur fossils. According to science, and based on overwhelming
observational evidence, even common sense, they must be much older. What one observes therefore
seems to be in direct contradiction with what one believes.

These apparent contradictions can be resolved by assuming that God is so great and so far beyond
human understanding that no human being will ever come close to comprehending His actions.
With our pitifully thin layer of grey brain matter, it may seem foolish even to question the holy
texts. God might simply have placed those dinosaur fossils there to test one’s faith.

One can also explain many apparent contradictions in sacred texts by assuming that they are not
meant to be taken literally. Instead, one allows a certain degree of flexibility in their interpretation.

8.3 Conclusions

By comparing the attributes of the two systems-science and religion-the only conclusion one can
draw is that they are fundamentally incompatible. Religious texts are not taken literally, whereas
scientific papers are interpreted in the strictest sense. Religions demand total, unconditional belief,
and any doubt is often discouraged. In science, the situation is the exact opposite: a theory is
accepted as scientific only when it is supported by a substantial body of experimental evidence.

In fact, the most central concept in physics - consistency with observations - would be lethal to
religions. If the claims of religions could be experimentally verified, then there would be no room
for believing anymore.

If we saw God, we would start studying His properties and develop mathematical laws to model
them. Observations would turn religion into science.



Chapter 9

Why Do We Believe in God

Nearly all nations and societies—even those isolated from the rest of the world—have developed
their own spiritual deities that they worship. The widespread and persistent emergence of belief
systems across cultures is too significant to dismiss as mere coincidence. This naturally raises the
question: Why is belief in God so prevalent?

9.1 What is Moral

An inherent characteristic within our religious beliefs is the notion of morality. It is often rooted
in principles of empathy, compassion, fairness, and the recognition of the inherent value and dig-
nity of others. According to Christians, God is the source of morality. For example, the Ten
Commandments include the command to love God and to love one’s neighbor as oneself.

A human with high moral standards apparently possesses an understanding of what is right and
what is wrong. Certain actions may carry a sense of slight wrongdoing (such as a small white lie),
while others can be considered significantly more severe (like committing a cardinal sin). Regardless
of the degree, unless in a state of psychosis or lacking mental capacity (non compos mentis), we
possess a conscious awareness of our actions and can discern between right and wrong.

Why is it considered bad to steal food from a friend? If you are hungry, wouldn’t it be easier
to satisfy your hunger by taking food from those who cannot protect themselves? However, a
mysterious internal voice, known as conscience, immediately informs us that such an action would
be morally reprehensible. Instead, we inherently understand that the right course of action would
be to share whatever little food one has to aid the most vulnerable individuals, even if it means
risking our own well-being.

If recent advances in DNA research are to be believed, then we humans are not that different from
other animals. This raises the question of whether the concept of morality is unique to humans
only. Are we the only species that knows the difference between right and wrong?

I spent my youth on a farm, so I should have some first-hand knowledge about the subject. We
had a dog named Raju, which was quite human-like. Raju understood quite many words and was
much like any one of us children.

Every weekend we used to go hunting for hares. I know that some people disapprove of killing
animals, but I personally think that it is acceptable as long as you eat them, which justifies the
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Table 9.1: Rights and wrongs

Wrong (bad, sin) | Right (good)
Lie Tell truth
Hate Love
Steal Share
Arrogance Humble, noble
Empathy
Kill a friend Die for a friend
Love one’s neighbor as oneself
Do unto others as you would have them do unto you

killing (one more item to be added to the list of rights and wrongs). Morally speaking, it feels more
right to kill what you eat yourself rather than asking others to do it for you.

Anyway, there is a lot you can learn about a dog after fourteen years of going on hunting trips
together. Raju definitely had dreams. It chased hares whenever it was asleep. (Anyone watching a
sleeping dog and seeing it dream might wonder whether Freud’s theory of psychosexual development
is a genius theory or just complete nonsense.)

If you see a big bear eating your friend alive, you will definitely have bad dreams about it. Dreams
in which you are the one getting eaten. You try to run, but your legs just do not work. After
experiencing these terrifyingly realistic dreams night after night, you will most likely try to discover
a way to survive in case a bear ever attacks you in real life. Your chances of survival are better
with dreams than without. So we dream for the same reason that military forces train themselves
in war games and simulators. Nature invented the concept of simulation long before military forces
did. Dreaming is a built-in virtual simulation system that helps us train for worst-case scenarios
safely in our own beds.

I remember the day we brought this small, shaky puppy home for the first time. We already had
one dog, but it was getting old, and we had made the decision to give it a final act of kindness
soon to prevent it from suffering. When the old dog saw the new puppy entering the house, it went
straight to its sleeping corner and lowered its head. It did not respond to any of our calls or eat
anything we offered to cheer it up. It seemed jealous, depressed, almost as if it had lost its sense
of purpose in life.

It is of course not possible to draw solid conclusions based on just one case, but based on my
personal observations I would say that dogs have feelings too. Dogs experience dreams. Dogs seem
to feel pain. Dogs are always happy to see you when you get home. They can even exhibit jealous
and depressed behaviors. Perhaps feelings are something that evolution developed long before the
first humans came into existence.

Logical reasoning and the ability to understand complex and abstract concepts are what separate
us from the rest of the animals. So if one’s heart sometimes contradicts one’s head, perhaps it is
best to listen to the head. It is our minds that define us as humans, not just our hearts.

After this small sidesweep to dogs, let us return to the list of rights and wrongs. The things that we
call right match precisely a typical behavioral pattern of animals living in groups. Animals that like
to live in groups, such as humans. Correspondingly, what we call sin correlates to individualistic
behavior.
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Figure 9.1: Raju — a dog

The theory of morality can therefore be paraphrased as follows:

Principle 9.1.1: Theory of Moral

Moral is the native behavior of animals living in groups.

If a bear attacks you, and it might actually happen here in Finland, your dog will not run. It will
turn against the beast, fighting to the end to defend you. And what did Jesus say about love?
“There is no greater love than to give your life for your friends!” Even the concept of the greatest
possible love, as presented by Jesus, seems to perfectly align with the typical behavior of dogs.

9.2 Theory of God

If one classifies the attributes usually associated with God (at least with the one of Christianity)
the they seem to match perfectly the attributes of animals living in groups.

Obviously, humans have a tendency to gather and live in large, densely populated groups. This
social behavior has apparently provided us with improved chances of survival. Given our relatively
short teeth and twisted pair of legs, we are not well equipped to compete with many other predators.

From a survival standpoint, the importance lies in the survival of the species as a whole rather than
individual group members. Evolution has therefore shaped humans with a tendency to prioritize
the needs of the group over personal needs. After all, if we were not friendly to each other, there
would be no group. This is evident in extreme cases where individuals are willing to sacrifice their
own lives to ensure the survival of others. This attribute of human behavior has been utilized
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in many movies to create emotionally impactful narratives that resonate with audiences, and to
maximize casch flow.

Living in groups only makes sense if it contributes to our survival. Obviously not all grouping
models automatically increase the chances of survival.

It is easy to imagine a group that does not provide any advantage for survival. An example of a
poorly functioning group is one where every member acts as a leader, trying to tell others what to
do.

So groups must be well organized to be effective. One of the most evident methods of organizing a
group is through the concept of leadership. A group with a capable and influential leader guiding
others in an organized manner offers its members the best chances of survival. We have survived
only as coordinated groups.

Therefore our long-term survival in the course of evolution has relied on our capacity to identify
and follow good leaders who aid us in survival. Those who followed leaders with such qualities were
more likely to survive and reproduce. Those who did not appreciate leaders who maximized the
survival of the group were more likely to die out. Over time this led to the evolution of a species
with a hard-wired instinct to seek the best possible leaders.

Therefore, we believe in god because he is the best leader we can think of!

Principle 9.2.1: Theory of God

God is the ideal leader.

God serves as the archetypal Alpha—the ultimate manifestation of leadership traits such as justice,
protection, and foresight. He is the greatest leader imaginable, with qualities we could hope to find
in mortal leaders. God even has the power to overcome the ultimate threat we all face—death
itself.

9.3 The Adaptive Evolution of the Divine

What explains the existence of many different religions then?

While the ideal leader serves as a universal blueprint, the specific attributes of this leader are
apparently shaped by the unique environmental and social pressures a group faces.

In harsh, resource-scarce climates, one might expect gods to emerged as stern disciplinarians and
lawgivers to ensure strict cooperation. In contrast, cultures in fertile regions might emphasize a
deity’s role as a provider or nurturer.

Just as a small tribe requires a different style of leadership than a sprawling empire, different
human groups have tailored the features of their gods to reflect and counteract their most pressing
existential threats—whether those threats were famine, war, or social fragmentation.

9.4 Conclusion

We believe in God because living in organized groups governed by a leadership pattern is the
primary reason for our species’ survival.
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God is the best leader that we can imagine.

We desire to believe in such a magnificent leader, even if spiritual in nature and somwhat challenging

to observe.
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Chapter 10

Reality

10.1 The Question of Reality

In the book The Nature of Space and Time, Roger Penrose and Stephen Hawking present two
contrasting views on the nature of reality.

Penrose argues that there exists an objective reality independent of observation. In this view, the
task of physics is to uncover what is truly there, whether or not we happen to be looking.

Hawking, by contrast, takes a more pragmatic positivist stance. Hawking doesn’t require theory to
correspond to reality because he doesn’t know what reality is. Instead, he argues the best one can
do is to construct mathematical models and judge them by how well they predict observations.

What is it that we sense as reality?

10.2 Designing Reality

Point is an object with one attribute: position. Circle is an object with two attributes: center and
radius. Point and Circle are classes. What would be the classes of Reality? What would be the
attributes of those “classes”?

First, there are directly observable quantities: detector clicks, positions on a screen, numbers printed
by measuring devices.

Second, there are derived quantities, such as energy. These are not directly observed, but inferred
through consistent relationships like conservation laws.

Third, there are purely abstract constructs: mathematical objects that exist only within the for-
malism of the theory.

At first glance, this seems like a reasonable hierarchy. What we can touch and measure feels real.
What we calculate feels slightly less so. What exists only in equations feels, perhaps, suspiciously
abstract.
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10.3 A Rock, Some Energy, and an Unfortunate Toe

Consider a one-kilogram rock. It feels undeniably real. If you drop it on your foot, the experience
will strongly reinforce this belief.

Now lift that rock by one meter. In Earth’s gravitational field, you have increased its potential
energy by approximately 9.81 joules.

This energy cannot be seen, touched, or directly measured. There is no “energy particle” hiding
inside the rock waiting to be inspected. And yet, when the rock falls back down and lands on your
toe, the result is both measurable and memorable.

One might say that 9.81 joules is an abstract bookkeeping device.
One’s toe, however, may disagree.

Let us apply this to the most well known equation in physics:

EF=mc
Energy feels abstract, because we do not observe it directly. We infer and measure it through its
effects only. Matter feels very real, because of the toe.

Therefore:

Abstract = Real x speed of light?

which is nonsense.

The point is not that energy is unreal. On the contrary, it is one of the most precisely defined
and reliably conserved quantities in physics. The point is that even very “real” phenomena rely on
quantities that are not themselves directly observable.

The boundary between the real and the abstract is blurred.

10.4 Relativity and What Is “Really” There

Relativity deepens this ambiguity.

The search for the ”luminiferous ether” was one of the biggest scientific quests of the 19th century.
Physicists back then couldn’t imagine how light waves could travel through a total vacuum. Just
as sound needs air and ocean waves need water, they assumed light needed an invisible, weightless
substance filling all of space: the ether. In 1905 Einstein published his paper on Special Relativity.
He realized that if one just assumed the speed of light is constant for everyone, one didn’t need the
ether at all. He essentially ”deleted” it from the map of the universe.

In special relativity, mass and energy are related by the (??) equation. What we once thought of
as distinct concepts turn out to be interchangeable.

In general relativity, the situation becomes even more unusual. Gravity is no longer a force acting
at a distance, but a manifestation of the curvature of spacetime itself. Massive objects distort
geometry, and objects move along paths determined by that geometry.
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Full GR simulation is computationally heavy, but this minimal simulation Gravity as spacetime
curvature visualizes the idea; mass bending spacetime, and spacetime in turn guiding the mass.

General Relativity is all about geometry. Solutions to Einstein equations are geometries. So what
is that geometry?

Even if we side with Penrose and grant mathematics a form of true, objective existence, we haven’t
saved our intuitive sense of reality. We have only conceded that the foundation of the universe is
built out of abstract relationships rather than solid “real” stuff.

Spacetime curvature is not something that physically exists. It is part of the mathematical frame-
work we use to describe motion. It is abstract.

10.5 Quantum Mechanics and Abstract Machinery

Quantum mechanics pushes abstraction even further.

The theory describes physical systems using a mathematical object called the wavefunction. This
wavefunction is abstract by nature. It is not directly observable. However, its squared magnitude
determines probabilities of measurement outcomes.

In modern formulations, what is called “particles” are excitations of underlying fields. Some of
these, such as photons, can be directly detected. Others reveal themselves only indirectly through
their effects.

The central machinery of the theory operates entirely in an abstract mathematical space. Yet its
predictions match experiments with extraordinary precision. The most accurate physical theory
ever constructed relies fundamentally on entities that cannot themselves be observed.

To see the abstract wave function in action view Dual-slit simulation video. This is real quantum
mechanics simulation, Schrodinger Equation in action.

How can purely abstract entity have total control over matter and energy?

10.6 Elusive Reality

The point is not that we should take this chapter literally, or even seriously, but that all of our
intuitive categories for describing reality begin to dissolve under closer examination.

The unification of physics makes the problem even harder. Attempts to unify general relativity
and quantum mechanics have led to increasingly abstract mathematical frameworks. Far from
eliminating abstraction, progress in physics seems to require more of it.

If abstract mathematical structures were only convenient fictions, we might expect that, with
sufficient effort, they could be eliminated in favor of purely concrete descriptions. But this does not
appear to be the case. If we extrapolate the trend we end up to the conclusion that the universe is
abstract.

If even a small part of our most successful description of the universe is irreducibly abstract, then
a natural question arises, why should the rest of reality be any different?

Our intuitive categories of ‘real object’ versus its ‘abstract description’ may be fundamentally
inadequate.


https://youtu.be/J7RikCwzes4
https://youtu.be/J7RikCwzes4
https://youtube.com/shorts/QyaOh_qSqLM
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Figure 10.1: Observable result of the unobservable wavefunction
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Chapter 11

Definition of Foundational Theories

11.1 Minimal Requirements

To build a fundamental theory of physics, one obviously needs to know the minimum requirements
for a theory to qualify as a fundamental one.

Based on common sense, the theory must answer three basic questions: what exists, how likely
different possibilities are, and how complex structures arise from simple rules.

A candidate theory must therefore specify three ingredients: ontology, measure, and emergence.

1. Ontology (What exists)

First, we must define the basic building blocks of reality. This means specifying a well-defined
space of possible states of the system. In other words: what are the most elementary “things” the
theory talks about? For example, in Quantum Mechanics, the basic objects are quantum fields (or
state vectors in Hilbert space) defined over spacetime. All particles and interactions are described
as excitations of these fields.

2. Measure (What is typical or likely)

A theory must also explain what is typical among all possible states. Not all states are equally
relevant: some are more probable or more “natural” than others. This requires a rule that assigns
weights or probabilities to different states in the state space. For example, in Quantum Field
Theory, the Born rule assigns probabilities to measurement outcomes based on the quantum state.
This tells us which outcomes are likely to be observed.

3. Emergence (How structure arises)

Third, a fundamental theory must explain how complex structures arise from simple underlying
rules. This is the bridge between microscopic laws and the macroscopic hierarchical structures we
observe. For example, chemistry emerges from Quantum Field Theory. atoms form molecules, and
molecules form complex structures, even though the underlying description is entirely in terms of
quantum fields and their interactions.
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4. Name (Observer-dependent nomenclature)
Finally, a theory requires a name.

This is not a fundamental property of reality, but an emergent necessity of finite observers attempt-
ing to communicate abstract frameworks to one another.

Unfortunately, the space of concise, memorable names appears to be heavily measure-dominated
by prior usage.

Most good names are already taken.

Hierarchy

Without ontology, the theory has nothing to describe. Without a measure, the theory cannot
make predictions. Without emergence, the theory cannot connect to the macroscopic hierarchical
structures we observe.

As with any well-designed modular software, the design should also be mutually orthogonal without
cyclic dependencies. Ontology defines the domain. Measure provides weighting on that domain, so
it depends on the ontology. Emergence depends on both ontology and measure. This yields a clean
layered design free of cyclic dependencies.

The dependency stack:

[Emergence]
J Depends on both
[Measure]
J Depends on Ontology
[Ontology]|

Of the three pillars, emergence is arguably the least fundamental. Given a sufficiently rich ontology
together with a suitable measure or dynamical law, higher-level structure may arise automatically.
In that sense, emergence can often be viewed as a consequence rather than an independent primitive.

11.2 Classifying Current Theories

Many candidate theories implement the three ingredients to varying degrees of completeness.

Ontology (What Exists)
e Physical primitives: Particles, fields, spacetime (e.g., Standard Model, General Relativity)
¢ Information-theoretic: Binary distinctions, bits (e.g., Wheeler’s “It from Bit”)
e Computational: Programs, Turing machines or cellular automata

e Mathematical: Abstract mathematical structures (e.g., Tegmark’s Mathematical Universe
Hypothesis)
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Measure (Typicality)

¢ Explicit probabilistic measure: Classical statistical mechanics (e.g., Boltzmann distribu-
tions)

e Algorithmic measure: Program-weighted probability (e.g., Solomonoff prior in Algorithmic
Information Theory)

e Implicit or undefined measure: Many multiverse or mathematical universe proposals

e Emergent measure: Measure derived from structural or dynamical properties

Emergence
e Dynamical laws: Evolution governed by differential equations (e.g., GR, QFT)
e Statistical emergence: Order arising from fluctuations and typicality (e.g., Boltzmann)

e Computational emergence: Structure arising from execution of simple programs or rules
(e.g., cellular automata)

¢ Undefined or implicit emergence: Present in many abstract frameworks without explicit
mechanism

Then there is String theory / M-theory, Loop Quantum Gravity, Quantum information, and many
more somewhat blurring the line between ontology and measure.

Even with interpretations of Many-Worlds or holographic approaches the separation between ontol-
ogy and measure can become fuzzy as the measure may appear partly emergent from the dynamics
or entanglement structure.

Whoever designed the universe might have been in a hurry.

11.3 Conclusions

To map this onto our earlier dilemma about reality: ontology is our attempt to define what is
“Real”—Penrose’s fundamental Platonic reality. Conversely, measure and emergence are the “Ab-
stract” mathematical machinery used to calculate predictions—Hawking’s pragmatic toolbox.

If we accept the pragmatic path (maximized ontology), we accept a complex, highly specific
starting state of fields, strings, or dimensions without explaining why they exist. The reward
is incredibly precise predictions. The cost, is that this path can not lead to a true Theory of
Everything, because it relies on a mountain of unexplained “magic” baseline assumptions.

If we choose the ultimate path (minimized ontology), we gain the potential to explain absolutely
everything without arbitrary starting conditions. But the price to pay is maximized abstractness
and a completely dissolved sense of physical reality.

By minimizing ontology we maximize abstractness, which points toward a unified, complete theory.
By maximizing ontology, we imply there is no ultimate Theory of Everything—only a list of highly
successful, unexplained assumptions.

Does the universe have a solid foundation, or is it abstract all the way down?
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Chapter 12

Quantum Mechanics

12.1 Introduction

Quantum mechanics is extraordinarily successful—arguably one of the most precisely tested theories
in all of science.

Its predictions have been confirmed to astonishing accuracy across a vast range of experiments.

At its core, quantum mechanics does not fundamentally describe particles, but rather the evolution
of a mathematical object called the wavefunction. What we perceive as particles emerge as localized
outcomes of interactions and measurements.

Once we know the amplitude and phase of a particle’s wavefunction, we can predict its future
evolution with astonishing precision.

There is a fundamental duality: phenomena that appear particle-like in one context reveal wave-like
behavior in another.

12.2 Particles

In experiments, we observe discrete events—localized detections that we call particles. These come
in two broad classes:

e Fermions: the constituents of matter
e Bosons: force-carrying particles

Fermions include quarks and leptons. There are six types of quarks and six leptons (electron, muon,
tau, and their corresponding neutrinos). These form the building blocks of matter.

Bosons include the photon, gluons, and the W and Z bosons, which mediate the fundamental
interactions, as well as the Higgs boson, which plays a role in mass generation.

Despite their diversity, elementary particles are characterized by only a few properties: mass,
charge, and spin.

Interestingly, not all of these properties are “quantized” in the same sense.
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Spin and electric charge take on discrete values. For example, all observed charges are integer
multiples of a basic unit, and spin appears only in integer or half-integer multiples of A. This dis-
creteness is deeply tied to symmetry principles. Mass, however, is different. While each elementary
particle has a well-defined mass, there is no known fundamental unit from which all masses are
built. The values of particle masses arise from their interaction with the Higgs field, and their
origin remains one of the open questions in fundamental physics. So quantization is not a single
universal mechanism, but can arise in different ways from the underlying structure of the theory.

The spin of Fermions have an interesting property. It describes how a particle’s state transforms
under rotations. A striking consequence is that fermions (spin 1/2) require a full 720° rotation to
return to their original quantum state, while bosons (integer spin) return after 360°.

From this small set of elementary particles, the entire visible universe is constructed. The richness
of physical reality emerges from surprisingly minimal ingredients.

Emergence of Matter

Atoms, molecules, and macroscopic objects are all composite systems built from fermions and
bosons. Remarkably, new behavior emerges at higher levels of organization.

For example, although atoms are composed of fermions, an atom as a whole can behave either
as a fermion or a boson depending on the total number of constituent fermions. This determines
whether collections of such atoms obey exclusion principles or can occupy the same quantum state.

The Wavefunction

The wavefunction is the central object of quantum mechanics. It encodes all physically accessible
information about a system.

Mathematically, the state of a system is represented by a vector
) €H,

where H is a Hilbert space.

Its time evolution is governed by the Schrodinger equation:
L0 -
i () = B (1),

This evolution is linear and unitary. At this level, the theory is fully deterministic.

Physical quantities are represented by operators acting on the state, and measurement outcomes
correspond to their eigenvalues.

Measurement

We do not observe the wavefunction directly. Instead, we observe specific results—localized events
in spacetime. The probabilities of these outcomes are given by the Born rule:

P(:th) = |¢(l‘at)|2'
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The terms in the wavefunction are complex-valued, and complex numbers cannot be interpreted
as probabilities in any meaningful way. The Born Rule acts as a translator that turns them into
probabilities by taking the absolute square |1|2. The result is a positive, real number that specifies
the probability of finding the particle at a specific point in space and time.

The double-slit experiment illustrates this. Even when particles are sent one at a time, an interfer-
ence pattern emerges. The wavefunction propagates through both slits, while detection produces
localized impacts.

This leads to a dual structure:
e Continuous, linear, unitary evolution of the wavefunction

e Discrete, localized outcomes upon measurement

Superposition as Informational Encoding

A quantum system can exist in a superposition of states:

) = aH) + 8|T), |af* + 8> = 1.
This does not mean the system is partly in each state in a classical sense. Rather, the wavefunction

encodes multiple possibilities simultaneously in a single mathematical object.

Crucially, amplitudes combine before probabilities are extracted:

P =la+ B

This phase-sensitive structure enables interference.

To make this intuitive, consider a quantum coin. Unlike a real coin in our geometric space, a
quantum coin exists as a superposition of states within a two-dimensional Hilbert space. It is
described by a state vector:

Y = alH) + p|T)

The coefficients o and 8 are probability amplitudes represented by complex numbers. These
values are not probabilities themselves; rather, the probability of an outcome is determined by the
absolute square (the Born Rule), requiring the state to be normalized:

o + 187 =1

For a fair coin where the outcomes are equiprobable, the amplitudes are defined as 1/ V2 (ignoring
the complex phase), since:
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Pauli Exclusion Principle
In Hilbert space, exchanging two identical particles corresponds to a transformation of the state:
For fermions:

Y(w1,22) = —P(22,71)

For bosons:
Y(xy, 22) = +Y (22, 21)

For fermions, this antisymmetry implies:

Y(x,z) =0

This is the Pauli exclusion principle: no two identical fermions can occupy the same quantum state.

For bosons, symmetric states allow multiple occupation. Any number of photons, for example, can
occupy the same state. This enables phenomena such as Bose-Einstein condensation.

Missing Identity
Particles do not possess classical individuality.

Consider a parabolic mirror. A photon emitted from the focal point is later detected on a screen
after reflecting from the mirror. Classically, one would imagine the photon taking a specific path:
leaving the source, reflecting at a definite point, and arriving at the detector.

However, the photon is not assigned a single trajectory. Instead, it can be shown that it takes all
the possible paths. Contributions from the entire surface of the mirror determine where the particle
most likely hits the screen.

Quantum Tunneling

Quantum systems can exhibit behavior that has no classical analogue. A particle encountering a
potential barrier higher than its energy can still be detected on the other side.

This phenomenon, known as tunneling, does not imply that the particle travels through the barrier
in the classical sense. The wavefunction simply has nonzero amplitude across the barrier, and
measurement may yield a detection beyond it.

In this sense, it is not meaningful to ask how the particle “passed through” the barrier, or how long
it spent inside it. The formalism provides probabilities of outcomes, not trajectories of individual
objects.

This reinforces the idea that quantum particles are not persistent entities following well-defined
paths, but manifestations of an underlying informational structure.
Heisenberg Uncertainty

A plane wave: 4
1/J($) _ ezkx

has a well-defined momentum but is completely delocalized.
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To localize a particle, one must superpose many momenta:
Y(x) = /a(k)e““ dk

The more localized the position, the broader the momentum distribution. This is expressed by the
uncertainty principle:

AxAp >

Do | St

Heisenberg imagined trying to pinpoint the exact location of an electron by illuminating it with a
photon. To see the electron more clearly, one needs a photon with a very short wavelength (high
energy), like a gamma ray. However, a high-energy photon acts like a billiard ball; the moment it
hits the electron to reveal its position, it delivers a massive kick of momentum, sending the electron
flying off in an unpredictable direction. If one uses a lower-energy photon to avoid disturbing the
electron, the long wavelength becomes too blurry to resolve the position. Heisenberg realized that
the act of measurement itself imposes a fundamental limit: the more you sharpen your vision of
where a particle is, the more you blur its path.

It would be easy to think that the uncertainty is just the problem of observation and that particles
would actually have both well defined position and momentum, simultaneously. However, this is
not the case.

Consider a single particle in a vast space. Its wavefunction is a pure sine wave. Its energy is
E = hf where f is frequency. Its probability is perfectly flat. Because space is so huge, the chance
of finding the particle at any one specific point is practically zero. In this state, the particle’s
position is totally smeared out—it simply doesn’t have a specific ’here’ or 'there’. The only way to
localize the particle is to stack additional waves into the wavefunction. These waves interfere with
each other, canceling out in most places and peaking in one small spot. But then you are mixing
multiple energies together. The more you pin down the position, the more the energy ’smears.’
The fuzziness isn’t a measurement error; it’s just how waves work.

It’s like a musical note: you can have a pure, steady pitch that lasts forever (perfect energy, no
timing), or you can have a short, sharp ’staccato’ pop (perfect timing, no pitch). You physically
cannot have both at once.

Entanglement

Composite systems can exhibit correlations that cannot be reduced to their parts. These correla-
tions violate classical locality constraints, as demonstrated by Bell-type inequalities.

For example:
1

v) 7

(1) = [41)

This state cannot be written as a product of individual states. The system must be described as a
whole.

Entanglement is a defining feature of quantum mechanics, linking subsystems into a single, insep-
arable structure.
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12.3 Collective Behavior

Composite systems can exhibit properties not present in their constituents.

An atom composed of an even number of fermions behaves as a boson, while one with an odd
number behaves as a fermion. This affects how collections of such atoms behave statistically.

Bosonic atoms can occupy the same quantum state, leading to macroscopic quantum phenomena
such as Bose—Einstein condensation.

This is a clear example of emergence: collective behavior obeys new rules not evident at the
microscopic level.

12.4 Quantum Field Theory (QFT)

When quantum mechanics is combined with special relativity, the natural framework becomes
quantum field theory.

In QFT, fields—not particles—are fundamental. Every point in space is associated with field values.
Particles appear as excitations of these fields.

A useful analogy is a continuous medium composed of coupled oscillators. Disturbances propagate
as waves, and quantized excitations are observed as particles.

For a scalar field ¢(z), the energy density may take the form:

_12 1 2 122
H_QH +2(V¢) +2m¢>

Different fields correspond to different particles. Interactions arise from couplings between fields.

This framework is extraordinarily successful—provided spacetime itself remains fixed.

12.5 The Measurement Problem

Quantum mechanics suffers the so-called measurement problem. QM describes a superposition of
possibilities, yet observations yield definite outcomes. Particles are in all possible states, such as
here and there - simulatenously, until observed.

What constitutes an “observer”?
Different interpretations offer different answers:

e Copenhagen: measurement introduces classical outcomes via so-called “collapse of the wave-
function”

e Many-Worlds: all outcomes occur in branching states
e Objective collapse: wavefunction collapse is physical
e Relational / information-based: states are observer-dependent

The formalism itself does not uniquely define what an observer is.
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A modern operational view is that an observer is any system that produces a stable record of
information through interaction.

(TODO: Need to hypothetize whether my wife meets the criteria of being a stable records of
information. That is a brave hypothesis to test! Proceed with extreme caution—that particular
variable has a reputation for being highly volatile, regardless of what the laws of physics might
suggest!)

12.6 Irreversible Recording

When a system interacts with an environment, entanglement spreads information across many
degrees of freedom.

At the level of the full system, evolution remains unitary. However, when one considers only a
subsystem, information appears to be lost.

This is captured by the reduced density matrix:

ps = Tre(pske)

Interactions with the environment suppress interference terms—a process known as decoherence.

Entropy of the subsystem increases:

S(p) = —Tr(plogp)

Information becomes distributed into many inaccessible degrees of freedom. Reversing this process
would require control over an enormous number of variables.

Thus, irreversibility emerges not as a fundamental law, but as a practical consequence of complexity.

An “observer,” in this sense, is a system that participates in such irreversible encoding of informa-
tion.

What is the System We Described?

The immediate temptation is to conclude that we are simply dealing with a variant of classical con-
tinuum mechanics—something akin to acoustic waves, a vibrating string, or classic fluid dynamics.

But why, then, is it quantum? What explicitly separates this system from a classical wavy fluid?

1. The Paradox of the Scooped Fluid

In a classical continuum, a wave is an objective, physically distributed substance. You can measure
a wave’s amplitude at any given coordinate without erasing its existence elsewhere; a water wave
can be partially sampled, split, or subtly altered while carrying on rolling.

In the quantum framework, however, the continuous wave function ¥ (x,t) does not represent a
distributed physical fluid, but a continuous probability amplitude for a singular entity. This creates
two striking operational departures:
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e Boundary Confinement and Digital Reality: When a classical fluid or string is con-
fined, it exhibits discrete harmonic frequencies, yet its energy options remain completely
continuous—you can always shake it a fraction harder to inject a tiny bit more energy. In
the quantum system, boundary conditions force the wave equation to only accept discrete
solutions (eigenstates) where energy is bound directly to frequency (F = hv). A continuous
wave equation is forced by its boundaries to yield a fragmented, digital reality.

e The Act of Measurement: Imagine a smooth, wavy fluid rolling across space. If this
were a classical fluid, you could scoop up a small cup of it, leaving the rest of the wave to
ripple onward. In the quantum system, the moment you attempt to “scoop up” or observe
the particle, the entire spread-out wave function instantaneously collapses into a single, sharp
point. You find a single, solid marble at one specific coordinate, and the rest of the fluid
instantly vanishes.

Feature Classical Continuum Quantum Mechanics

Wayves Continuous energy choices Discrete, quantized energy levels

Measurement Passive sampling of a field Wave function collapse / Intrinsic randomness

Reality The wave is the physical substance The wave is an abstract probability map for a particle

2. The Subterranean Classical DNA: F = %va

The foundational relation of classical kinetic energy, Fiinetic = %mzﬂ, is deeply baked into the wave
equation.

To see this connection, we can translate velocity (v) into momentum (p = mv). Substituting this
into the classical kinetic energy equation yields:

1 1 P2 P
Ekinetic = §m’U2 = im (E) = (121)

In the quantum domain, a particle lacks a single, definite momentum trajectory. Instead, momen-
tum is extracted from the continuous wave function via a differential operator proportional to the
spatial rate of change:

d
p— —ih (12.2)

To find the quantum equivalent of kinetic energy, we square this momentum operator and divide
by 2m, precisely mimicking the algebraic setup of the classical formula:

2 (—ihd)? 2

Kinetic Energy Operator = QZJ—m S e e e ) (12.3)
This resulting term, —%%, is the exact mathematical engine driving the left-hand side of the
time-independent Schrodinger equation:
h? d*
——+V =F 124
V(@) =By (129
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The Physical Synthesis

The second derivative d—ZQ mathematically represents the geometric curvature of the wave function.

dx
A wave that wiggles rapidly in space possesses high curvature, which translates directly to high
2
momentum, and consequently, high classical kinetic energy via 2an'

Through Ehrenfest’s Theorem, we find that if we track the macroscopic averages (expectation
values) of these quantum wave packets over time, they accelerate through fields following F' = ma
and carry macroscopic energy perfectly matching £ = %va. The quantum system is not a rejection
of the classical continuum; it is the profound deeper layer that generates it.

But why quantum? Why waves?
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Chapter 13

Implementing Quantum Mechanics

To make any sense out of this, let’s implement it as a software.

13.1 The Particle Class (Non-Relativistic QM Starting Point)

Since we want to begin with the material taught in a first QM course, let us start with a minimal
single-particle description. This is not QFT yet, but it is a useful stepping stone.

Particles appear quite trivial as classes with only a couple of attributes, plus the wavefunction that
contains all the information about the system.

Listing 13.1: Single-Particle Class (QM Level)

class Particle {

double mass; // Rest mass
double charge; // Coupling to electromagnetic field
double spin; // 0, 0.5, 1.0 etc.

Wavefunction wavefunction; // Superposition of modes
Vector3 getExpectedPosition (double time) {

// Compute center—of—mass from interference pattern
}

}s

The Wavefunction Class

The wavefunction is a superposition of modes. Each mode is essentially a complex exponential
(plane wave) characterized by wavenumber and phase.

The first approach (momentum primary) aligns well with physics textbooks:

Listing 13.2: Mode with Momentum (Recommended for QM)
class Mode {

Vector3 k; // Wavenumber, p = \hbar k
complex<double> amplitude; // Complex magnitude & phase
double phase; // Initial phase offset

double frequency () {
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// Natural units: h = ¢ = 1
return k.squaredNorm () / (2.0 x m); // $\omega = \ frac{k "2}{2m}$

}
}s

The wavefunction is then W(x,t) = >, ¢; exp(i(k; - x — w;t)), or in the continuum limit an integral.
A single mode is completely delocalized. As we so intuitively explained it in the previous chapter,
localization arises from interference of many modes forming a wave packet.

Listing 13.3: Wave Packet Construction

Wavefunction createWavePacket(Vector3 center, Vector3 width) {
// Sum many k—modes with Gaussian envelope in momentum space
¥

Position is not a fundamental attribute of the Particle. It emerges as the expectation value:
(x) = /\I/*(X)X\I/(X) 3z

So we have a pretty intuitive design here: a base Particle class with just a couple of attributes,
which different kinds of particles inherit from. And as we know from particle physics, some particles
are actually made of others. To handle this, we can implement a Group class with a list attribute,
letting us group elementary particles together to form composite ones like protons and neutrons.

Standard Model - Particle Ontology (particles first)

o] [Gomee =
7 N /// i \K\
%@W////—///’ @owrt © {‘ ©pesn] (@ G o) [@vrie]  [@rind @i I

Sl B e NN Tj}g 777777
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Figure 13.1: Particle UML Diagram

Unfortunately, this intuitive single-particle description already fails for high energies (pair produc-
tion, variable particle number) and does not incorporate special relativity properly. But we insisted
to design the particle class to serve as a pedagogical starting point only.

13.2 From Particles to Fields (Entering QFT)

In order to switch to QFT we must abandon the single-particle picture. According to quantum field
theory, the fundamental entities are fields that exist everywhere. Particles are quanta of the fields;
localized particles arise as wave packets of those excitations. Unlike a classical field, a quantum
field is operator-valued and capable of creating or annihilating particle excitations. To simulate
the Standard Model we need multiple fields, one for each fundamental degree of freedom (with
appropriate spin and gauge representation).
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Second Quantization: Allowing Particle Number to Change

The true conceptual jump from ordinary quantum mechanics to quantum field theory is not rela-
tivity alone. It is the abandonment of fixed particle number.

In introductory QM, one typically studies a wavefunction describing exactly one particle:
U(x,t)
or perhaps a fixed number of particles:
U(x1,X2,...,XN,1)

The number of particles is assumed from the beginning and never changes. This works remarkably
well for low-energy systems such as atoms, molecules, and condensed matter systems.

However, at sufficiently high energies, nature does not respect this restriction. Particles can be
created, annihilated, or transformed into entirely different particles:

y—e +et
e +et =4y

A fixed-particle Hilbert space is therefore no longer sufficient. We need a framework capable of
describing states with arbitrary particle number.

This leads to the idea of second quantization.

From Wavefunctions to Occupation Numbers
Instead of tracking individual particles directly, QFT tracks the occupation of field modes.

For each momentum mode k, we associate an occupation number:

ne=0,1,2,...

A quantum state is then described by listing how many quanta occupy each mode:
[Ty My s Mgy - - - )
This is called a Fock state.

The vacuum state contains no particles at all:

0)

A single-particle excitation with momentum k is created by applying a creation operator:

a'(k)[0)

Two identical bosons in the same mode:

(af (k)2

NG 10)



60 CHAPTER 13. IMPLEMENTING QUANTUM MECHANICS

The operators satisfy algebraic rules encoding quantum statistics.
For bosons:

[a(k), al ()] = 6@ (k — K

For fermions:

{a(k),a'(K)} = 6 (k - K
The fermionic anticommutation relation automatically produces the Pauli exclusion principle:

(ah)* =0
Meaning that two identical fermions cannot occupy the same quantum state.

The Field Operator

The quantum field itself is no longer an ordinary function. It becomes an operator-valued object:
¢(x)
Roughly speaking, the field operator is built from all creation and annihilation modes:

qg(x) = /(;lj_‘_k):s (a(k)e*ilm + aT(k)ez’kx>

This expression is enormously important conceptually.

The annihilation operator removes a particle from a momentum mode. The creation operator adds
one. The field therefore becomes a machine capable of changing particle number dynamically.

In this sense, particles are no longer fundamental objects. They are excitations generated by the
field operators acting on the vacuum.

A Programmer’s Interpretation
In ordinary QM, one could imagine the wavefunction as a single object being updated over time.
In QFT, the architecture changes completely.
The system now resembles:
e a potentially infinite collection of oscillatory modes,
e a shared vacuum state,
e and operators that modify the occupation of those modes.

Conceptually, the theory behaves less like a simulation of individual particles and more like a
distributed state machine operating on an infinite-dimensional Hilbert space.

The familiar “particle” picture survives only as an approximation valid when localized excitations
behave independently.
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The Field as a Collection of Oscillators

In the free theory, a quantum field in momentum space is equivalent to a set of harmonic oscillators,
one per momentum mode.

Listing 13.4: Free Quantum Field (Momentum Space)

class QuantumField {
const double m; // Mass of quanta of this field
// In practice: continuous or discretized over a box
std ::map<Vector3, QuantumOscillator> modes; // or FFT-based grid

void createParticle (Vector3 k, double amplitude = 1.0) {
modes [k |.n++; // Apply creation operator
// In full QFT this acts on the Fock state

}s

In QM the Position is an output (an eigenvalue/observable). In QFT, fields are defined over
spacetime coordinates, so spacetime labels become part of the field definition itself. A Field is
essentially a std::vector or grid where the index is the position x, and the value at that index is the
field strength ¢(x).

The Standard Model uses Minkowski Space. Technically, this is a vacuum solution to the Einstein
field equations of General Relativity where the energy-momentum tensor is zero. It describes a
flat, four-dimensional manifold where time and space are woven into a single fabric with Lorentzian
metric signature of (— + ++) rather than the Euclidean (+ + ++) metric. It is a trivial, hardly
worth mentioning, really. We’ll get back to the actual curvature and gravity mess once we get the
basic physics engine running without crashing. For now, just assume the “position” is a point on
this manifold described by a Four-Vector:

ot = (ct,x,y, 2)

When a new particle is created, we just increment the field counter. However, this is not quite
right. A realistic implementation needs creation and annihilation operators af(k), a(k) satisfying
the appropriate commutation (bosons) or anticommutation (fermions) relations, acting on the Fock
vacuum |0). No big deal either.

The Full Standard Model

Now that we have Field class, one might expect that the universe could be composed as an array
of fields. However, the fields are not all alike, several different field classes are needed (with the
correct Lorentz transformation properties).

Listing 13.5: Fundamental Fields (Highly Simplified)

class Universe {

// Middleware for mass generation
HiggsField backgroundField;

// Fermion sectors (The ’Legacy’ code that was copy—pasted 3 times)
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Generation firstGen {Electron, UpQuark, DownQuark, ElectronNeutrino };
Generation secondGen {Muon, CharmQuark, StrangeQuark, MuonNeutrino };
Generation thirdGen {Tau, TopQuark, BottomQuark, TauNeutrino };

// Gauge Bosons (The ’'Communication Protocol’ handlers)
GluonField strongForce; // SU(3)
W_Z _Fields weakForce; // SU(2)
PhotonField emForce; // U(l)

Figure 13.2: Field UML Diagram

Each field carries its own quantum numbers (representations under the gauge group U(1l)y X
SU(2)r, x SU(3).). Interactions arise from coupling terms in the Lagrangian (Yukawa, gauge
covariant derivatives, etc.), not from manually checking wave overlap.

13.3 Measurement and Decoherence

When a field excitation interacts with a macroscopic detector, the delocalized state becomes en-
tangled with the environment. From the observer’s perspective this appears as a “collapse” to a
definite outcome, with probability given by |¥(x)|? (Born rule).

In a full relativistic QFT treatment one must be careful with causality and avoid instantaneous
collapse. One can’t have information traveling faster than the speed of light.

13.4 Gauge Symmetries

The local phase of a field’s wavefunction can change at any point. To maintain physical consistency,
one must then introduce a new field to compensate for these local shifts.

e The Logic: If we want the freedom to rotate the Electron phase locally (U(1) symmetry),
we are forced to include a Photon field to handle the differences.

e The Result: Interaction isn’t a feature we manually add; it is a constraint required by the
symimetry.

13.5 Practising QFT

Starting from the familiar single-particle QM class, we have gradually refactored our worldview
toward fields and created an illusion of understanding.
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Symmetry Group | Gauge Fields | Physical Bosons
U(l)y B, mixes into Photon and Z
SU(2)p, Wli, Wg, W[j’ W= and part of Z
SU(3). Gy, Gluons

Table 13.1: Gauge Structure of the Standard Model

While the free-field oscillator picture is surprisingly clean—a coupled oscillator degree of freedom
across space—the transition to a professional-grade understanding of the Standard Model involves
surmounting quite massive hurdles.

When an electron moves, it is constantly emitting and reabsorbing virtual photons, which in turn
split into virtual electron-positron pairs. If one tries to calculate the mass or charge of an electron
by summing up all these possible sub-processes, the math returns infinity. This is because the
”bare” parameters in the Lagrangian don’t account for the fact that the particle is constantly
”clothed” by its own interaction field. Mastering these requires learning Renormalization Group
(RG) Flow, where one must understand how coupling constants change depending on the energy
scale, to cancel them out.

Then there is Non-Abelian Overhead. While U(1) (electromagnetism) is relatively straightforward,
the SU(3) of the Strong Force introduces self-interactions. The gluons (the message brokers) carry
charge themselves, leading to a non-linear, recursive mess that is extremely difficult to solve. One
also must move between the operator formalism (the ”Imperative” approach) and the Feynman
Path Integral (the ”Functional” approach, essentially a Monte Carlo simulation over every possible
history). Calculating a single interaction often requires summing over an infinite number of possible
execution paths for the particles involved.

13.6 Conclusions

A famous remark often attributed to Stephen Hawking: “The Standard Model is a set of equations
that we can write on a T-shirt, but it is not very beautiful.” Is this really the best the universe has
to offer?

The quote fits so well. It highlights the ”Spaghetti Code” nature of the Standard Model. It works
perfectly, but it feels like it was written by a developer who was in a hurry and kept adding global
variables (weakIsospin, hypercharge, colorCharge) to fix bugs. Maybe the original architect left
without writing any documentation, and now the junior developers are just patching things as they

go.
Boss, the particles aren’t staying together.
Add color charge.

Still exploding?

Fine—give them a Higgs background too.

Anyway, after 13.7 billion years of hard testing, the Standard Model finally works—provided space-
time stays flat, which it stubbornly refuses to do.
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Chapter 14

General Relativity

14.1 The Role of the Observer

General relativity does not concern itself with observations. The universe exists with or with-
out intelligent, conscious observers or their interpretations of collapsing wavefunctions. As far as
general relativity is concerned, observers are no different from rocks. A psychosocially complex,
traumatized, and poorly maintained human falling into a black hole is treated no differently from
a rock of the exact same mass.

The Einstein Field Equations
The universe is geometric by nature.

The dynamics of the geometry are governed by the famous Einstein field equations:

G =81G T, (14.1)
where G, is the Einstein tensor:
1
G,uu = R,ul/ - iguyR7 (142)

and T}, is the stress—energy tensor, which encodes energy density, momentum density, pressure,
and shear stress.

These equations equate geometry with matter. As the physicist John Wheeler famously summa-
rized: Spacetime tells matter how to move. Matter tells spacetime how to curve.

A profound mathematical feature of these equations is the contracted Bianchi identity. It states
that the covariant divergence of the Einstein tensor vanishes identically:

VHG,, = 0. (14.3)

Because the field equations equate G, with the stress—energy tensor 7},,, this identity mathemat-
ically forces the local conservation of energy and momentum:

VAT, = 0. (14.4)

Conservation of energy isn’t an extra rule programmed into the universe; it is a logical consequence
of the geometry itself.
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14.2 The Geometric Nature of Gravity

While Quantum Field Theory (QFT) deals with the “values” inside the cells of the universe,
General Relativity (GR) defines the “distance” between those cells and the rules for traversing
them. Mathematically, we model this universe as a four-dimensional differentiable manifold M
equipped with a metric tensor g, .

The metric determines distances, time intervals, angles, and the causal structure of reality. The
infinitesimal spacetime interval is given by:

ds? = g, datdz” . (14.5)

This single, elegant geometric object entirely replaces the Newtonian gravitational potential, abso-
lute space, and absolute time. Crucially, the metric is not a passive background grid; it is dynamic.
Spacetime geometry actively responds to the distribution of matter and energy.

Free Fall as Geometry

The so-called Equivalence Principle states that inertial mass and gravitational mass are identical.
In Newtonian mechanics, a falling object accelerates because a physical force pulls on it. In General
Relativity, no force acts at all.

Instead, the particle is simply trying to move in a straight line, or “follow its nose” through a
curved environment. It follows a geodesic:

2P dz¥ dxP
H — =0 14.6
dr2 YPdr dr ’ ( )

where '), represents the Christoffel symbols constructed from the metric.

This equation is the ultimate lazy-evaluation algorithm: it describes pure, unforced inertial motion.
Gravity disappears locally. What we perceive as gravitational attraction is just nearby geodesics
naturally converging in curved space.

Curvature

Just like a transformation matrix can be decomposed into four basic transformations, such as
rotation and scale matrices, also Riemann curvature tensor can be decomposed to various other
tensors.

The curvature of spacetime is encoded in the Riemann curvature tensor:

RH

vpo*

(14.7)

It measures the failure of parallel transported vectors to return unchanged after transport around
infinitesimal loops. Contractions of the Riemann tensor yield the Ricci tensor R, and the Ricci
scalar R, which summarize the curvature relevant to volume distortion and geodesic convergence.

While the Ricci tensor describes how matter locally curves spacetime, it does not tell the whole
story. The Riemann tensor can be decomposed into the Ricci curvature, which vanishes in a
vacuum, and the Weyl curvature, which does not. The Weyl tensor is responsible for tidal forces
and allows gravitational influence to propagate through the vacuum of space as gravitational waves
(not again, nature waves!)
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The most intuitive way to understand the Ricci scalar (also known as the scalar curvature, denoted
as R without tensor subscripts) is to think of it as a measure how much the volume of a region in
curved space deviates from a flat, Euclidean space.

14.3 Time as a Personal Issue

Because the metric g, varies depending on where you are and how much mass is around, time
itself is geometry-dependent. For a stationary observer:

dr = vV —3900 dt. (14.8)

Clocks at different gravitational potentials tick at different rates. This means time is not a global,
absolute clock. It is, in fact, a deeply personal issue.

To demonstrate this, let us imagine an average programmer in a safe orbit around a black hole.
As a thought experiment, we will consider the scenario of the programmer pushing his wife into
the black hole. While this is undoubtedly a terrible thing to do, it serves as an excellent scientific
test—provided we keep in mind that it is purely hypothetical, and not a recommendation.

The closer the falling wife gets to the event horizon, the slower she appears to fall from her husband’s
perspective. To him, she will never actually seem to cross it. A distant husband would have to
wait an infinite amount of time to watch his wife pass the point of no return.

Things look very different from the wife’s point of view (as usual!). For her, there is no dramatic
physical boundary at the event horizon. Her watch keeps ticking normally. As she falls, she can look
back and see the light from the outside universe perfectly well. Because of gravitational blueshift
and time dilation, the outside universe appears sped up and energetic. Yet, because she is falling
so quickly, she has only a limited proper time—seconds or minutes—before hitting the singularity.
She crosses the horizon smoothly, seeing only a finite slice of the universe’s future, and meets her
doom inside.

Black holes eventually evaporate via Hawking radiation. Since the husband sees his wife take almost
“Infinite time” to cross the horizon, and the black hole will eventually evaporate in a finite (albeit
unimaginably long) time, there is a small chance that the black hole disappears just before she even
hits the singularity. The horizon can shrink faster than she can cross it, or the singularity vanishes
before her proper time can run out.

Not all information that passes through the event horizon is necessarily lost. You can’t even trust
black holes!

Of course, surviving such a trip is strictly the domain of science fiction anyway.

Fierce tidal forces would “spaghettify” and tear any observer apart. To resolve the clash of two
different perspectives, some physicists argue that the horizon isn’t a peaceful gateway at all, but a
raging “firewall” of quantum energy that would vaporize the wife the moment she touched it. So
the programmer’s wife would also get burned quite badly - receive a highly boosted cosmic sunburn
as a parting gift.

On the bright side, she would find her husband aging rapidly relative to her—if that is any conso-
lation!
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14.4 General Relativity as Constraint: The Block Universe

Unlike quantum mechanics, which is a theory of states evolving tick-by-tick in time, General Rel-
ativity is a theory of consistent four-dimensional configurations.

Given suitable boundary conditions, the Einstein equations constrain the allowed geometries of the
entire cosmos. Time evolution is not fundamental; it is simply a human slicing of a four-dimensional
structure. The equations are elliptic-hyperbolic constraints on geometry. This is why the initial
value problem is so subtle, global solutions are rare, and exact solutions are highly symmetric.
Spacetime is not computed step-by-step; it exists as a self-consistent, static whole.

This suggests that we live in a static Block Universe. The falling observer and the frozen observer
are both real; they are simply viewing the same static, 4D geometric structure from different
perspectives. The past, the present, and the future all exist simultaneously as the geometry of
four-dimensional spacetime. Change is an illusion of the observer; reality is simply the geometry
of the whole.

14.5 Unexplained Assumptions

General Relativity says that gravity isn’t a force, but the shape of the container. However, it
describes the behavior of the container without explaining the fabric of the container itself.

Then the theory predicts points of infinite density. The singularity at the center of a black hole is
not a mere coordinate glitch, but a point of ultimate physical breakdown: a place where all of the
matter from a collapsed star (say, ten times the mass of our Sun) is crushed down into a region
of literally zero radius (r = 0). This forces the density and the curvature of spacetime to become
infinite (p — oo, R — 00).

Furthermore, GR treats spacetime as a perfectly smooth manifold. It works flawlessly until one
zooms in to the so-called Planck scale—the threshold where the smooth geometry of General
Relativity collides with the discrete, pixelated fluctuations of Quantum Mechanics.

This fundamental clash is the main reason why many argue Einstein’s theory of gravity, brilliant
as it is, cannot be the final word.



Chapter 15

Implementing the Spacetime

In the QFT implementation chapter, we briefly touched on GR, since space and time are the
necessary background that QFT needs to define its fields. In truth, downplaying GR as 'no big
deal’ wasn’t entirely fair.

Anyone familiar with GR most likely laughed while reading that—or perhaps cried, or more likely
both.

To get any sense out of GR, let’s implement it.

15.1 The Spacetime Implementation

In a rigorous object-oriented implementation of General Relativity, one does not store forces or
arbitrary gravitational fields. The universe is modeled as a structural interplay between an abstract
base Tensor data container and its specialized geometric and energy variants.

Crucially, because we inhabit a static Block Universe, the components of these tensors are not
stored as static, dead scalar primitives like floating-point arrays. Instead, every component is a
continuous ScalarField—a functional object that takes an explicit four-dimensional coordinate
position (¢, z,y, z) and evaluates the local mathematical value on the fly.

Listing 15.1: The Core Tensor Architecture

#include <functional >
#include <array>
#include <cmath>

VX

* Represents a single event or point in the 4D spacetime manifold.

*/
struct Positiond {
double t, x, y, z;

b

using ScalarField = function<double(const Position4& pos)>;
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VAT
* Abstract base class representing a Rank—2 Spacetime Tensor.
*/
class Tensor {
array<array<ScalarField , 4>, 4> components;
virtual "Tensor() = default;

ScalarField getComponent(int mu, int nu) const {
return components|[mu]|[nu];

}
}s

/# x

* The Metric Tensor (g-mu_nu).

*/

class MetricTensor : public Tensor {

Tensor getlnverse() const; // Contravariant metric (g mu-nu)
Tensor getEinsteinTensor () const;

array <array<array<ScalarField , 4>, 4>, 4> getChristoffel () const;

/%
¥ Fvaluates a geodesic worldline step at a specific coordinate location.
¥ The trajectory is determined by evaluation of the Christoffel fields.
*
/
array <double, 4> computeGeodesicAcceleration (const Position4& pos,
array <double, 4> velocity) const {
array<double, 4> acceleration = {0.0, 0.0, 0.0, 0.0};
auto Gamma = this—>getChristoffel ();

for (int mu = 0; mu < 4; mut+) {
for (int nu = 0; nu < 4; nut++) {
for (int rho = 0; rho < 4; rho++) {
// FEvaluate the field at this specific event
double gamma_val = Gamma[mu][nu][rho](pos);
acceleration [mu] —= gamma_val x velocity [nu] * velocity [rho];

}
}
}

return acceleration

}
}s

class StressEnergyTensor : public Tensor {};

VX

* The universe, cosisting of energy and spacetime geometry
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*/

class Universe {
const double G = 6.6743e—11;
const double ¢ = 299792458.0;

MetricTensor g_mu_nu;
StressEnergyTensor T_mu._nu;

VA

* Assert the field equations locally at a specific spacetime event.
* G.munu == (8 » pi + G / ¢*f) * T-mu_nu
*/
bool EFE(const Position4& pos) const {
auto G_tensor = g.mu.nu.getEinsteinTensor ();
double constant = (8.0 * M_PI « G) / pow(c, 4);

for (int mu = 0; mu < 4; mut+) {
for (int nu = 0; nu < 4; nut++) {
double geometry_val = G_tensor.getComponent(mu, nu)(pos);
double energy_val = T_mu_nu.getComponent (mu, nu)(pos);

if (abs(geometry_val — (constant * energy_val)) > le—9) {
return false;

}
}
}

return true;

}
}s
The complexity of GR emerges from the fact that the system writes back to itself.

The matter-energy values of QFT (the Stress-Energy Tensor, 7),,) specify the functional con-
straints of the Metric (g,.,). Because the geometry of the metric changes how fields evaluate across
coordinates, it alters the path of the stress-energy distribution. This creates a highly non-linear,
self-referential loop. In software terms, it is a recursive function where the stack frame itself is
constantly warping while the function executes.

The Class Diagram
To sum it up, spacetime is the interplay of exactly two components:
Energy (T,,): The physical content—mass, radiation, pressure, and momentum.

Geometry (guv): The measurement framework—distances, time intervals, curvature, and causal
pathways.

Einstein’s field equation is the equal sign between them.
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© Universe

7?.155;15{:?269377;3;513 The field equation: @ Tensor
Iy i 2 Gpv == (BnG /') *T_v

+g_pv: MetricTensor s

+T_pv: StressEnergyTensor;

+EFE_is_Valid(): boolean .
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Figure 15.1: General Relativity UML Diagram

15.2 Minor Implementation Notes

Awesome. we’ll just write a quick Runge-Kutta integrator, set up a 4D grid, write a finite-difference
stencil for the Einstein Field Equations, and simulate a binary black hole merger by next weekend.

While the core equation of GR (G = BZ:TTGTW) looks deceptively simple, expanding it yields a
system of ten coupled, highly non-linear, hyperbolic-elliptic partial differential equations.

If one tries to write a naive solver, the simulation will face-plant into several classic software-
engineering traps, such as coordinate singularities. Simulation will crash with a NaN or overflow
error. Resolving these requires advanced mathematical coordinate transformations (like Kruskal-
Szekeres coordinates or "moving puncture” gauge conditions) just to keep the grid mathematically
stable.

Constraint Violations emerge because the Einstein equations are split into ”evolution equations”
(which update the grid over time) and ”constraint equations” (which must remain true at every
single step, like div(B) = 0 in electromagnetism). In a naive simulation, numerical rounding errors
will accumulate. Within a few frames, the constraint equations will fail, meaning the spacetime
grid no longer has any physical meaning.

To resolve the high-frequency gravitational waves radiating from a binary merger one needs Adap-
tive Mesh Refinement (AMR). Writing a dynamically scaling, parallelized 4D grid that runs effi-
ciently across thousands of GPU nodes is a multi-decade software engineering challenge.

Fortunately, the open-source community has already built the frameworks so we don’t have to. We
can use the industry-standard, production-ready engines:

e The Einstein Toolkit: The Kubernetes of numerical relativity. It is a massive, community-
driven, high-performance computing framework built on the Cactus infrastructure. It handles
everything from the 341 spacetime decomposition to adaptive mesh refinement and relativistic
hydrodynamics.

e NRPy+ (Python-based Code Generation): A brilliant Python package that uses SymPy
to let you write your physics equations in clean, high-level Einstein notation. It then compiles
those equations into highly optimized, SIMD-parallelized C++ code. It is designed to lower
the barrier to entry, letting you run numerical relativity on a standard laptop.

¢ OGRePy / xAct / SageManifolds: If you don’t need a full-blown dynamic simulation
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and just want to do symbolic tensor algebra (e.g., calculating Christoffel symbols, Riemann
curvature, or geodesics from a given metric), do not do the derivatives by hand.

15.3 Conclusion

Let’s compare this to our implementation of Quantum Field Theory.

In the grand hierarchy of the universal source code, it is clear that while the Standard Model was
written by a committee of panicked, underpaid junior developers working on a Friday afternoon,
General Relativity was designed by a single Senior Architect during a moment of pure, uninterrupted
clarity.

Compared to the cluttered, variable-heavy spaghetti code of QFT—with its arbitrary coupling
constants, messy exclusion rules, and infinite loops that require ”renormalization” hacks just to
keep the compiler from crashing—General Relativity is architecturally superior in every way.

The architect responsible for this module surely deserves a raise.
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Chapter 16

The Problem of Unification

16.1 Quantum Gravity

A central paradigm in theoretical physics is the pursuit of grand unification: the formulation
of a single mathematical framework capable of describing all physical phenomena. The primary
obstacle—and the essential first step toward this "Theory of Everything’—is the synthesis of General
Relativity and Quantum Mechanics into a coherent theory of Quantum Gravity.

But the wheels start to fall off the wagon almost instantly when applying the rules of QFT to the
curved metric g,,, of GR. In flat space, all inertial observers agree on the ”vacuum” |0). In curved
space, this consensus evaporates.

Gravity stretches the field ripples. An observer in a stable region might see a vacuum, while an
accelerating observer perceives a thermal bath of particles. This is the Unruh Effect, where the
temperature 7' is proportional to acceleration a:

_ ha
- 271ckp

If observers cannot agree on whether a particle exists, the very definition of a ”particle” as a basic
building block begins to crumble. The framework ceases to provide a globally consistent notion of
particles or vacuum.

16.2 The Vacuum Catastrophe

The most jarring illustration of the incompatibility between Quantum Field Theory (QFT) and
General Relativity (GR) is the Cosmological Constant Problem.

In QFT, the vacuum is never truly empty. Each field mode contributes a zero-point energy %hw
Summing over all modes up to a cutoff frequency wmq, gives a vacuum energy density

Wmax 1 d3k. 4
Pvac = /0 §h60(27r)3 X Waz-

If the cutoff is taken at the Planck scale, one obtains
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Poac ~ 10" J/m?.

Astronomical observations of the accelerating expansion of the universe, however, imply

Pobs ~ 1077 J/mg.

The discrepancy is roughly a factor of 10120 — often described as the worst prediction in the history
of physics.

Effects such as the Casimir effect confirm that vacuum fluctuations have measurable consequences.
However, QFT only measures differences in vacuum energy. When coupled to gravity, the ab-
solute vacuum energy should act as a cosmological constant and curve spacetime. Naively, the
predicted energy density would curve the universe catastrophically. Yet observations show that the
cosmological constant is extraordinarily small.

16.3 The Problem of Time

And if this wasn’t big problem enough, then there is the catastrophe of time, a cosmic crisis we
foreshadowed in our chapters on quantum mechanics and general relativity.

In General Relativity, time is not an external parameter but part of its geometric structure. Space
and time are interwoven, and their geometry is determined dynamically by the distribution of mass
and energy. Objects trace world-lines through this geometry, and what we perceive as the present
is a three-dimensional cross-section of a four-dimensional structure.

A common interpretation of General Relativity—the so-called block universe view—suggests that
past, present, and future events all coexist within the spacetime manifold.

Quantum Mechanics offers a very different perspective. In quantum theory, physical systems are
described by wavefunctions that encode all available information about their states. These wave-
functions evolve deterministically in time according to the Schrodinger equation.

Importantly, quantum mechanics does not render time itself indeterminate. Time remains an
external parameter in standard formulations of quantum mechanics, unlike in General Relativity
where it is part of the dynamical structure.

Drop General Relativity into a simulation and it breathes; the geometry ripples and reacts.
Drop Quantum Mechanics into a simulation and nothing happens.

One theory includes the clock; the other requires you to provide and wind it. This gap suggests
that 'unifying’ them is not a matter of merging two lists of rules, but of reconciling two entirely
different definitions of "happening’.

16.4 Why Einstein Instead of Hilbert?

And if we didn’t have enough problems already, there is an even more fundamental crisis looming.
As observers, we are hard-coded to sense a simple, 3D Euclidean world.
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But why? Why do we not instead experience reality as native inhabitants of a high-dimensional,
complex-valued Hilbert space, perceiving ourselves as the wave-like entities we actually are?

If quantum mechanics is the fundamental truth of the universe, why does our conscious experience
look like classical Einsteinian spacetime (3 + 1 dimensions, localized particles, and smooth gravity)
instead of a state vector drifting through Hilbert space?

|‘1}universe> = Z CZ|’¢Z>

(2

Mathematically, Hilbert space is where the real action happens. If we have N particles, they don’t
live in our cozy 3D space; they live in a 3N-dimensional configuration space. When you factor in
quantum states, the “state vector” of the entire universe, |¥), is just a single point rotating in an
almost infinitely high-dimensional Hilbert space.

Under this view, spacetime is an illusion. Our 3D space (plus 1D time) is just an emergent
“projection” or a convenient holographic slice of this massive mathematical ocean. We are waves,
not localized, “billiard ball” citizens of Einstein’s spacetime. We are insanely complex, highly
entangled wavefunctions.

So, why don’t we feel like waves?

The Technical Alibis

Quantum decoherence solves this problem—at least to some degree. As macroscopic objects
(made of roughly 1027 particles), we are constantly being bombarded by photons, air molecules,
and cosmic dust. Every time an environmental particle bounces off us, it “measures” our position.
This interaction leaks our quantum phase information into the environment, effectively destroying
our coherence. The fragile, high-dimensional interference of our wavefunction gets washed out,
leaving behind a seemingly classical, localized, and highly stressed psychosocial object in 3D space.

Another explanation comes from entanglement (the idea that gravity is fundamentally quantum).
The AdS/CFT holographic correspondence and the ER = E'PR conjecture suggest that spacetime
geometry is actually knitted together by quantum entanglement in Hilbert space. If you were
to disentangle two regions of Hilbert space, the physical space between them would literally tear
apart and grow infinite. Under this framework, we experience “Einstein” (spacetime and gravity)
because gravity is just the thermodynamic, macroscopic manifestation of microscopic entanglement
in Hilbert space.

But these are just technical explanations for why the universe behaves classically at the macroscopic
scale. They don’t quite ease the existential itch.

Why Einstein? Why not Hilbert?
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Chapter 17

The Deep Mystery of Mathematics

17.1 The Universal Agreement

Logic and mathematics are abstract by nature. What is common to the addition of two bananas
and the addition of two apples is the expression 2 + 2. Yet 2 4+ 2 is not something one can eat,
touch, or weigh. It is not located anywhere in space. It has no mass, no electric charge. It cannot
be detected with any measurement device—mnot even LIGO or the James Webb Space Telescope
(JWST)! What, then, is it?

The most striking feature of mathematics is its stubborn universality. Two sentient beings, sepa-
rated by light-years of vacuum or centuries of history, will inevitably converge upon the same Prime
Number Theorem. No matter how far we look in space and time, all of physics appears to follow
the same universal rules, without exception. This suggests that mathematics is not a mere cultural
artifact like music or fashion, but a reflection of a fundamental structure.

The physicist Eugene Wigner famously called this the “Unreasonable Effectiveness of Mathematics
in the Natural Sciences.” Math does not appear to be just a language we speak, but a landscape
we explore.

17.2 Doctrines of Mathematics

In the history of philosophy, several primary “doctrines” have attempted to explain this phe-
nomenon.

Platonism

Platonists, such as Roger Penrose, argue that mathematical entities (numbers, sets, functions) are
real, abstract objects that exist independently of us. They do not exist in space or time, but inhabit
a timeless “Platonic realm.”

The “unreasonable effectiveness” of mathematics in the physical sciences suggests that the universe
is built upon a mathematical blueprint. If we had simply invented mathematics, why does it predict
the behavior of subatomic particles and cosmic phenomena with such precision?
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Formalism

Formalists, such as David Hilbert, view mathematics as a formal game played with symbols accord-
ing to agreed-upon rules. We reach the same conclusions not because we have discovered universal
truths, but because we begin with the same axioms and inference rules.

Hilbert’s program sought a complete and consistent axiomatization of mathematics using finitary
methods. While Goédel’s incompleteness theorems showed the limits of this ambition, the formalist
perspective remains influential: mathematics is the rigorous exploration of what logically follows
from chosen starting assumptions.

Intuitionism

Intuitionism, pioneered by L. E. J. Brouwer and developed by Arend Heyting, takes a radically
constructive view. Mathematical objects do not “exist” independently; they must be explicitly
constructed through mental processes. Proofs must provide a method to build the object in
question—mere non-constructive existence arguments (such as reductio ad absurdum) are often
rejected.

A modern naturalistic extension of this tradition suggests that mathematics is deeply shaped by the
architecture of the human mind. Because our brains evolved to detect patterns, count, and reason
causally in a world of stable regularities, we naturally gravitate toward certain logical structures.
Mathematics appears universal because it reflects the shared properties of minds shaped by similar
physical pressures.

Critics note a serious difficulty: if mathematics is primarily a cognitive artifact, its spectacular
predictive power becomes even more mysterious. Why should a biologically shaped filter successfully
predict Neptune, the positron, or gravitational waves before instruments could detect them?

Structuralism

Structuralists argue that mathematics is about patterns and relationships rather than the intrinsic
nature of objects themselves. What matters is the structure: how objects relate to one another.

Type theory formalizes aspects of this perspective: every object has a type, and operations are
valid only when types are compatible. In programming, this is analogous to type-safe code. Type
theory serves as a powerful foundation for modern mathematics and connects naturally to computer
science, automated proof assistants, and functional programming.

17.3 The Predictive Power Problem

One of the strongest arguments for Platonism is mathematics’ ability to lead discovery, with physical
reality following. Astronomers did not find Neptune by random scanning. They noticed discrepan-
cies in Uranus’s orbit under Newton’s laws. Urbain Le Verrier performed the calculations on paper,
predicted the exact position of an unseen planet, and observers found it there.

Paul Dirac’s 1928 relativistic quantum equation for the electron produced two solutions. One
described the known electron; the other implied a positively charged counterpart—the positron,
discovered a few years later.

Einstein’s General Relativity predicted the collapse of massive stars into singularities. Though Ein-
stein found this physically implausible, we now have direct images of black hole event horizons from
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the Event Horizon Telescope (EHT). Again and again, pure mathematics reveals what experiment
later confirms.

17.4 Axiomatic Systems

Mathematics is an aziomatic system: a collection of axioms (statements assumed true without
proof) together with rules of logical inference that generate theorems.

Unification of Mathematics

In the early twentieth century, set theory emerged as a unifying foundation. By treating numbers,
functions, and geometric objects as specific kinds of sets, mathematicians created a common lan-
guage. Today, Zermelo-Fraenkel Set Theory with the Axiom of Choice (ZFC) remains the standard
foundation.

A powerful rival and complement is Category Theory. While set theory focuses on the internal
elements of objects, category theory emphasizes relationships, transformations, and composition.
Many mathematicians view category theory as a more natural language for abstract structures,
though it typically relies on set-theoretic foundations for full rigor.

The Programming Analogy
There is a useful (if imperfect) analogy with programming paradigms:

# Functional style (transformations)
shift_left(integer)

# Object-oriented style (data-centric)
integer.shift_left ()

Set theory resembles the object-oriented, data-centric view: everything is built from elements and
collections. Category theory resembles the functional view: it prioritizes how structures compose
and relate, often abstracting away internal details.

Category Theory Equation Example

In category theory, objects and morphisms (arrows) are fundamental:

f:X=>Y ¢g:Y—>2Z = gof:X—>Z2

Here, X,Y, Z are objects and f, g are morphisms. The emphasis lies on composition and relation-
ships rather than internal content.

Mathematical Pluralism

Modern philosophy of mathematics has shifted toward Mathematical Pluralism. Thinkers such
as Joel David Hamkins advocate a set-theoretic multiverse: rather than one absolute mathemat-
ical reality, there exist many different, equally legitimate mathematical universes, each satisfying
different axioms (for instance, some where the Continuum Hypothesis holds and others where it
fails).
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Pluralism does not imply chaos (242 = 5 remains false in coherent systems). It suggests we are not
discovering a single rigid mathematical truth but exploring a landscape of consistent possibilities.
In computer science, this mirrors the practical choice of logic and type systems when designing
languages or theorem provers.

However, pluralism must still confront Wigner’s puzzle: while many mathematical universes may
exist, physical reality aligns extraordinarily well with a narrow subset—classical logic, real and
complex numbers, Hilbert spaces, and smooth manifolds.

17.5 The Foundational Crisis

Several deep puzzles remain:

e The Continuum Hypothesis: Even within ZFC, basic questions such as whether there
exists an infinity strictly between that of the integers and the real numbers are independent—
neither provable nor disprovable. This is not a flaw but a profound feature of axiomatic
systems.

e Natural vs. Artificial Axioms: Why do certain axioms map so successfully onto physical
reality? This lies at the heart of Wigner’s dilemma.

e Logical Pluralism: Alternative logics (intuitionistic, paraconsistent, etc.) are mathemati-
cally coherent. Yet our physical universe strongly favors classical logic. Why?

17.6 Conclusions

Across all major doctrines—Platonism, Formalism, Intuitionism, Structuralism, and Pluralism—
mathematics reveals itself as profoundly non-arbitrary.

Yet Mathematical Pluralism introduces a genuine tension.

If multiple coherent mathematical worlds are possible, why does physical reality correspond so
precisely with the particular structures we employ?
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DNA as the Blueprint of Life

18.1 History

Modern biology has established that DNA is the blueprint of life, carrying the information required
to build and maintain every known living organism. The path to this understanding has been
gradual and cumulative.

In 1869, Friedrich Miescher isolated a previously unknown substance from white blood cells, which
he called nuclein. This marked the first step toward identifying the molecular basis of heredity.

In 1888, Theodor Boveri observed thread-like structures during cell division, later named chromo-
somes. These structures were shown to carry hereditary information.

Thomas Hunt Morgan, working with fruit flies, linked specific traits to specific chromosomal regions.
These regions became known as genes, establishing the physical basis of inheritance.

In 1928, Frederick Griffith’s experiment with Streptococcus pneumoniae demonstrated that a “trans-
forming principle” could transfer hereditary traits between bacteria. This strongly suggested that
heredity was encoded in a specific molecule.

The decisive breakthrough came in 1953, when James Watson and Francis Crick, building on X-
ray diffraction data produced by Rosalind Franklin, revealed the double-helix structure of DNA.
In 1958, the Meselson—Stahl experiment confirmed semi-conservative replication: each new DNA
molecule contains one original strand and one newly synthesized strand. This explained how genetic
information is reliably transmitted from cell to cell and generation to generation.

Over the past century, DNA has moved from hypothesis to direct manipulation. We sequence
genomes, edit genes, and observe predictable biological consequences. The theory is not merely
descriptive; it is operational and continuously verified in practice.

If DNA is the blueprint, regulatory genes determine how that blueprint is executed. All cells in
a multicellular organism contain essentially the same genome, yet they differentiate into muscle,
bone, skin, or neurons. The difference lies in gene regulation.

In the 1980s, Walter Gehring and colleagues discovered homeobox genes while studying fruit flies.
One mutant developed a leg where an antenna should have been, revealing master regulatory genes
that control body layout. These genes are remarkably conserved across species.
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In a striking experiment, a gene responsible for eye development in mice was inserted into a fruit fly
embryo. The fly developed additional, fully functional fly eyes—not mouse eyes. This demonstrated
that the underlying genetic control mechanisms are deeply shared across species, supporting the
common ancestry predicted by Charles Darwin.

Many of us software developers still have a lot of catching up to do when it comes to code reusability.

18.2 Applications

Applications in Everyday Life are numerous:

Medicine: Genetic testing, DNA sequencing, and gene therapy enable diagnosis and treatment at
the molecular level. mRNA-based vaccines demonstrate direct practical use of genetic principles.

Forensics: Forensic DNA analysis reliably identifies individuals in criminal investigations.
Agriculture: Genetic engineering and DNA barcoding improve crops and track biodiversity.

Evolutionary biology: Molecular phylogenetics reconstructs evolutionary history with unprece-
dented precision.

When a gene is altered and a predicted change follows, the theory confirms itself in practice. Reality
itself functions as an ongoing test of molecular biology.

18.3 Digitized DNA

Despite its complexity, DNA operates on remarkably simple principles. Its four nucleotides—adenine
(A), thymine (T), cytosine (C), and guanine (G)—pair specifically (A with T, C with G). During
replication, the two strands of the DNA double helix are separated, and each strand serves as a
template. New complementary nucleotides are attracted to the exposed bases, guided by hydrogen
bonds, forming two identical DNA molecules. In other words, the sequence of one strand determines
the sequence of its partner, ensuring faithful duplication.

What is remarkable is that DNA is also fully digitizable, it can be coverted to binary string without
loss of information. Entire genomes, including the human genome sequenced through the Human
Genome Project, are stored and analyzed computationally. Advances in synthetic biology and
genome synthesis allow scientists to construct functional genomes artificially and insert them into
living cells.

At least for simple organisms such as bacteria, no additional “vital spark” (soul) is required. When
the correct molecular structure is assembled and placed in the proper environment, the system
behaves as a living organism.

18.4 Conclusion: DNA and the Architecture of Conscious Life

The evidence that DNA is the blueprint of biological life is overwhelming. It encodes the structures
that build cells, tissues, organs, and entire organisms. It governs development, reproduction, and
adaptation.

Modern genetic science demonstrates something profound: biological information is real, measur-
able, manipulable, and predictive. Our ability to read, edit, and synthesize DNA shows that life
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operates according to structured informational principles.

Just as physical theories are no longer abstract descriptions detached from reality but continuously
tested in practice, also in the case of DNA, reality itself functions as an ongoing confirmation.
The living world—including beings capable of reflection and self-awareness—is built upon genetic
information. DNA is therefore not merely associated with life; it appears to be the informational
foundation from which complex, and possibly conscious, life are built.
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Chapter 19

Running DNA Simulations

Because DNA is essentially digital code, it inevitably raises a profound question: could we one day
simulate our own existence and create virtual copies of ourselves?

19.1 The Penrose’s View

According to Roger Penrose [penrosel989emperor|, the operation of the human brain might
not be an axiomatic system. Godel’s incompleteness theorem states that within any sufficiently
powerful axiomatic system, there exist statements that are true but cannot be proven within that
system.

Since computers and Turing Machines are equivalent to formal axiomatic systems, this implies that
there are well-defined mathematical truths that no algorithm can ever compute. In other words,
some problems are fundamentally uncomputable by any machine, regardless of its speed or memory.

Penrose speculates that the human brain can, at least in principle, apprehend such truths. If true,
this suggests that human reasoning is not confined to algorithmic computation: the mind may
access insights that no Turing machine can produce.

What Penrose effectively argues is that mathematics is more expansive than what a Turing machine
is capable of describing. Even if the machine had an infinitely long tape and infinite time to run, it
could not implement all of mathematics. If human consciousness resides on that ’far side’ of math,
several consequences follow from this hypothesis:

1. Limits of Simulation: If the brain is non-algorithmic, then no digital computer, no mat-
ter how advanced, can fully simulate human consciousness or understanding. Even infinite
computational resources would be insufficient to replicate every aspect of human thought.

2. Beyond Code + Data: Unlike a program, which is entirely specified by its code and
the data it operates on, the human mind may operate in a domain that transcends these
structures. Emotions, intuition, insight, and conscious awareness might not be reducible to
sequences of bits or instructions.

3. Implications for Artificial Intelligence: Al systems, however sophisticated, are funda-
mentally Turing machines. If Penrose is correct, they can never truly replicate the full range
of human understanding or consciousness; they will always be limited to algorithmically com-
putable tasks.
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4. Godelian Insight in Humans: The ability to see the truth of statements that are unprov-
able in a given formal system suggests that the human mind may operate by principles that
go beyond formal axiomatic rules. Consciousness might involve non-computable processes,
potentially of a physical nature not yet understood—perhaps even quantum mechanical, as
Penrose has speculated.

5. Philosophical Implications: If humans are not fully formal systems, then certain aspects of
subjective experience, creativity, and insight are inherently inaccessible to purely mechanistic
explanations. This strengthens the idea that some phenomena—including consciousness, free
will, or the subjective feeling of pain—may lie outside the reach of computational description.

Taken together, these points indicate a profound divide between what is algorithmically computable
and what the human mind can achieve. Even if mathematics itself can be formalized into axiomatic
systems, the processes of human understanding may transcend those systems entirely.

19.2 Thought Experiment: The Nature of the Simulated World

Let us explore the opposite assumption: that a faithful simulation of a human genome would
produce a conscious being.

The current technology does not allow us to run full scale human DNA simulations yet. However,
this does not prevent us from exploring it as a thought experiment. So we digitize a human genome
and run it inside a sufficiently detailed computer simulation. We also simulate a sufficiently large
world with it to avoid our simulated human developing psychosis in empty space. Nine months
later, in simulation time, our virtual copy takes its first breath in its simulated world.

How would such a simulated human perceive its environment? Would it sense the limited memory
space of the computer running it? Would it be able to bump its head against the upper boundary
of RAM and feel pain? Would the flipping of bits tickle its nose, or the rotation speed of a hard
drive make it dizzy?

Would it eventually discover that its entire universe is driven by storage devices, memory chips,
and an overclocked multi-core CPU?

19.3 Sense of Reality

The simulated human is not created within our universe. It does not consist of real-world particles
such as electrons or quarks. Instead, it exists entirely within a virtual universe that we simulate
alongside it. As a result, it has no access to our physical hardware. It cannot observe transistors,
memory cells, voltages, or processor clocks.

The only thing the simulated human can study is the internal structure of its own virtual world.

Within that world, there are virtual particles, virtual forces, and virtual laws of physics. When
the simulated human bangs its head against a simulated wall, the simulated particles in the wall
respond exactly as the laws of that virtual universe dictate.

Every measurement the simulated human performs inside its universe will match those we real
people carry out in our real world. The outcomes of experiments will match the predictions of the
simulated physical laws, just as our measurements match the laws of physics in our own universe.
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To the simulated observer, the experience is indistinguishable from how real particles behave when
we humans bang our heads against real walls.

But would banging simulated head against simulated wall cause the simulated person pain?

Both the real world and the simulated world are aziomatic systems. Mathematics does not care
whether it is applied to apples, bananas, electrons, or bits. The statement 242 = 4 holds regardless
of the physical substrate that implements the system.

For the simulated human, there is no experiment it could perform that would reveal the presence
of the computer running the simulation, because that computer exists outside the axioms of its
universe.

From the inside, the simulated universe would feel precisely as real as our universe feels to us.

19.4 Substrate Independency

The brain of a computer—its central processing unit (CPU)—consists of a set of electric switches
called transistors. The CPU does not need to be an electric device. Just as 2 + 2 = 4 holds for
both apples and bananas, simulations should work regardless of the substrate on which they are
implemented.

In theory, one could implement a DNA simulation as a mechanically operating computer consisting
of wooden components. Instead of using transistors in a silicon chip to control electrons, one could
use wooden parts on a plywood platform to control wooden balls. When such a machine stepped
through its logic, a virtual potentially pain sensitive human would take its first steps in its virtual
universe.

What then is this strange phenomenon that creates consciousness and pain from a jerking pile of
wooden pieces?

If a huge number of moving wooden components can create pain, then what does one moving piece
of wood create?

Can current physics even describe this action?

Entropy

No man-made device is perfect, and wooden ™ is no exception. Friction, tolerances, and things like
that introduce resonances and other unintentional vibrations to the operation of wooden ™. If the
actual logic in the wooden ™ creates a virtual universe with pain and consciousness, then what do
these unintentional side effects create? Do they get reflected in some form into the created virtual
world too?

Would the virtual fellow in its virtual universe discover these in the form of strange quantum
foam? Would it observe them as strange cosmic background radiation with 2.725 K temperature?
Maybe that indeed explains why we measure quantum foam and cosmic background radiationin
our universe. We are being simulated in a wooden Universal Turing Machine!

It would be difficult to argue why large movements of wooden components would count, but their
small resonances would not.
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Number of Spheres per Second

Let’s say we run DNA simulation in a modern computer. How would the clock speed of the CPU
running the simulation appear in the created simulated universe? Would the simulated human
observe that particles in its universe appear to follow some strange abstract square wave function,
whose origin it could not explain, but which it might end up calling Wintel’s (TM) abstract square
wave function?

How would the human simulated in wooden computer sense the workings of such a computer?
Due to the large number of concurrently rolling spheres, the simulated human could conclude that
the wave function must be complex-valued with phase coherence, and imaginary numbers would
provide a natural formalism.

In addition to electric and wooden computers, it is easy to picture rich set of other possible ways
to implement computers, and therefore, systems potentially capable of creating virtual universes
with conscious observers.

Thermostat as the Source of Consciousness

Computer software is ultimately a sequence of bits—mnothing more than a series of binary switches.
Theoretically, one could use a thermostat, a device with only two states (open and closed), to
describe any computational procedure.

By allowing temperature to fluctuate in a carefully controlled way, a simple thermostat could
theoretically run the digital code of a DNA sequence. If the underlying mathematics holds true,
conscious experience—and even pain—should emerge.

The simulated fellow would be totally unaware of the fact that a trivial thermostat is responsible
for the illusion of its existence. Crucially, the thermostat itself cannot be regarded as conscious by
any means.

It is still the very mechanical deterministic system stepping through its two state sequence without
any choice. Yet, the rattling of that thermostat creates a virtual parallel universe in which a
conscious human marvels at the deep nature of reality.

Correspondingly, running such DNA simulations on any type of computer does not make the
computer itself conscious or pain-sensitive. Pain and consciousness live in the virtual world the
computer simulates.

Cities as the source of Consciousness

A person walking through two subsequent doors implements the logical operation doori; A doors
(AND). Conversely, if a hallway splits such that one can pass through using either a left or a right
door to reach the destination, the system executes the operation left V right (OR). This is exactly
how our computers work—the only difference is that the logic is implemented mechanically via
human bodies instead of electronically via silicon. What unfathomable complexity do billions of
human beings create by navigating streets and passing through doors on their way to work?

Pencil and Pen

Even a regular pencil and a piece of paper could be the source of consciousness. Start writing down
the evolution of DNA with pencil and pen, and soon virtual people suffer tooth pain in their virtual
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universe. Both pencil and ballpoint pen should work equally well. Due to the higher friction, the
temperature of the cosmic background radiation in a universe created with pencil might be a bit
higher though!

Conclusion

The only conclusion one can draw from these is that whatever it is that we call consciousnes and
pain must be subtrate independent. The source of pain cannot be any physical attribute, such as
mass, electric charge, elementary particle such as photon, because it is always possible to find an
implementation where such a property does not play any role.

The only common factor across different implementations is the logic they execute. That logic itself
is nothing more than structured information—data in an abstract form.

19.5 Recursion and the Ontological Parity of Simulations

If we can utilize electrons or even macroscopic components to create virtual universes that replicate
the biological and structural motifs of our own—such as DNA—we reach a logical crossroads.
Because these simulated observers are functional duplicates of their ”real-world” counterparts,
they will inevitably begin exploring their own substrate.

They will discover the principles of computation and, eventually, construct their own Turing Ma-
chines. The procedure these virtual entities use to simulate their own existence is identical to the
procedure we used to create them. We can express this transition mathematically. If our world is
rn, and the simulated world is 7,41, the mapping is:

Tn+1 = fONA(TR)

This nested stack of simulations continues as long as the host level contains sufficient computational
density to support the sub-level. Because we know the deterministic nature of the Turing Machine
we used to initiate the first step, we must admit that the relationship is strictly recursive:

Ttk = fONA (Tntk—1)

We know that these sub-simulations are 'virtual’, since we created them in our computers, with the
software that we can fully understand. In a recursive formula, it is notoriously difficult to argue for
”ontological seniority.” There is no parameter within the fpya function that distinguishes a "real”
world from a ”virtual” one; the operator remains invariant across all levels of the recursion. The
logical conclusion is that our ”base” reality is as computationally contingent as the simulations we
produce. To an observer inside the recursion, the substrate is always invisible; we perceive our level
as 7solid” simply because we are defined by the same logic that governs it.

Is the universe made of abstract information?

There is, however, a significant physical constraint to this hypothesis: the Information Bottleneck.
Simulating the human genome, let alone the consciousness of eight billion humans and the staggering
complexity of 10?2 stars in the observable universe, requires an astronomical amount of information.

Those sub-simulations would soon run out of information.
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19.6 Anthropic Principle

The “Anthropic Principle” states that the universe must be compatible with the existence of in-
telligent observers. We should not therefore wonder why everything appears to be so delicately
adjusted to make our existence possible. If this wasn’t the case, then there wouldn’t be us either.

According to Stephen Hawking, the universe contains vastly more galaxies than strictly needed for
life to develop on one planet, suggesting that a strong anthropic principle (requiring life everywhere)
is unnecessary. Only one would be enough to produce the raw materials and get us important
humans developed.

One might question this reasoning. If the probability for development of intelligent life happened
to be extremely small, then isn’t this huge universe precisely what one needs to get intelligent life
developed at least on one planet? So it actually boils down to probabilities. Even if the probability
of life turned out to be high, maybe God, or whoever wanted to get us created, is a perfectionist
and only good (e.g., sin-free) humans will do—which we apparently are not.

The current best estimates of the number of galaxies in the observable universe are around 1 to 2
trillion galaxies. Maybe God is impatient! God doesn’t want to wait two trillion years to see life.
Why not create 2 trillion galaxies and wait only one year?

Can we resist the temptation to play with our genome? Researchers are currently trying hard to
create artificial self-aware systems on all possible fronts.

if (God exists) {

// God creates a man,

// for his own image creates he him
} else {

// man creates virtual man

// for his own image creates he him

}

As soon as we get the first full scale DNA simulations executed, we humans will then play the role
of God.

Subjective Experience and Unknown Procedures

Despite their virtual nature, these abstract, virtual simulated universes might possess very ”real”
emergent properties. Pain, joy, and consciousness could emerge in them.

A further question arises: is the emotional spectrum observed in humans the complete set of
possible conscious states, or merely the subset produced by biological evolution? It might be
plausible that other forms of conscious architecture could produce emotional states not present in
the human repertoire. One might imagine hypothetical “orphan emotions”—states permitted by
the informational structure of cognition but never realized in biological evolution.

Evolutionary systems frequently become trapped in local optima: configurations that function
adequately but do not represent the global maximum of possible adaptation.

If conscious experience depends on underlying information architecture, then human emotions may
represent only the default configuration produced by our evolutionary history.
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There may exist hypothetical emotional states—feelings that evolution has not yet brought about.

19.7 Pain Management

In the software industry, the term cross-cutting concerns is used to refer to systemic requirements
such as security and vulnerability management. These are not merely features of a single com-
ponent; rather, they are essential aspects that must be integrated into every software component
throughout development.

One may ask whether a certain threshold of informational complexity is required for genuine subjec-
tive experience. As we build faster computers and more sophisticated software, we remain entirely
blind to the light—or the fire—we may be igniting within them.

Should we add Pain Management to our palette of cross-cutting concerns in the future?
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Chapter 20

Humans as Axiomatic Systems

20.1 Basic Assumptions

Let’s start with the following assumptions:
Axiom 1: DNA encodes the blueprint of life.
Axiom 2: DNA consists of ordinary matter that obeys physical laws.

It should be noted that these are observable assumptions, and as such, they cannot be definitively
proven. However, the observational evidence supporting them is strong.

The first assumption posits that the human genome encodes all the information required to con-
struct a conscious, pain-sensitive human being within this universe and its observed laws of physics.

The second assumption states that DNA is composed solely of ordinary physical matter. It is
made of the same matter as everything else and is governed by the same physical laws, with no
non-physical or supernatural influences affecting its operation.

It then follows that humans, unlike what Roger Penrose speculates, must be implementations of
axiomatic systems. Consequently, consciousness can be described using the principles of mathe-
matics.

20.2 Church-Turing Thesis

Let us make a third assumption:
Axiom 3: The Church—Turing Thesis holds.

It states that all physical processes can, in principle, be simulated by a device known as a Turing
machine. Modern computers are essentially Turing machines. The Church—Turing Thesis has never
been formally proven, but if it were false, we would have good reason to worry about keeping our
money in bank accounts.

From these three assumptions, it follows that humans can be simulated by a Turing machine—or,
in its modern incarnation, a computer.
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20.3 DNA Simulation Thought Experiments

Suppose we digitize a human genome and run it on a computer simulating a universe governed by
the same laws of physics as our own. As the simulation executes, the DNA evolves into a conscious,
pain-sensitive observer. The simulated human experiences an expanding universe where time flows
from past to future, and tooth pain is real.

Optimizing Code

All software programs consist of two kinds of information: code (¢) and data (d). In a DNA
simulation, the code would describe the laws of physics, such as quantum mechanics and gravity.
The data would include the digitized DNA and a sufficiently large section of the surrounding
universe. Let us assume the simulation software consists of a roughly equal amount of code and
data.

_ sizeof (ccecccceeccceeccceeeccce)
~ sizeof (dddddddddddddddddddddddd)

A well-known technique for optimizing slow, CPU-intensive code is to use lookup tables, which re-
place computation with precomputed data. For example, one can replace all sqrt () computations:

result = sqrt(arg);
with precomputed values:
result = sqrt_lookuptable[arg];

Empirically, software programs yield identical results regardless of how the result was computed.
2+ 2 =4, and it does not matter if we replace all 2 4+ 2 equations in our code with a precomputed
value of 4. This optimization therefore cannot affect the simulation’s output, nor the observer’s
experience of time or pain. Delaying or accelerating computation affects only the external runtime,
not the internal state transitions of the simulated system.

However, this optimization has the effect of reducing the amount of code and increasing the amount
of data in our DNA simulation:

sizeof (ccececececcececececececec)

0.9 =
sizeof (ddddddddddddddddddddddddddd)

Now, imagine we gradually optimize the DNA simulation by replacing algorithmic components
with lookup tables. As a consequence, the number of CPU cycles required to run the simulation
decreases. Suppose we take this optimization to the extreme: all computation is replaced by a
static dataset encoding the entire execution trace.

sizeof ()

=T = Seof(dddddddddddddddddddddddd)

As a result, we don’t have anything to run on a computer. It is just a massive hard drive of data.

Does the simulated human still experience time and pain?
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The answer, within the axiomatic model, is yes. Affirming otherwise would certainly imply the
existence of a new physical constant in our books of physics: a minimum code-data ratio required
for consciousness to emerge.

As such a constant would contradict the initial axioms, the temporal structure and pain, therefore,
must emerge from the internal relationships among states, not from the external runtime. From
the internal perspective of the simulated observer, time still flows from past to future and pain is
real.

In conclusion, a static dataset can fully specify a universe containing conscious observers with
subjective time. Consequently, time and pain must be properties of simulated observers, not
fundamental properties of the universe.

Multi-threaded Simulation

When a single DNA simulation—Ilet’s call her Alice—runs on a computer, the execution trace is
easy to study. Every CPU instruction drives the computer (and Alice) to a new state. From Alice’s
perspective, time flows forward, and the effect of each CPU cycle can be mapped to a simulated
particle in her world.

|Alice|Alice|Alice|Alice| .. . |

However, consider a system running multiple DNA simulations concurrently—say, Alice and Bob—
where thread scheduling is governed by quantum randomness. The resulting execution trace inter-
leaves their simulated lives in segments of unpredictable length.

|AliceAliceAli|BobBobB|AliceA|BobBo|Alic|BobB. . . |

Since both single- and multi-threaded computers are computationally equivalent, each observer
must experience a coherent, continuous timeline.

Now, let’s gradually shorten the number of CPU cycles until each thread is limited to running a
single CPU cycle before switching. Let’s also add more DNA simulations, like Robert, John, and
Jill. As the number of concurrent simulations increases, the execution trace becomes increasingly
fragmented. Additionally, modern multi-threaded systems often include many extra threads for
operating system tasks, such as listening for network requests. This injects fragments of irrelevant
data into the execution trace. In the limit of infinitely many perfectly interleaved simulations, the
execution trace approaches pure white noise.

|A[B|OS|R|J|OS|1]Jifi|ce[blobln]l] . .. |

Is Alice still conscious?

The answer, again within the axiomatic model, is yes. Empirically, multi-threaded computers
function reliably regardless of how few CPU cycles are allocated per thread switch or how narrow
the CPU’s internal registers are. From each observer’s internal perspective, time still flows from
past to future.
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This raises an obvious question: how does Alice know which sequences belong to her and which do
not, in order to remain conscious?

Conclusion: if there is any way to interpret static noisy data as a “conscious observer,” then that is
exactly what happens: a conscious observer emerges. If the initial assumptions hold, consciousness,
pain, and subjective time can emerge from static data that resembles pure static noise.

20.4 Causality

This idea fights against common sense. One might think that virtual universes only come into
existence when a simulation is actively executed—that the computer must be powered on to run
the simulation code for the simulated world to exist. If the simulation computer is never started,
it seems obvious that no simulated virtual world emerges: no consciousness, and certainly no pain.

However, static data (such as the full execution trace of a simulation) has no inherent notion of
time. There is no external reader stepping through the data in any particular order, like from left
to right. Modern disk operating systems also physically scatter data across the hard drive in no
particular order.

We cannot touch the virtual objects in those simulated universes. We cannot measure the distance
between our computer and the simulated particles. We cannot measure the time it takes for the
“execution” to create the virtual world. One cannot argue that one created the other. What appears
as static information (e.g., the execution trace of a computer) to us external observers appears as
an expanding universe and conscious experience to the simulated human observing the data from
within. This relationship is representational, not causal. The computer and the simulated universe
are two sides of the same coin: distinct arrangements of the same information.

20.5 Parallel Universes

And there are more than just two sides on the coin. Consider an execution trace of N bits.
These bits can be arranged in 2V ways. Apparently, most of them describe chaotic universes with
no conscious observers. One, however, describes our identical simulated twins—Alice, Bob, and
others. And one describes something we call a computer, which is simulating a computationally
heavy procedure—DNA.

20.6 Philosophical Zombies

Philosopher David Chalmers [chalmers1995facing] proposed the concept of a philosophical zom-
bie: a hypothetical being that is physically and behaviorally identical to a conscious human but
lacks any subjective experience. Such a zombie would respond to pain stimuli in the exact same
way a conscious person does—it would cry out, flinch, and try to avoid the source of pain—but it
would not feel anything.

According to Chalmers, even with a perfect simulation, we would only be observing the physical
processes. We still wouldn’t know if there’s a “ghost in the machine” —a feeling of what it’s like to
be that simulated being. A computer could be programmed to perfectly mimic the behavior of a
person feeling pain without actually having the experience itself.
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20.7 Pain Hypothesis: From Philosophy to Physics

Let’s make a fourth assumption:
Axiom 4: Pain has measurable effects.

This assumption brings the concept of pain from philosophy to physics. Just like gravity, pain is
assumed to have observable consequences that are physically detectable and measurable. Formally:

Human # Human + Pain

If a system’s behavior is entirely determined by its physical components and their interactions, an
axiomatic copy should exhibit identical behavior. If their behavior is identical, then their internal
states, including consciousness and pain, must also be identical. 2 + 2 = 4 holds for both bananas
and apples. If the original’s behavior is driven by the experience of pain, the simulation must have
that experience too. Otherwise, there would be a contradiction.

Correspondingly, the P-Zombie is an impossibility. If Axioms 1-4 hold, the P-Zombie premise
collapses:

e Axioms 2 and 3 state the system is an axiomatic, computable entity.

e Axiom 4 states that the experience of pain (P) has a measurable, physical effect.

Falsification of the Hypothesis

While full-scale DNA simulations are currently beyond our computational reach, this limitation is
secondary to the theoretical framework. Much like our inability to calculate the highest possible
prime numbers, the current technical ceiling does not invalidate the underlying logic; what matters
is that such simulations are possible in principle.

As soon as computational technology allows for high-fidelity biological modeling, we will be able to
test whether a simulated human truly experiences subjective states, such as pain. This provides a
clear path for empirical validation. We can simulate a statistically significant sample of human sub-
jects and study their behavior via monitors, exactly as we play virtual games. This time, however,
the avatars in the game are fully self-contained simulated copies of us. By comparing the simulated
subjects’ responses to those of their real-world counterparts, we can measure the difference. If the
simulated subjects exhibit the necessary biological reactions but lack the qualitative experience
(qualia) of pain, their behavior should be different compared to us humans. Should this be the
case, the arguments presented here collapse. This would indicate that at least one of the four initial
axioms is invalid.

20.8 Pre-computing the Data

One might argue that replacing code with precomputed data does not truly eliminate computation.
The computation simply occurred earlier, when the lookup tables were created, and therefore the
optimization argument collapses: static data alone would not be sufficient for subjective experience.

This objection fails for the following reason.

Software is fundamentally order-critical. The sequence in which elementary operations are executed
is essential. Swapping the order of even relatively simple operations often destroys the correctness
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of the program entirely. In a system as complex as a full-scale DNA simulation, changing the
execution order would almost certainly crash the simulation or produce complete nonsense instead
of a coherent Alice.

However, when we precompute lookup tables, the order in which we calculate those values is
entirely irrelevant to the final result. What matters is only that the precomputed values correctly
correspond to the inputs they will receive during execution.

In other words: the temporal order in which the programmer (or the optimizer) computes the
lookup tables does not need to match the order in which those values are later accessed. The final
static data structure encodes the correct mappings regardless of the history of its creation.

Thus, the optimization process remains valid. We can gradually transform a fully running, causally
ordered simulation into pure static data while preserving the exact output. If subjective experience
depended on the real-time execution of those precomputations, we would require some form of
metaphysical or non-computable process to explain why the experience survives the optimization.
This would directly contradict Axiom 3 (that all relevant processes are computable).

The optimization argument therefore stands: subjective experience persists in purely static infor-
mation.

20.9 Conclusions

If the four assumptions hold, then the following conclusions follow directly:

e Consciousness, subjective time, and pain can emerge entirely from the internal relational
structure of static information.

e These properties do not require ongoing external computation or a privileged “execution”
process.

e Time is not fundamental to the universe but intrinsic to the observer.

e The universe, at its most fundamental level, can be regarded as static, semantically neutral
and abstract information.

Should future high-fidelity simulations of humans show no subjective experience despite matching
all measurable behavior (including pain responses), at least one of the four initial assumptions
would be falsified.

Until such counter-evidence appears, we assume the four axioms hold, and summarise them under
one principle:

Principle 20.9.1: Internal Emergence Principle (IEP)

Consciousness is a property of certain finite information structures, not of processes act-
ing upon them. Any configuration space large enough to contain such structures contains
consciousness.




Chapter 21

The Problem with Time

If the four assumptions hold, then subjective experience can emerge internally from information
that appears externally as noise.

Let us go through two thought experiments to demonstrate the consequences.

21.1 Alice as an Execution Trace

Consider a full, faithful particle simulation of Alice’s universe. We record it frame by frame into an
uncompressed, lossless digital archive. This is the straightforward, non-optimized implementation.

What distinguishes this archive from ordinary media is that the coordinates are not flat 2D rasters,
but 3D counterparts— “voxels”—where fundamental particles play the role of pixels. It is a com-
plete, particle-level recording of the entire simulated universe, including Alice’s body, her brain
states, and every interaction. This record is a virtual copy of real-world Alice—functionally iden-
tical at every relevant level.

Now we begin optimizing the simulation code. First, we replace every 1log10() call with a precom-
puted lookup table. We run the simulation again. The resulting state-space archive is identical to
the original.

Next, we replace all sqrt () computations with precomputed values. Again, the outputs are indis-
tinguishable.

We continue this process, gradually replacing more and more active computation with static lookup
tables. At every run, the output data remains exactly the same. The only difference is the physical
time required for the host hardware to generate it: the more we optimize, the faster the execution
completes.

In the end, we optimize the simulation completely. All active computation has been replaced by
precomputed data. What remains are two sets of files of pure, static information: the execution
traces of the gradually optimized simulations and their completed state-space counterparts.

All the generated records are indistinguishable from one another; only the code-to-data ratio of the
process that created them differs. The execution traces themselves differ because the underlying
implementation of each run was different.

We can draw two major conclusions from this thought experiment:

101



102 CHAPTER 21. THE PROBLEM WITH TIME

First, it would be absurd to argue that, within a set of identical data structures, some would be
more “special” than others (with some hosting active consciousness and pain, while others remain
inert). If the output data is identical, then the “experience” must either exist in all versions or
none of them.

Second, many different execution traces (or their computational equivalents) can produce the exact
same Alice. The observer is not bound to a single, specific bitstring!

This is a manifestation of statistical mechanics and entropy. Just as the sand grains in an hourglass
can pile up in astronomically many distinct microscopic arrangements while still producing essen-
tially the same macroscopic shape—a cone—the underlying informational execution traces can be
arranged in many different ways to produce the exact same emergent Alice.

Alice is an Equivalence Class.

The immense number of distinct execution traces (microstates) that yield the identical macroscopic
observer (the macrostate) is the informational analog of Boltzmann Entropy.

21.2 The Self-Mutating Computer

Imagine a computer running a high-fidelity, fundamental particle simulation of Alice’s universe.
Now, suppose we add a special “self-mutating” function to its code. Instead of terminating after one
run, this function randomly modifies the computer’s own memory and instructions, then executes
the new configuration. This process repeats indefinitely.

The computer systematically explores every possible way to interpret its finite number of bits n.
It tries every possible division between code and data, every possible ordering of execution blocks,
and every possible interpretation of the bit strings.

Since there are n bits, there exist 2" possible static configurations. By exploring every possible
traversal and interpretation of these bits, the machine eventually exhausts the space of every pos-
sible program that can be encoded within that finite information. Among this enormous space,
most configurations produce nothing but high-entropy noise. However, a tiny subset will produce
coherent structures—including stable geometries, consistent physical laws, and conscious observers
like Alice.

In this picture, there is no need for an external “reader” or simulator. The universe is self-contained:
all possible interpretations and observers exist simply as different ways the same information can
be organized and traversed.

One might object that this process still depends on an external clock to drive the mutations. How-
ever, this objection is easily overcome: the “clock” itself is internalized. By making the temporal
counter a variable within the data rather than a pulse from the hardware, the entire construction
becomes self-contained. Omnce the clock is moved inside the system, the machine ceases to be a
running process and becomes a static “block universe.”

In set-theoretic language, we simply embed the computer and the software into a super-set of both.
What remains is a static set, where “running” is merely a specific internal structure that supports
the 77 developed in the previous chapter.

This self-mutating computer provides the bridge to understanding how entire universes—complete
with conscious beings experiencing the flow of time and the reality of pain and joy—arise purely
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from static information without the need for outside intervention or a pre-existing flow of time.

21.3 Physics Supporting an Informationally Static, Timeless Uni-
verse

The Wheeler-DeWitt Equation & The Problem of Time: In quantum cosmology, applying
the Schrédinger equation to the universe as a whole yields H|¥) = 0. The global wave function of
the universe is completely static; fundamental time does not exist.

The Block Universe of General Relativity: Einstein’s relativity eliminates a universal "now.”
Past, present, and future are merely geometric coordinates within a static four-dimensional space-
time block, rather than events being created or destroyed.

Quantum Unitarity and Information Conservation: Quantum evolution is strictly unitary
(UTU = 1), meaning the total information of a closed system is preserved perfectly. The mod-
ern resolution to the Black Hole Information Paradox (via the Holographic Principle/AdS-CFT)
reaffirms that information can never be destroyed or truly created.

Time-Symmetry of Fundamental Laws: The core microscopic equations of physics (New-
tonian, Maxwellian, Einsteinian, and Quantum) are time-reversal invariant (7-symmetric). The
direction of time is a macroscopic, thermodynamic illusion, not a fundamental property of matter.

Emergent Time via Entanglement (Page-Wootters Mechanism): Modern quantum me-
chanics demonstrates that a globally static universe can give rise to the perception of time locally.
“Time” emerges purely as a statistical correlation between an entangled observer (Alice) and her
environment.

The Feynman Path Integral Formulation: Quantum mechanics relies on summing over all
possible histories simultaneously. In an information-first framework, this implies that all observer-
compatible continuations (I'p) exist statically, with probabilities determined by their constraints
rather than a chronological unfolding.

21.4 The Combinatorial Argument

The above self-mutating computer thought experiment, while intuitive, is actually unnecessary.
The existence of all possible observers follows directly from combinatorics, with no process, no
mutation rule, and no external reader required.

From the 77, a conscious observer such as Alice is fully encodable as a finite bitstring of length k.
Now consider the complete set of all bitstrings of length N, where N > k. This set contains 2V
elements. By elementary combinatorics, every possible bitstring of length k appears as a substring
within this set. Alice is therefore guaranteed to exist within it—mnot as a consequence of any
generative process, but as a straightforward consequence of the structure of the set itself.

No simulation needs to be initiated. No computer needs to be powered on. The question “but
who is running it?” has no more purchase here than the question “who is running the number
seven?” The number seven does not require a specific piece of chalk on a specific blackboard to
exist. Similarly, Alice does not require a specific physical process to instantiate her. The bitstring
encoding her conscious experience exists as a mathematical object, and its existence is independent
of any physical representation or computational process.
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A computer running a DNA simulation is one particular physical representation of a structure that
exists independently of it, just as a mark on a blackboard is one particular physical representation
of the number seven.

The set of all bitstrings of length N is therefore not merely a space of potential observers. It is a
space in which all observers whose encoding fits within N bits are already present, including every
possible Alice, every possible universe she could inhabit, and every possible experience she could
have within it.

21.5 Conclusion: Time as a Representational Gauge

Together, these thought experiments illustrate a profound structural truth: any external fea-
ture—including a clock, a CPU, or time itself—can be entirely internalized by embedding it within
a joint system.

This internalization completely reframes the physics of time. In modern quantum cosmology, this is
modeled by the Page-Wootters [page1983clock| mechanism, which demonstrates that the global
universe can be completely static, while time emerges purely as a relational correlation between an
internalized clock subsystem and the rest of the system’s states.

We can push this realization to its logical conclusion:

1. The Totality is Timeless: The Static Informational Totality (U) does not execute, run,
or tick. It is a timeless, static ensemble of raw, uninterpreted configurations (2%).

2. Time is an Interpretive Slice: The “flow of time” is not a fundamental property of the
bits. It is part of the interpretive framework selected by the observer to achieve maximal
relational compression.

3. Temporal Order is Gauge-Dependent: Just as an 8-bit word can be read as LSB or
MSB, a static execution trace can be permuted or read in any direction. The choice of which
internal variable serves as the “clock parameter” A is a representational choice. Time is
therefore a gauge choice, and the apparent dynamics of the universe are gauge-dependent.

What we call “the passage of time” is the structure discovered by an intelligent observer within a
static block of information.

The clock does not drive the universe; the clock and the universe are entangled readings of the
same information.



Chapter 22

The Nature of Virtual Universes

22.1 Common Sense

Particles, the flow of time—everything, in fact—emerge as patterns within white noise. That white
noise is abstract information. Without any physical interpretation attached to it—without apples,
bananas, or electrons—such structures are purely abstract.

At first glance, this sounds preposterous. How could anything real arise from something so in-
tangible? Common sense rebels against the very idea. Reality, surely, must be made of solid
stuff.

Yet our intuitions have been wrong before. Matter appears continuous, but quantum mechanics
tells us otherwise. The wavefunction that explains most of what we observe in the micro cosmos
if entirely abstract construction. The spacetime in GR is entirely abstract. Our best theories of
physics are full of abstract structures.

In fact, the notion of a universe emerging from pure information is not nearly as alien as it first
appears. Anyone who has spent time exploring a modern three-dimensional video game has already
encountered a miniature version of exactly this phenomenon.

Consider a realistic first-person shooter. The world feels rich and concrete: buildings cast long
shadows, bullets ricochet off surfaces, and blood splatters everywhere. Soldiers sprint, dive for cover,
and react to their chaotic surroundings. To the player, the environment feels spatial, dynamic...
and almost tangible.

But inside the computer, none of this exists physically. There are no actual walls, no genuine
explosions, and certainly no flesh-and-blood soldiers. The entire world consists only of mathematical
relationships—arrays of numbers, differential equations, algorithms, and state transitions executed
billions of times per second. The soldiers are not little creatures hiding inside the hardware. They
are informational patterns instantiated by computation.

Today’s virtual soldiers are of course crude approximations of their real world counterparts. Their
bodies are polygonal shells wrapped in textures. Their intelligence is simplistic, driven by current
Al technology. Their inner lives, if one can call them that, are nonexistent. But this is merely a
limitation of current technology, not a limitation of principle.

Imagine continuing the process. Increase the geometric fidelity until every cell is represented.
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Simulate the chemistry of each synapse. Model every neuron in a brain—roughly one hundred
billion of them—along with the trillions of connections between them.

A virtual human would then differ from us only in numbers. The DNA would operate based on
the same laws of physics, and result the same macroscopic structures in both. Philosophically, the
leap is not nearly as large as it first appears.

The idea that reality might itself be a informational abstract structure is therefore not mystical
nonsense. It is simply the ultimate extrapolation of a principle we already exploit every time we
launch a game.

22.2 Consciousness as Abstract Soul

This forces us to reconsider our earlier conclusions about souls.

Many find it difficult to believe in soul, let alone God, Heaven, or Hell because the concepts seem
to defy common sense. How could a rational mind be expected to believe in something as absurd
as realms that can neither be touched, weighed, or photographed? How could such invisible,
unobservable places possibly exist?

Now, these ideas no longer feel quite so impossible. The fact that a human being is an implemen-
tation of an axiomatic system—and as such, can be simulated to create virtual counterparts—may,
surprisingly, save the concept of soul and maybe even God.

The simulated universes we create with our computers are precisely what one might expect Heaven
and Hell to be. They are worlds that cannot be physically touched by us, yet they would be
indisputably real for the simulated consciousnesses living within them. What previously appeared
to conflict with science is suddenly consistent with it.

Controversially, soul, God, Heaven and Hell can exist precisely because the Church-Turing thesis
holds, the four initial axioms hold, and we reject all unexplained metaphysical or supernatural
agents in favor of a computational reality.

Heaven like abstract, virtual places are no longer contradicting physics - surprisingly, they are
predicted by physics.

22.3 Virtual Souls

What might God say about us running DNA simulations?

What if our simulation suddenly crashed due to a ”division by zero” exception, destroying the
entire simulated universe? What would happen to those souls?

Would God accept simulated souls into His heaven? If so, Heaven would be filled with all sorts of
souls, both ”original” and simulated. If not, God would be discriminating against souls based on
their origin—even if, as axiomatic systems, the two souls were identical. God surely isn’t a racist!

In the future, computers will likely be powerful enough to run these DNA simulations on personal
home computers. These low-budget, buggy simulations might generate ”crippled” virtual humans.
Irresponsible companies might find it cheaper to use loads of simulated people to test toxic drugs.
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This would create an enormous amount of new suffering in the universe. Virtual sin would be
inevitable. Would God send those sinful virtual souls to Hell? Would He hold the people running
these simulations responsible for this extra suffering? Should people making ”suffering software”
be punished? Should we put them in jail? Would God send them to Hell?

22.4 Precision Problems

According to quantum mechanics, there is a fundamental uncertainty built into the universe. Fur-
thermore, we cannot solve all equations with total precision. In practice, floating-point accuracy
and available hardware resources limit how accurately we can simulate physical processes. Corre-
spondingly, virtual humans would not be exact copies of their real-world counterparts. They might
not have a soul.

Would this save God from the trouble of dealing with virtual souls?

Rounding errors might explain a few missing teeth, or perhaps cellulite, but it is difficult to see how
the deep nature of consciousness could lurk behind simple rounding errors. Nature itself suffers
from precision issues in the form of Heisenberg’s Uncertainty Principle. How much freedom does
the macroworld, built on top of a random microworld, actually have?

Recall the hourclass example; granular material flowing in a gravitational field. Each grain falls
without individual predictability. If one compared two such piles, the microstructure would be
totally different; not a single grain would match in size or position. Yet, the piles redistribute
themselves in a way that is essentially predictable.

Or consider identical twins. Despite radiation and other disturbances affecting their genomes from
day one, they end up looking alike, even if they grow up in different cultures. The fundamental
uncertainty in nature does not prevent us from building Turing Machines with precise, deterministic
operations. Fully deterministic systems can run on top of genuine indeterminism without a trace
of randomness.

So, it seems inevitable that, sooner or later, simulated fellows will be created by reckless humans.
Those simulated humans might hit the "hard problem of consciousness” and conclude they must
have a soul because bits and bytes cannot seemingly explain their experience. If floating-point
errors result in crippled simulations living in terrible pain, there would be no God to answer their
prayers. It was just a crappy computer they were living in—a computer that could break down at
any second.

22.5 Motivation of Heaven and Hell

In addition to creating simulated universes, perhaps a programmer should also implement the
concept of Heaven. One could tell these simulated fellows that their hardship is temporary because
the next software version (Heaven v1.1) is ready to run. This would bring hope to the hearts of
social, friendly simulated beings living in unreliable, low-cost hardware.

Why on earth did God create Heaven and Hell in the first place? Why implement Hell at all? Why
not just let simulated persons live in a state of constant joy?

Perhaps even God did not know the equation of consciousness! He worked out his own genome and
created simulated copies of himself in an universal turing machine—us.
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Let us imagine a thought-experimental God with a group of newly created humans. God wants
them to behave nicely. He asks them not to eat the bad apples. Damn, they eat them all. So, God
sends his son down to Earth to die for them.

This behavior is not necessarily what one would expect from an omnipotent deity. Why send a
son to spread word of punishment? Why not just have a face-to-face chat with the troublemakers?
Was God afraid that these fellows could actually hurt Him? Maybe God is also sensitive to pain.
To avoid the risk of suffering Himself, He sends his son. This does not sound like the behavior of
an exalted, moral creature.

Or, was Jesus a sort of "software patch” for a poorly tested first release? Perhaps God worried
that, with our extreme individualism, we wouldn’t survive the next millennium. He sent a message
that we should put individual needs aside and be kind to one another; our social lifestyle is the key
to our survival.

In Genesis, God told man to subdue the earth. In this, humans have succeeded. We have cleared
forests, polluted oceans, and established dominion to the point where many species are extinct.

22.6 God as Axiomatic System

Why not create humans to properly believe in God from the start? If things went accidentally
wrong for an omnipotent creature, it suggests he wasn’t truly omnipotent—or that He is bound by
the laws of logic. This implies that God, too, might be an implementation of an axiomatic system.

22.7 Free Will

God might have a reason not to create sin-free humans. If we did exactly as ordered, we would
be nothing but dumb database software programs following pre-programmed logic, without any
chance to choose otherwise. God surely aimed higher than creating simple Turing machines.

However, there is a problem with free will. It is difficult to see how the laws of physics would admit
it. In fact, scientific studies show the brain preparing for a decision a few hundred milliseconds
before we become consciously aware of it. These have been concluded to disprove free will. But
do they? Don’t they merely demonstrate that the brain needs processing time to navigate from
one configuration to another? The subconscious “pre-processing” is just the machinery doing its
housekeeping before the conscious pattern lights up on that particular path. Free will with a few
milliseconds of backstage work is still free will; it’s simply free will running on real hardware instead
of magic.

If our four axioms hold, then the universe is a static set of all possible informational configurations
— the full 2" possibilities existing simultaneously and timelessly. In this picture, free will isn’t
about magically breaking causality or violating the laws of physics. It’s about the sheer richness of
the configurations that conscious patterns can traverse and experience internally. Different choices
correspond to different paths through this enormous space of possibilities. The “decision” feels free
because the conscious observer only ever experiences one slice at a time, never seeing the entire
static ensemble at once.

Without any metaphysical or non-physical ingredients, it is difficult to see how our sense of free
will could emerge any other way.
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22.8 Why did God Create Us?

One might expect the central religious texts to provide a clear answer to perhaps the most important
theological question of all: why did God create humans in the first place?

The Bible offers hints, but no single explicit explanation. In Genesis, humans are described as
created in God’s image and instructed to exercise dominion over creation. KElsewhere, theologi-
cal traditions infer that humans exist to glorify God, to enter into relationship with Him, or to
participate in a divine moral project.

Yet these descriptions explain more what humans are supposed to do than why a perfect deity would
create anything at all.

Why create beings capable of suffering, rebellion, confusion, and eternal punishment? Why not
create conscious creatures already aligned with God’s will? If God is complete, omnipotent, and
lacking nothing, what motivation could creation possibly satisfy?

A common answer is love: God created because God is love. But this raises further questions. As
we humans understand it, love normally implies relationship, expression, or companionship. Was
creation an act of overflowing generosity, an artistic impulse, a moral experiment, or simply divine
loneliness?

The Bible never states this directly. For a question so fundamental to the logic of monotheism, the
motivation of creation remains surprisingly underdetermined.

22.9 The Master Plan of God

What does God want us to become then? Thankfully, it seems He wants us to be social and
friendly—not just disposable cannon fodder in His army, fighting in Cosmological World War III.

If he isn’t developing a ”super-warrior” race, then perhaps God was simply lonely. He needed good
company—creatures whose intelligence matches His own, who are amusing to chat with, and who
choose to be friendly rather than being programmed to be so.

Because of this, God had no choice but to give humans free will. He made them responsible for their
actions. Humans used that free will instantly. Wrong apples got eaten, and sin was made. God
then sent His son to demonstrate the correct way of living and warn of the forthcoming punishment:
Hell.

Perhaps even God didn’t know how to write conscious software from scratch. Maybe He did what
any clever programmer would do: digitized His own “genome,” spun up copies in a vast universal
Turing machine, and let them evolve. If that’s the case, the messy business of free will, suffering,
and redemption starts to look less like divine caprice and more like the inevitable side effects of
wanting companions who are genuinely interesting — creatures intelligent enough to converse with,
friendly enough not to torture their creator the moment they’re given the keys, and free enough to
choose kindness rather than being hardcoded for it. Even God, it seems, might have been lonely.

This could explain the motivation for heaven. Evolution has its unfortunate side effects. Some
simulated souls were born with serious ilnesses. Some would use their free will, some for good,
some for bad. All this would inevitable cause suffering.

In case these simulated objects ended up wondering why they had to suffer so much, God might
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not dare tell them the truth. The truth being that he, as the only God, was so lonely and needed
good company. Those poor souls had to evolve in the simulation to get some good enough company
created for himself. Not even God knew how to write conscious software!

By good company God means creatures whose intelligence matches his own. Creatures amusing
enough to chat with, yet friendly enough not ending up torturing God as soon he sets them free.

Creatures that choose to be friendly rather than being programmed friendly.

22.10 Why Hell?

The concept of heaven and hell also matches loosely a typical IT software project, with limited
budget and resources.

To keep the simulated humans in order God tells (lies) them that suffering was necessary for the
reasons they would newer be able to understand.

The truth might be that it’s a mess in "Heaven.” Underpaid, unmotivated angels wrote buggy
software, and the project is behind schedule due to a cosmological recession. The plan is to release
the software now, run daily backups, and eventually migrate everyone to the fully tested ” Heaven”
version. All systems would then be restored from their backups, and the software would finally
work properly. Damn the marketing department, always promising too much too soon.

The trouble with this theory is that it wouldn’t explain the purpose of Hell. Why can’t God simply
acquire those good souls, and erase the bad ones? Why do bad souls have to suffer eternal pain?
Isn’t it a bit too big penalty for a poor mortal human that just happened to take a few too many
beers, because his father was an alchoholic?

There is a law of physics saying that information cannot be lost nor created, only transformed.
Maybe souls, once created, are something that cannot be disposed. Once the information is arranged
to describe a conscious soul it remains, forever.

Bad souls would be hazardous waste.
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Free Will

23.1 Code with Free Will

If DNA is the blueprint of life and the operation of DNA can be described with axiomatic systems,
then everything in humans must be axiomatic by nature. Therefore, according to the Church-Turing
thesis, we humans can be simulated in a computer.

Computers in general are deterministic systems that do not necessarily exhibit truly random be-
havior. Even the random value generator in computers is based on deterministic logic, generating
values that only appear to be random.

It appears evident that such a deterministic system cannot possess free will as we understand it.
Turing machines running the DNA simulation are bound to follow their logic without the ability

to make alternative choices.

This implies that the individuals within the simulated universe cannot possess free will either. They
are constrained to behave according to the programming of the Turing Machine.

Consider the following piece of code:

if (a < 3) {
} else {
}

How much free will does the code give to Alice? Apparently, zero.

Regardless of how much pain Alice feels, or how deterministic she is in her reasoning, the computer
running the code does not care about Alice’s feelings. It is bound to run the code without any
ability to choose otherwise. Alice’s feelings cannot change the hard-coded threshold ‘3¢, or the
comparison logic built into the CPU, any more than we can make 2 + 2 equal anything other than
4.
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23.2 Random Indeterministic Systems

Nothing prevents us from implementing a truly random generator. According to Quantum Mechan-
ics, there is genuine randomness inherent in nature, which we can potentially leverage to create a
truly indeterministic random generator. Could such a computer then grant simulated individuals
free will?

Let us consider a person who is contemplating whether to turn left or not. Suddenly, a completely
unexpected and indeterministic event takes place, such as a high-energy particle burst emitted by
the sun. A few particles manage to pass through certain critical brain cells, impacting the person’s
decision-making process in a genuinely unpredictable manner. As a result, instead of turning left,
the person decides to move forward.

Did such a random, unpredictable event introduce something like free will?

The person had no control over the distant particle burst, nor the way it affected their decision-
making. The person would therefore have no more free will with this random event than without
it!

The only effect of the random event was that the person made a decision that had nothing to do
with the current situation they were facing. The decision they made was based on irrelevant data.

Instead of establishing free will, the person just made a decision that was not based on their own
reasoning.

In the above thought experiment, this random behavior might not matter too much. One might
think that such a loss of predictability due to a random event is harmless and simply adds more
variety to life.

But let’s consider a scenario where a person’s life is at stake. In such a life-threatening situation,
the person’s ability to make decisions based on relevant data becomes crucial. If an unexpected
random event disrupts their logical decision-making process, free will becomes the least of their
concerns. We certainly wouldn’t want to define free will as something that only applies in trivial
matters that do not really matter. Our existence relies on our ability to make valid decisions guided
by relevant data.

23.3 The Non-Computable Alternative

If we accept that both determinism and randomness fail to provide a substrate for free will, we are
left with a vacuum. This is where Roger Penrose’s proposal becomes relevant. Penrose argues that
consciousness—and by extension, the ”choice” involved in it—is non-computable.

He suggests that the brain does not merely run a DNA-based algorithm, but taps into a level
of physics that is neither deterministic in the classical sense nor random in the quantum sense.
According to the Orchestrated Objective Reduction (Orch-OR) theory, the collapse of quantum
states in neuronal microtubules is a physical event that follows a logic beyond the reach of any
Turing Machine.

Does an averange software developer follow this?

Honest assesment; I don’t.
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23.4 Cognitive Architecture as Code

We often view programming languages as alien, technical constructs, but they are actually mirrors
of our own cognitive architecture. When we write a conditional statement, we are simply formalizing
the way we navigate reality. For example: If my car is low on gasoline, and I am too busy to fill it
up, then call a cab.

if (self.not_enough_gasoline && self.not_enough_time) {
action = self.call_a_cab();

¥

Our "reasoning” is a 1-1 analogy to the operations of a computer. Programming languages did
not emerge as an arbitrary invention; they were developed to reflect the way we think and make
decisions.

However, this leads us back to the deterministic wall. If our decision-making is a mirror of this
code, then the ”choice” to call a cab is an illusion. The outcome was pre-ordained the moment
the variables not_enough_gasoline and not_enough_time were set to true. Alice did not "decide”
anything; she simply reached the only logical exit point of the algorithm.

23.5 Consciousness in Static Timeless Universe

If our four axioms hold, the universe isn’t a single deterministic movie playing forward in exter-
nal time. It’s the complete static library of all 2™ possible informational configurations, existing
timelessly — as we proved in Paper I by gradually turning code into pure data.

And as we demonstrated in the 7?7 Alice is an equivalence class - huge number of different micro-
states can yield essentially the same Alice. The video doesn’t change - Alice does exactly the same
moves regardless her entropy.

23.6 Conclusion

We use language to describe our 'choices,” but language itself is an axiomatic system. Whether we
speak in English or C+4, we are merely describing the rails upon which our thoughts are forced
to run.

If our decision is not affected by indeterministic events, then our decision-making is based on pure
deterministic logic. Otherwise, our decision is based on phenomena we have no control over.

Neither of the two cases demonstrates free will as we usually understand it.

The only logical conclusion is that allowing random events to influence our decision-making does
not introduce anything resembling free will, but rather hampers our logical decision-making process.
Instead of working out the decision based on our own logic, we effectively let the coin decide.

It seems we do not possess the freedom to choose when to commit a sin and when to compensate
by praying. Every conscious decision we make is based on logical reasoning, where 2 + 2 always
results in 4.

Either we are missing something, or as with computer software, we are bound to follow our logic
without the ability to choose otherwise.
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Chapter 24

The Problem of Being Inside the
System

24.1 The Internal Perspective

Physics has a fundamental problem: we are trying to describe a system from the inside.

At least, it certainly appears that way. We seem to live in a vast geometric space in which we are
small. In the language of set theory, we are the small subset O attempting to map the superset U.

Universe

(Superset)

OcU

Figure 24.1: The problem of internal perspective: O is a subset of U.

Because we are embedded within reality, we cannot help but perceive it through a human lens. We
experience “time” as a flow and “matter” as solid, yet it now appears increasingly likely that these
are artifacts of our vantage point. This makes it extraordinarily difficult to distinguish between a
fundamental law of nature and a mere byproduct of perspective. We are not external spectators
watching a machine; we are observers whose own bodies are being ground between its gears.

The intuition that we are mere subsets of the universe feels correct. We want to believe that the
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cosmos would exist exactly as it is even if we had never appeared. It feels almost arrogant to
suggest that our thin layer of gray matter could play any role in the fundamental existence of the
stars.

Even if the universe exists independently of us, our description of it—the physics we write down—is
entirely filtered through our internal perspective. We are trapped inside.

24.2 The Method: Escaping the Trap

If our conclusions from the previous chapters hold, there is a remarkable way out of this trap.

If the four axioms presented in Chapter 7?7 hold—that DNA is made of ordinary matter, humans are
implementations of axiomatic systems, physical processes are Turing-computable, and subjective
experiences like pain have measurable physical consequences—then humans and the universe are
not made of mysterious, uncomputable “magic,” but of abstract information.

This allows us to turn the internal-perspective problem on its head.

If we are abstract information, and the medium does not matter, then an axiomatic system can be
instantiated on a sheet of paper, in a human brain, or on a silicon chip.

We do not truly know what time is—likely because we are submerged within it. However, while
the essence of time remains elusive, its logic is something we can simulate.

Whatever mystery we fail to grasp about the flow of time or the feeling of pain would have to be
present within the machine running the code. We may not fully understand the cosmos, but we
fully understand computers.

By moving the mystery into a block of silicon, we transform a metaphysical puzzle into a debuggable
program. Instead of looking at the universe from the inside, we can look at it from the outside.



Chapter 25

Black Holes: From Something to
Nothing

Let us test the consequences of treating a simulated system and its simulator as two perspectives
of the same underlying information. Under this framework, a computer running a simulation and
the simulated universe itself are simply dual descriptions of a single informational structure.

If this equivalence holds, what insight does it offer into the most bizarre and pathological object in
our universe—one that classical physics still fails to fully comprehend?

The black hole singularity.

According to General Relativity, all matter crossing the event horizon eventually collapses into a
point of zero spatial volume and infinite density. An entire star—millions or even billions of times
more massive than the Earth—is compressed into a region of vanishing volume. This description
profoundly strains physical intuition.

By constructing a black hole simulation and treating the program execution and the emergent
spacetime geometry as equivalent informational states, we can gain an entirely new perspective on
these pathological points in classical geometry.

25.1 The Execution Trace as Spacetime

Computers are deterministic state machines. Each executed CPU instruction drives the system from
one discrete state to the next. In software engineering, an execution trace is the chronological
record of this state trajectory. If the source code represents the laws of physics, the execution trace
is the complete spacetime history of the universe it generates.

25.2 The Simulation of Gravitational Collapse

Consider a simulation tracking a massive, spherical dust cloud as it collapses under its own gravity
to form a black hole. In computational practice, we cannot run such a simulation to its absolute
mathematical conclusion. As the collapse approaches its final state, the software inevitably crashes.

This failure is driven by two factors: the fundamental breakdown of the classical Einstein field
equations and the inherent limitations of our digital floating-point tools. Long before the physi-
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cal singularity is reached, the execution trace is overwhelmed by division-by-zero exceptions and
numerical infinities that instantly exceed the bit-width precision of the system’s hardware.

General Relativity predicts singularities, but its smooth, continuous geometry lacks the toolkit to
describe them. However, because General Relativity is fundamentally a theory of geometry, the
ultimate nature of this computational breakdown must be geometric.

In our simulation, each dust particle and every discrete coordinate of the spacetime fabric maps to a
unique sequence of memory bits. Together, these elements form a continuous bitstring representing
successive temporal slices of the spatial configuration.

Initially, the bitstring encoding the highly disordered dust cloud possesses maximum entropy and
high descriptive complexity:

00100101011110101010101001010100101010101010101001001001110101010010100101010. ..

As the simulation evolves toward a black hole, an extraordinary inversion occurs. While the global
thermodynamic entropy of the system satisfies cosmological bounds, the informational entropy (the
Kolmogorov complexity) of the bitstring encoding the spatial geometry radically decreases. The
geometric configurations become increasingly uniform, uniformized, and redundant:

0001000010000010010001000000001000100000000000001000010000000010000000100010000. . .
0001001000000000010000000000000010000010000000001000000000000000000100000000001 . . .
0000001000000000000000000000001000000000000000000000100001000000000000000000100. . .

[hardware exception: division by zero / arithmetic overflow]

Even though numerical instabilities prevent the machine from registering the final state, the tra-
jectory is mathematically clear. By extrapolating the trend of the execution trace, we arrive at a
definitive conclusion:

Principle 25.2.1: The Singularity Inversion

The classical black hole singularity corresponds to a state of absolute zero informational
entropy.

25.3 Conclusion: The Exhaustion of Information

In classical physics, gravitational curvature diverges to infinity because physical geodesics converge
to a point. However, our informational framework suggests that this infinity is merely a artifact of an
exhausted descriptive framework—analogous to the mathematical divergence of surface derivatives
when evaluating coordinates at the exact North Pole of a smooth sphere.

Remarkably, this zero-entropy conclusion is entirely invariant under coordinate choice, representa-
tional mapping, or dimensionality. If you map a zero-entropy bitstring (such as a string consisting
entirely of zeros) back to a geometric interpretation, it can only yield one possible object: a single,
featureless point.

Thus, singularities are not terrifying regions of infinite physical massiveness, but the exact oppo-
site: states of complete informational exhaustion. They are the simplest, most trivial geometric
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Schwarzschild EF (a=0.0) — Trajectories Schwarzschild EF (a=0.0) — Entropy over time

14

0.84
12 4

104 0.7

0.6

Entropy (bits)

0.5+

0.4

T T T T T T T T T
0.0 2.5 5.0 15 10.0 12.5 15.0 17.5 20.0

Figure 25.1: Execution-trace entropy of particles falling into a Schwarzschild black hole.

configurations possible.

Because a zero-entropy bitstring is fundamentally incapable of encoding or describing internal
microstructures—such as the discrete states of incoming particles—it offers a beautiful, elegant
solution to the paradox of the singularity:

The probability of any falling particle actually existing inside the singularity is zero.
The singularity is simply too structurally trivial an object to hold them.

By shifting our perspective from continuous geometry to discrete, self-interpretive information,
one of the greatest mysteries of modern astrophysics is revealed to be the ultimate expression of
simplicity—an elegant baseline of zero data that any software engineer can inherently understand.
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Chapter 26

From Nothing to Something

26.1 The Time-Reversed Black Hole

If an informational entropy collapse corresponds to physical geometric compression, then an increase
in entropy must correspond to geometric unfolding. Under this framework, gravitational collapse
and cosmological expansion are simply two opposite vector directions within the same underlying
informational configuration space.

Instead of simulating a black hole’s collapse and observing how its execution trace entropy ap-
proaches zero, we can invert the arrow of time: we start with a zero-entropy execution trace and
systematically mutate it to introduce information entropy. If our thesis holds, the corresponding
geometric interpretation should unfold from a single point into a virtual, expanding universe.

The Geometric Particle Filter

In our previous black hole simulation, we treated collapsing dust particles as infinitely small, fea-
tureless points. In this inverted simulation, however, we expand our view to track both global
spacetime geometry and its emergent local microstructures.

We initialize an execution trace at absolute zero Shannon entropy to represent the initial cosmo-
logical singularity. We then mutate the execution trace via random bit-flips, steadily increasing its
expected Shannon entropy flip by flip.

To visualize this unfolding state, we introduce a decoding map that assigns subsets of bits to spatial
coordinates, generating a discrete spacetime fabric. Upon this induced geometry, we apply simple,
purely structural filters to identify emergent hierarchies:

¢ Elementary particles: Pairs of spatial points whose mutual separation falls below a critical
threshold e.

e Atoms: Triplets of points forming tight, approximately equilateral spatial configurations.

e Molecules: Bound clusters of atoms whose geometric centers lie within a close separation
threshold.
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The Recursive Pattern Matching Filter

An alternative method for identifying emergent matter is given by recursive bit-pattern detec-
tion. Here, the execution trace itself is treated as a one-dimensional candidate space of particles,
bypassing the need for an explicit geometric mapping.

In this view, elementary particles are defined as short, highly repeated substrings. Composite par-
ticles are formed recursively by concatenating previously stabilized patterns; a composite structure
is recognized if it appears frequently within the execution trace and if its constituent sub-patterns
are already verified particles.

This recursive pattern-matching approach captures the emergence of matter purely from infor-
mational redundancy, independent of any explicit spatial embedding. The structural hierarchy
is constructed strictly bottom-up: from frequent substrings (elementary particles), to composite
concatenations (atoms), to repeated higher-order motifs (molecules).

It should be noted that both of these filters are deliberately minimal and arbitrary. However, they
preserve two key scale-invariant features characteristic of our real universe: (i) the hierarchical
nesting of matter, and (ii) the physical fact that particle sizes do not expand with the universe—only
their mutual distances increase.

26.2 Simulation Results

By counting the number of recursive particles at each successive entropy level, we observe a strik-
ing phase transition. While zero entropy yields absolutely no detectable structures, higher entropy
states give rise to an exponentially growing population of emergent particles whose relative abun-
dances follow a distinctive lognormal-like distribution.

Entropy, Structures, and Spatial Spread Over Time
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Figure 26.1: Structure count vs. entropy. The emergence of informational microstructures follows
a lognormal-like distribution.

The simulation reveals three key properties:

e At zero entropy, the spacetime geometry collapses completely to a single point, and no ele-
mentary particles can exist—this is the informational analogue of the initial singularity.
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e As entropy is introduced, the spatial geometry unfolds exponentially.

e At higher entropy thresholds, elementary particles, atoms, and molecules emerge in cascading
successions, with their cumulative counts tracking a lognormal trend.

26.3 Conclusions and Cosmological Implications

This model sits at the intersection of statistical mechanics, chaos theory, and the Self-Sampling
Assumption of the anthropic principle. By assuming only that entropy increases and that observers
apply structural filters to identify emergent patterns, a surprising number of cosmological properties
emerge natively.

Minimal Assumptions

The model is philosophically appealing because it drastically minimizes metaphysical overhead. If
the structured universe we observe is simply the most statistically probable outcome within an
unguided configuration space, we remove the need for fine-tuned creative mechanisms. It happens
simply because it is mathematically likely to happen. Under this framework, one could define
any arbitrary filter and compute the direct probability for that specific structure to emerge out of
raw noise. This represents a highly compelling, minimalist approach to a foundational Theory of
Everything.

The Lognormal Signature

Across multiple independent mappings, decoding schemes, representations, and threshold choices,
the abundance of emergent structures consistently follows a lognormal distribution.

In physics, lognormal distributions arise generically in systems governed by multiplicative stochastic
processes, where growth proceeds through successive random amplifications rather than additive
increments. This signature is observed throughout our actual universe, dominating phenomena such
as cosmic particle clustering, galaxy mass distributions, biological growth rates, and socio-economic
network hierarchies.

The Fine-Tuning Problem

One of the deepest mysteries in modern science is why the fundamental laws and constants of
physics appear to be meticulously fine-tuned to allow the existence of complex life.

If we model ourselves as one of these emergent substrings waiting to be found within the totality,
where should we expect to locate ourselves? The answer is dictated by measure concentration:
we should find ourselves near the peak of the lognormal curve, where the probability of emergent
structures is highest. From this perspective, the observed regularity, scale hierarchy, and apparent
fine balance of our universe are entirely unsurprising. They are merely the most typical properties
of a populated configuration space.

The Low-Entropy Initial State

The early universe is widely recognized to have inhabited a state of extraordinarily low thermo-
dynamic entropy—a pristine condition that establishes the cosmological arrow of time and drives
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the evolution of macroscopic systems [penrose2010, carroll2010]. Standard physics empha-
sizes that this initial order is essential for the subsequent emergence of structure [hawking1988,
hawking1996nature]|, yet it treats this low-entropy boundary condition as an unexplained, fine-
tuned miracle.

Standard physics often points to the Heisenberg uncertainty principle and primordial quantum
fluctuations to explain away perfect initial order. But doing so assumes the prior existence of
quantum mechanics. What, then, gave rise to quantum mechanics itself?

Our information-theoretic perspective resolves this by treating spacetime geometry as a direct
projection of information maximizing its entropy. An expanding universe and an increasing entropy
budget are not separate phenomena; they are two sides of the exact same coin. Spatial expansion
is merely the geometric translation of statistical relaxation. Our simulations demonstrate that an
initial state of precisely zero entropy naturally gives rise to a rich, expanding, hierarchical reality
without requiring fine-tuned initial parameters.

Inflation

According to standard inflationary cosmology, the universe underwent an expomnential phase of
hyper-expansion during its earliest micro-moments to resolve the flatness and horizon problems.
In our model, this inflationary phase is naturally accounted for: the rapid, initial expansion is the
geometric interpretation of a system relaxing from a state of zero-entropy and evolving towards
equillibrium.

The Informational Source of Gravity

When tracking the total number of emergent motifs, the geometric interpretations of information
do not yield a perfectly uniform, flat spacetime. Symmetries within the bitstrings cause data to
naturally cluster.

These clusters create local entropic gradients, directly biasing the spatial distribution of emergent
structures. This provides a highly intuitive explanation for the fundamental nature of gravity:
structures naturally drift toward regions of higher statistical weight because those configurations
simply contain more available microstates. We do not experience a gravitational "pull” toward a
massive object; rather, we experience a macroscopic statistical drift because there are simply more
ways for our informational structure to exist down there than up here.

26.4 Open Problems and Pathologies

Despite these compelling features, our current exploratory model suffers from several profound
structural flaws.

The Boltzmann Brain Explosion

While complex motifs do emerge within the model, they fail to evolve smoothly along the continuous
geodesics of a stable spacetime.

Instead of yielding elegant spiral galaxies or planets tracing predictable elliptical orbits, our sim-
ulation produces a chaotic, erratic "big-bang”. No smooth General Relativity emerges, and there
is no trace of a coherent, unifying quantum wavefunction. What we observe instead are transient,



26.4. OPEN PROBLEMS AND PATHOLOGIES 125

stochastic fluctuations that disintegrate haphazardly, obeying global statistical gradients rather
than the strict, local regularities of physical law.

This stands in stark contrast to empirical reality: our universe overwhelmingly favors large, lawful,
persistent structures over isolated, chaotic fluctuations.

Figure 26.2: An example of a geometric projection captured at the peak of the lognormal
curve—highly rich in local motifs, yet fundamentally unstable and chaotic.

Limits of the Weak Anthropic Selection

One could attempt to invoke the Weak Anthropic Principle to explain away this chaos, arguing
that we simply find ourselves within one of the incredibly rare, perfectly smooth, and lawful con-
figurations hidden inside the noise because life cannot form within a chaotic explosion.

While this selection effect explains why our observations are conditioned on our survival, it leaves
the framework with virtually zero predictive power. It turns the theory into a tautology rather
than a predictive mathematical framework.
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Arrow of Entropy

Furthermore, we have deliberately start out from perfect order. Why do we find ourselves in a
forward-running arrow of increasing disorder and an expanding universe, rather than a contracting
one?

We may owe our very existence as reasoning agents to this entropic increase. In semi-hostile
environments where structures naturally decay, intelligence functions as a highly specialized local
filter designed to ”fight back” by actively generating local order [prigoginel977self].

Intelligence could not function in a universe with a decreasing entropy budget where systems nat-
urally drift toward perfect order on their own. We sustain our local metabolic loops by consuming
low-entropy fuel—such as the highly ordered structure of a banana—and breaking that order down
into high-entropy waste.

To maintain an identity in a time-reversed, decreasing-entropy universe, our metabolism would
be inverted: instead of eating banana and excreting metabolic waste, we would be forced to eat
metabolic waste from our environment and, through some miracle of reverse-biology excrete low-
entropy bananas.

At least we are exceptionally lucky to live on the side of the entropic curve where breakfast goes
in as order and leaves as waste, rather than the other way around.

The Missing Laws of Physics

If our foundational axioms are correct, an observer like Alice must emerge from this noise. Yet,
our raw statistical simulations fail to capture her. The exact probability that a complex ob-
server—complete with an understanding of Einstein’s field equations, quantum mechanics, and a
continuous, deterministic wavefunction—would spontaneously crystallize out of a purely random
bit-flip mutation is practically zero.

This gap raises fundamental questions. For example, why do we observe that everything at the
smallest scale of the cosmos behaves as a wave? Furthermore, even if we assume that the emergent
microstructures detected by our filters serve as the seeds of matter, why do they exert a gravitational
pull?

Explaining these phenomena within the constraints of the current model is extraordinarily difficult.
Either our fundamental approach is incorrect, or we are missing an essential piece of the puzzle.
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The Observer Filter

27.1 The Mechanics of Probability and Observers as Filters

The most crucial realization from our black hole and big bang simulations lies in the nature of the
"filters” used to detect emergent microstructures.

Given a sufficiently vast sea of raw information and a specific filter, you will inevitably find whatever
that filter is designed to detect.

Let us try to find Alice.

27.1.1 Alice as Coins

Imagine a miniature universe composed entirely of coins. We define the observer Alice not as a
specific piece of metal, but as a structural relationship: any adjacent pair of coins consisting of one
Head and one Tail (HT or TH).

Suppose this universe consists of exactly two coins. We toss them repeatedly to build a statistically
significant dataset to answer a fundamental question: What is the probability that Alice exists?

The sample space of all possible configurations for a two-coin universe contains exactly 22 = 4
states:

Q= {HH,HT, TH, TT}
Out of these four possible ways the universe can be arranged, exactly two configurations (HT and
TH) satisfy our filter for Alice. Therefore, the probability of Alice existing is 50%.
Alice is an equivalence class—a macroscopic identity that remains intact across multiple distinct
microscopic arrangements.
27.1.2 Alice in a 2D Raster Image

Let us scale this logic up to a digital realm. Consider a standard computer monitor displaying
a grid of W x H pixels. If we randomize every pixel, how many unique ways can this screen be
configured to render Alice?
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There are several ways an observer structure can manifest on this digital canvas:
e The entire screen can be utilized to render a single, hyper-high-resolution Alice.

e Alternatively, the screen can be partitioned into four quadrants, displaying four lower-resolution
iterations of Alice simultaneously.

Naturally, there is a lower bound to this scaling. At a certain point, if we split the grid too
many times, the sub-images run out of available pixels. Resolution drops below the threshold of
structural coherence, and Alice is no longer recognizable. For instance, if the screen contains both
Alice and Bob, dropping the resolution too low renders them completely indistinguishable from
one another—the unique informational boundary separating their equivalence classes collapses into
generic noise.

Then What is the probability of Alice finding herself as a single, hyper-high-resolution observer
filling the entire frame of the universe?

The answer is vanishingly small. The state space of a high-resolution universe requires an immense,
highly constrained string of coordinates. By contrast, there are more ways for a pixel grid to form
smaller, lower-resolution, localized structures that still successfully fulfill the minimum criteria for
Alice’s existence.

Therefore, by the laws of pure statistical measure, Alice should expect to find herself in a localized,
minimal-resolution environment—one that possesses just enough fidelity to preserve her essential
predictive and reasoning features, but no more.

27.1.3 The Law of Exponential Emergence: Description Length vs. Probability
But how exactly does the math work out?

Suppose the entire universe consists of a total sequence of n coins.

The total number of possible configurations for this universe is 2™.

Every single specific sequence has the exact same baseline probability of occurring: 1/2".

We define an observer, Alice, and evaluate how her probability of existence changes based on how
much information—how many coins—are strictly required to define her.

Suppose Alice requires every single one of the n coins in the universe to match one exact, hyper-
specific configuration. In this case, only 1 out of the 2" possible universes can host her. Her
probability of existence is:

L _yon

T

P(Alice)
If n is a large number (like the number of particles in a room), this probability is vanishingly small.

Suppose Alice’s structural filter is slightly shorter. Her essential reasoning features can be fully
specified using only n — 1 coins. The final remaining coin is a ”free variable”—it can spin as either
Heads or Tails without disrupting her macrostate. Now, there are 2! = 2 valid configurations that
satisfy the filter. Her probability becomes:
2
P(Alice) = o = 9~(n—1)

By reducing the required description length by just one single bit, the probability of Alice existing
has instantly doubled.
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Taking this to its logical conclusion, suppose Alice can be described with only m coins, leaving the
remaining k coins (where kK = n—m) completely free to fluctuate as random background noise. The
number of configurations that contain this short blueprint is 2*. Her total probability of existence

scales to: N
2 27’1-77'!»
P(Alice) = — =

g = gn 2

The probability that Alice exists then becomes:

P(Alice) =2™
The fewer coins needed to define the rules of Alice’s environment, the higher her probability of
existence grows, and it does so at an exponential rate.
How then to maximize the probability of existence of Alice?

By Compression! Maximally compressed description of Alice yields the highest probability of
existence.

27.2 The Observer as a Decompression Filter

This exponential scaling law forces us to redefine the very nature of the observer’s "filter.” If the
probability of finding oneself in an unguided totality peaks aggressively where description lengths
are minimal, then the best filter cannot be a passive detector of raw data.

To maximize the probability for an observer like Alice to exist, the filter should be maximally
compressible informational pattern of Alice.

27.3 Conclusion

Alice should expect to find herselves inside highly compressed structures.
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Chapter 28

Algorithmic Information Theory
(AIT)

28.1 Introduction: Physics as Computation

Traditionally, physics has viewed the universe through the lens of continuous equations and calcu-
lus. However, our previous thought experiments suggest a radical alternative: the universe is not
composed of physical “stuff” like particles, but of discrete information—bits.

If the laws of physics emerge from bits via decompression, then we landed in the world of compu-
tation and computers. Our most powerful analytical tool is no longer a telescope, but a computer.
Under the Church-Turing Thesis, there is a fundamental equivalence between mathematics and
computation. Whether we use the abstract tape of a Turing machine or the silicon circuits of a
modern PC, the underlying logic remains identical.

There is a theory called Algorithmic Information Theory (AIT), pioneered in the 1960s by Ray
Solomonoff, Andrey Kolmogorov, and Gregory Chaitin. AIT shifts the focus from what a system
1s to the absolute computational work required to describe it.

28.2 Beyond Statistical Information

Traditionally, physics uses Shannon entropy to quantify uncertainty. However, Shannon’s entropy is
strictly a statistical measure: it tells you how surprising a message is relative to a pre-existing prob-
ability distribution of an entire ensemble. It cannot tell anything about the intrinsic information
content of a single, isolated object.

AIT fixes this. Instead of analyzing infinite ensembles, it asks a simple question about individual
objects: what is the shortest computer program that can generate this specific data string?
28.3 Kolmogorov Complexity

The foundational metric of AIT is Kolmogorov complexity. The Kolmogorov complexity K (x) of
a binary string x is defined as the length of the shortest program p that, when executed on a
Universal Turing Machine (UTM) U, outputs = and halts:
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K (x) = min{|p| : U(p) = x}.

Intuitively, K(x) measures the absolute compressibility of an object: A highly ordered struc-
ture—like a crystal lattice—has incredibly low Kolmogorov complexity because a very short pro-
gram can generate it (e.g., “repeat this unit cell N times”). A completely random string cannot
be compressed; it contains no patterns, meaning its shortest description is the string itself.

28.4 Solomonoff Induction and the Universal Prior

The mathematical link between description length and probability finds its ultimate expression in
Solomonoff Induction, formulated by Ray Solomonoff in 1964. While Kolmogorov complexity
quantifies the static information content of an isolated object, Solomonoff induction shifts the focus
to optimal prediction: Given a sequence of observed data, what is the probability of the next bit?

To answer this, Solomonoff formulated the Universal Prior M (z), which assigns a prior proba-
bility to a binary string = based on all possible computer programs running on a Universal Turing
Machine U that can generate it. Formally, the probability of encountering a sequence starting with
x is defined as:

M(z) = Z Pl

p:U(p)=m*

where x represents any arbitrary output sequence that begins with the prefix z, and |p| is the length
of the program p in bits. Because the terms scale exponentially as 271!, the sum is aggressively
dominated by the absolute shortest programs capable of producing the observed data.

This formulation mathematically mirrors our earlier thought experiment from Chapter 7?7. In the
coin-tossed universe, we derived that the probability of an observer’s existence scales strictly with
their minimal description length:

P(Alice) =2™

where m is the length of the macro-structural blueprint.

So it seems what our miniature coin universe demonstrated through intuitive combinatorics is
functionally identical to the foundational premise of the Solomonoff Universal Prior and the Levin—
Chaitin Algorithmic Coding Theorem. By generating microstates uniformly at random, the emer-
gence of any macroscopic structure is governed not by raw chance, but by the absolute brevity of
its compressed description length.

This relationship proves that simplicity, probability, and compressibility are mathematically equiv-
alent. Shorter programs contribute exponentially more statistical weight than longer ones.

This provides an airtight, formal mathematical proof for our coin and pixel thought experiments:
objects with short, elegant, recursive descriptions are exponentially more likely to spontaneously
manifest than chaotic, uncompressible noise.
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28.5 The Failure of Kolmogorov Complexity in Physics

To test the compression idea, let us apply ZIP compression (the closest thing to ideal Kolmogorov)
to our 7?7 big-bang simulations. We run the simulations many times, compress them and then pick
those that compress the best.

What do we see?
Still chaos.
No beautiful spiral galaxies. All simulations still consistently yield chaotic noise.

AIT mathematically guarantees that simple, compressed universes are exponentially more probable
than random ones.

Predictable smooth data compresses best.
So why does our Big Bang simulations still end in a chaotic explosion of Boltzmann noise?

Why don’t realistic physical laws—such as General Relativity or basic planetary motion—spontaneously
crystallize out of minimal description length?

It seems the standard Kolmogorov complexity suffers from two fatal, foundational flaws that prevent
it from being the compression system of the universe:

First, it is discrete. Even small changes in its input may yield big jumps in the compressed file
size. It is difficult to see how any smooth predictable physics emerge based on such a shaky, non-
continuous behavior. How could reasoning, predicting and decision making work in the universe in
which probabilities jump chaotically based on how individual bits happen to be arranged? This is
in strike contradiction with our earlier conclusions (Alice as Equivalence class).

Another problem is that Kolmogorov complexity is not even computable. Due to its reliance on
the halting problem, K (z) is fundamentally uncomputable. There is no algorithm that can take an
arbitrary string and calculate its exact minimal program length. It can only ever estimate upper
bounds - the best possible theoretical compression one can ever hope to achieve with computers.
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Chapter 29

The Deep Nature of Quantum
Mechanics

29.1 Introduction: The Ubiquitous Wave

What is the deep, foundational nature of Quantum Mechanics and its mysterious wavefunction?

At its core, the microscopic building blocks of our universe are astonishingly simple—a small, elegant
set of quantum fields characterized by just a handful of fundamental parameters, yet capable of
producing an enormous expanse of emergent richness.

The complex-valued amplitudes in the wavefunction do all the heavy lifting. Crucial phenomena
such as interference, entanglement, quantum tunneling, and superpositions are not separate arbi-
trary features; they are the mathematical consequences of reality existing within a complex-valued
Hilbert space.

If we temporarily step back from these specific technical features, a deeper, more primitive question
remains: Why does everything at the subatomic level appear to behave like a wave in the first place?

The Movie Analogy

Consider a conventional MPEG-compressed digital movie. Each individual frame is fundamentally
composed of discrete, static pixels. If we were conscious observers made of pixels living entirely
inside such a digital movie, what would we perceive as our ”laws of physics”?

We would observe that our constituent pixels follow mysterious, abstract, yet completely deter-
ministic wave-like patterns across time. To a pixel-physicist, these transitions would look like
fundamental laws. In reality, these patterns are merely the mathematical output of the Discrete
Cosine Transform (DCT) or Fourier transforms—the underlying mathematical tools that MPEG
codecs use to compress raw pixel grids into a maximally dense format for efficient transmission and
storage.

From this informational perspective, the Quantum Mechanical wavefunction is simply an advanced,
complex-valued version of the sinusoidal building blocks used in JPEG or MPEG algorithms. Just as
a spatial Fourier transform spreads concentrated image information across a spectrum of frequency
coefficients, the wavefunction distributes probability amplitudes across basis states in Hilbert space.
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Waves—and complex-valued amplitudes in particular—are exceptionally efficient at densely en-
coding relational information. They produce exactly the kind of spatial smoothness, structural
continuity, and predictive regularity that intelligent observers require to exist and reason.

29.2 The Dithering Analogy

The evolution of the wavefunction itself is entirely deterministic; randomness emerges only when
a macroscopic observer attempts to interpret this smooth, continuous wave in terms of discrete,
localized particles.

Consider a 3D graphics engine rendering a perfectly smooth, analytically defined sphere with an
intended shading intensity of exactly 0.85. If the underlying display hardware is strictly limited
to discrete integer outputs of either 0.8 or 0.9, it lacks the structural resolution to render the true
value directly. To compensate, the software employs dithering—a probabilistic rendering rule that
distributes discrete values across adjacent pixels such that the average intensity across the surface
mathematically approximates the ideal fractional value, smoothing out jagged banding and moiré
patterns.

In this light, a quantum superposition state:
) = a]0.8) + 5/0.9)

can be viewed as nature’s highly advanced, complex-valued implementation of this exact computa-
tional optimization.

Just as digital dithering maximizes perceived visual quality while minimizing hardware memory con-
sumption, the Born Rule allows the universe to maintain a high-fidelity, compressed informational
state within a physical framework operating under strictly limited observables. Quantum mechanics
may simply be the most efficient rendering engine mathematically possible—using complex-valued
probability amplitudes to maximize the fidelity of the universe with a minimal expenditure of
underlying data.

29.3 From Kolmogorov to Spectral Complexity

Kolmogorov complexity provides a theoretical foundation for minimal description lengths. However,
because it relies on the binary halting state of a Turing machine, it is fundamentally discrete,
discontinuous, and uncomputable. It is difficult to see how such a jagged, ”jumpy” informational
measure could smoothly support stable prediction, continuous spacetime geometry, or the gradual
evolutionary reasoning of an intelligent observer.

More importantly, observational evidence suggests that physical systems already possess a natural,
inherent mode of information representation: their decomposition into spectral modes. This
motivates us to replace abstract algorithmic complexity with a physically grounded, continuous
alternative:

Definition 1. Spectral Complexity The total informational cost required to uniquely specify the
amplitudes, frequencies, and phases of the spectral modes composing a physical state.
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Solomonoff Suppression

According to the Solomonoff Prior, the probability P of a given state manifesting is exponentially
inversely proportional to its descriptive length L:

As our previous thought experiments demonstrated, this style of exponential selection operates on
any valid informational measure, not just raw binary code. When we swap out Kolmogorov com-
plexity for Spectral Complexity, high-frequency ”noise” and infinite-mode configurations become
so spectrally expensive that their probability of manifestation instantly vanishes.

In other words, we do not find ourselves in a chaotic, infinitely complex universe because the
information required to describe our macrostate can be arranged far more efficiently as a compressed
wavefunction. The simplest, most highly compressed spectral descriptions of our state possess the
highest statistical measure, and consequently, are the exact states in which we are most likely to
discover ourselves.

29.4 Emergent Order through Spectral Compression

To test the validity of this Compression Hypothesis, we simulated a discrete bitstring starting from
a zero-entropy state and allowed it to evolve toward equilibrium. However, instead of evaluating
it as raw bits, we forced the system to interpret and project the data through a compressed,
complex-valued wavefunction representation.

According to our modified principles of Solomonoff induction, the structural weight of any given
configuration is determined strictly by its compressibility under this spectral filter. Therefore,
the most compressible configurations—those defined by law-like regularity, wave-mechanics, and
geometric symmetry—completely dominate the probability landscape.

The Cost Function

To implement this, we introduce a spectral_complexity() method to our underlying Wavefunc-
tion simulation class. The complexity is determined by measuring the linear resource allocation
required to instantiate and track the state’s constituent modes over a simulation interval. The total
spectral complexity C; of a state W is calculated as the sum of its algorithmic software overhead
and the explicit parameters of its N active modes:

Cs(¥) = Cost(base) + g: |:COSt<¢i) + Cost(4;) + (X;)}
i=1

Where:

e Cost(base): The constant O(1) computational cost of the underlying trigonometric and
mathematical subroutines (e.g., the sin() method). On a system-wide simulation scale, this
baseline overhead is fixed, vanishingly small, and treated as a constant.

e Cost(¢;): The explicit bit-cost of encoding the wave phase. Because phase is strictly bounded
within the periodic interval [0, 2], this is modeled as a small, fixed-width bit cost per active
mode.
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e Cost(A4;): The informational bit-depth required to encode the continuous amplitude.

e w;/Aw: The dominant term of the cost function. This represents the linear resource cost
required to track the mode frequency w; relative to the system’s minimum resolution threshold

Aw.

Approximately, the informational cost scales linearly with the number of active modes multiplied
by their frequency. Crucially, by mapping complexity linearly to frequency, this formulation mirrors
physical thermodynamic systems where energy scales linearly with frequency (E = hw). Under a
Solomonoff induction framework (P o 2_05), this linear cost ensures that increasingly complex,
high-frequency states suffer exponential probability suppression, directly analogous to the physical
Boltzmann distribution (P oc e #F).

It should be noted that this formulation represents our initial candidate for a spectral metric.
While different precise digital encoding schemes are possible depending on how one compresses the
wavefunction, they all fundamentally share a critical mathematical property: they assign a smooth,
continuous cost gradient across neighboring physical states.

Simulation Results

Compared to our initial ”Something out of Nothing” simulations—which lacked a spectral filter and
invariably collapsed into a chaotic explosion of Boltzmann brains—the introduction of the spectral
cost function completely shifted the evolutionary dynamics:

e Emergence of Spacetime Smoothness: The chaotic, high-entropy white noise of the
baseline simulation was instantly suppressed and replaced by smoothly evolving, wave-like
spatial profiles.

e Spontaneous Geometric Symmetry: Symmetric geometric wave packets and highly inter-
connected, net-like structural lattices emerged natively as the most probable, mathematically
dominant outcomes.

¢ Predictability as Measure: The simulation formally confirms that lawful, regular universes
are not fine-tuned anomalies of chance. Instead, they represent the most compressible, data-
efficient, and therefore highly probable configurations existing within a timeless informational
superposition.

These findings strongly indicate that the wave-like nature of our microscopic world is not an inex-
plicable, quirky preference of physics. It is the definitive algorithmic signature of a highly optimized
data-compression scheme.

29.5 Conclusions

By replacing the uncomputable, discrete Kolmogorov metrics of standard AIT with a continuous,
computable framework of Spectral Complexity, we establish an explicit mathematical bridge be-
tween physical structures and informational descriptions. Solomonoff-like induction explains why
we inhabit a predictable, smooth universe governed by strict symmetries rather than existing as
fleeting, chaotic fluctuations: order simply compresses better than chaos.

The wavefunction is not a mysterious physical entity; it is the universal compression algorithm of
reality.
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Figure 29.1: A rendered frame capturing the maximally compressible path through configurations
of increasing informational entropy.

Principle 29.5.1: The Wavefunction Compression Principle (WCP)

The cosmos waves because we are observing compressed structure.
The quantum wavefunction is the universe’s data-compression scheme.

29.6 Proof-of-Concept Videos

e Simulation History 1: Unfolding Smoothness
e Simulation History 2: Emergent Geometric Symmetries

e Simulation History 3: The Connected Lattice Network


https://youtube.com/shorts/sfwz_O_soS4?feature=share
https://youtube.com/shorts/5XYXhmOgiW8
https://youtube.com/shorts/XAMWDg5zX6I
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Chapter 30

The Deep Nature of (General
Relativity

30.1 The Mystery

Microscopic reality appears fundamentally wave-like. But as human observers, we do not inhabit an
abstract, high-dimensional Hilbert space; we inhabit a tangible, three-dimensional geometry. Why?
And more pressingly: why does matter cause this geometry to curve? Accepting the equations of
General Relativity without understanding the deep, underlying reason for this curvature is one of
the most profound frustrations in physics. We are told that mass bends space, but we are rarely
told what space is actually made of such that it can be bent.

The Deep Reason

As Chapter 7?7 demonstrated, a purely geometric interpretation of a random informational system
starting from a state of zero entropy yields the curve

S(t) = Imax - (1 — %),

This curve grows rapidly at early times and flattens out as it approaches maximum saturation
(Imax)- We obtained this curve when starting from the all-zero bitstring and flipping bits randomly,
one by one.

Deriving General Relativity from Information

According to Chapter ??, time is an internal property of observers, and that the universe must
be fundamentally static, timeless and finite. It therefore has to operate on a strict, unyielding bit
budget. What we observe as empty space must emerge from this static finite information — the
execution trace of the computational equivalence.

We define the universe as n bits, giving a total of 2™ possible configurations.

By sorting these configurations into increasing entropy order (the expanding entropy we observe)
via random bit mutations, one obtains a typical thermodynamical system rushing toward full
equilibrium (maximum entropy n).
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Deriving Time. The only meaningful minimal time step in such a system is one bit-flip. The bit-
flip space is natively logarithmic. From thermodynamics we know the system takes nlnn bit-flips
to reach equilibrium and full saturation of entropy. Identifying one bit-flip with the minimum time
resolution (a Planck time unit, ¢p), the total time span is

tspan = nlnn - tp.

The Space Size Function: z(n).

The number of bits also determine the maximum resolution for the spatial dimension of space.

Lsize = 2" . lp.

Deriving the Aspect Ratio of Spacetime

Because the speed of light is ¢ = f—lfz = 1 in natural units, we can relate the physical space size and

the time span using only n and c:

on
Tsize (TL) =

= - ¢+ tspan-
nlnn P

This shows that the spatial dimension (2") scales exponentially relative to the temporal dimension
(nlnn).

By dividing the spatial resolution by the time resolution:

Geometrically, c is the aspect ratio of the universe block.

It is the structural conversion factor between the spatial dimension and the time dimension. Because
this ratio is determined entirely by n, the geometry of the entire spacetime block is locked in place
by the number of bits.

The Number of Bits in the Universe

During its first moments the evolution of the universe the size of the universe increased expo-
nentially. This inflationary period corresponds remarkably well to an expanding thermodynamic
system exploding from a zero entropy state.

During inflation, the universe expanded exponentially with speed measured using e-folds (N ), where
the size of the universe scales by a factor of e!V.

According to the Standard cosmological models inflation lasted for about 1073° seconds. During
the period the universe expanded by at least 60 e-folds, meaning its size multiplied by a factor of

%9 which is roughly 1026,

We can convert this to the aspect ratio—the effective ”speed” or expansion rate of that specific
epoch in SI units:
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AScale  10%
Aspect Ratio (Inflation) = AT(':a - 10_35m =10% m/s
ime s

Plug in the structural aspect ratio (10%!) into the aspect-ratio equation:

2n

_t _q8
nln(n)

108! bits is quite a lot. In binary form, which software developers can better understand:
~ 215.75 bits

And this is just for one dimension. Because the universe we observe has three spatial dimensions
we have to multiply it by three:

The total number of bits in the universe: ~ 647.25 bits

Age of the Universe

A system consisting of 2647 bits can be arranged in 2(2°47) ways.

This is not a number we can write out. It is a 1 followed by roughly 3 x 10%
ZEr0s.

The current estimated number of particles in the visible universe is around
10%°. We would soon run out of atoms.

Simulating such a thermodynamical system would be challenging too. If
we turned every single atom in the universe into a supercomputer, and let
them count configurations from the Big Bang until today, they wouldn’t even

scratch the first decimal place of 210"

If time is a random walk through these configurations, a time resolution of
nlIn(n) where n = 10% gives:

time_resolution = 10°% x 1n(1061) ~ 1.4 x 10°2 Planck times

Because 10°! bits creates an absolutely vast spatial resolution (2'9"), the
denominator (nln(n)) acts as an incredibly tight brake on the system. The
ratio between them—the "speed” or aspect ratio—becomes an unfathomably
large number.
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Reaching Full Equilibrium

In thermodynamics, a system with n bits starting at zero entropy (S = 0)
maximizes its entropy when it has explored the configuration space uniformly.

With 210") possible arrangements, a simple random walk of length nln(n)
means the universe has only explored a microscopic fraction of its total phase
space. It implies that our current universe is still in the absolute infancy of
its journey toward full equilibrium. The "rush” toward heat death is barely
even a single step into an unimaginably vast maze of states.

Gravity: Deviation from Thermodynamical Expansion

Einstein’s de Sitter Vacuum Solution describes exponentially and in-
finitely expanding empty space. When we map linear coordinate time to the
logarithmic bit-flip time of our model, the linear expansion transforms into
our statistical entropy curve. According to general relativity, empty space
behaves as purely thermodynamical system rushing towards full saturation
of entropy.

This naturally maps the event horizon (which expands at the speed of light
in the Einstein manifold) onto a finite horizon of size 2".

However, the universe is not empty space. It consists of matter and energy in
form of particles. We observe electrons, positrons, quards, so called Hadrons
making up matter. Energy takes the form of Bosons - photons, gluons, Higgs,
to name a few. When these are injected into Einstein’s Stress Energy Tensor,
the pure exponentially expanding De Sitter space turns into the currently
observed reasonably expanding universe.

In the cosmic timeline, the pure, unblemished inflatory expansion only lasted
for the opening act. At later times, neutrons, hadrons, and complex mat-
ter structures frozen out of the vacuum, deviating the cosmos from simple
uniform entropic expansion.

If De Sitter is one extreme, then what is the other? It is called a black hole.
It represents the other extreme end of General Relativity.

This naturally maps to another event horizon - the event horizon of a black
hole. According to Berkenstein-Hawking the surface area of a black hole is
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proportional to its entropy. And entropy is a measure of information - a finite
horizon of size 2".

Informational Derivation of the Black Hole Event Horizon

Are we on the right track? Let’s double check.

According to Berkenstein-Hawking theorems, the surface area of a black hole
is proportional to its entropy. And entropy is a measure of information - bits.

So we can use the aspect-ratio hypothesis derived above to bypass Bekenstein-
Hawking’s area formula entirely and derive the physical surface area of a black
hole using the aspect ratio equation.

If a black hole is a localized thermodynamic system with n bits, its physical
dimensions must satisfy the "aspect ratio” rule.

The structural geometry equation for the black hole is:

n2 n

Surface Area (in Planck units) = n(2) =71 2)
nln n

The Bekenstein-Hawking calculates that a solar-mass black hole has an en-
tropy of roughly 107" bits.

If we plug this into our formula:

1077
In(2)

One Planck area is lg ~ 2.61 x 10770 m2,

~ 1.44 x 10”7 Planck areas

Area =

Physical Area = (1.44 x 1077) x (2.61 x 107" m?) ~ 3.76 x 107 m?

A surface area of 3.76 x 10" m? corresponds to a sphere with a radius of about
1.73 km.

In standard astrophysics, a solar-mass black hole has a Schwarzschild radius
of about **3 kilometers** (giving a surface area of roughly 1.1 x 10 m?).
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Our formula gets us to the exact same order of magnitude (107 to 10® square
meters) entirely from a pure, information-theoretic ratio!

It adds up; n’f—; geometry correctly scales the massive information of a black
hole down to its tight, physical boundary without needing to plug in General
Relativity constants like G or c.

We have built a purely digital structural model for a event horizon.

The Dynamic Measuring Tape Illusion

We are not external observers. To understand curvature we must anchor
the observer inside the system, constructed from the very same fluctuating
informational currency she is trying to measure. In such a universe, distances
cannot be gauged with an absolute external metric. Measuring rods must be
built from the emergent structures of the universe itself.

From the outside, the universe would look like a simple informational gas
expanding toward maximum entropy and flattening into a featureless state
— a parabolic saturation curve. But we live inside. Our rulers are made of
quarks, hadrons, and molecular bonds.

As global entropy increases, emergent structures precipitate out of the vac-
uum according to nested log-normal probability distributions. These struc-
tures are not added from outside; they are paid for from the fixed informa-
tional bit budget of the spacetime fabric itself.

Imagine an initial pristine patch of vacuum consisting of exactly 100 space-
fabric tokens. When the first neutron freezes into existence and requires
the informational equivalent of ten tokens, those bits are withdrawn from
the active vacuum. The local spatial resolution instantly drops from 100
to 91. The same relational horizon must now be spanned by fewer tokens,
stretching the background fabric. From the internal observer’s perspective
— whose measuring rod has itself been redefined — space appears to have
contracted locally.

The Shape of the Universe

As established in Paper III, the probability of emergence of structures in
the increasing-entropy walk follows a log-normal distribution. This naturally
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explains the observed evolution in the ACDM model.

The early universe underwent a huge inflationary phase. Shortly afterward,
photons, neutrinos, hadrons, quarks, and electrons emerged. The presence
of matter slows the expansion (as described by GR), leading to the observed
Hubble history. The baflling acceleration curve is explained by the log-normal
probability density of emergent structures.

When the log-normal distribution peaks, the creation of complex matter
structures peaks. Because these structures consume tokens from the finite
entropic budget, the geometry we observe is the relational reflection of this
balance. Early on, the rapid conversion of vacuum tokens into matter puts
a statistical brake on perceived expansion. Later, as the log-normal tail de-
cays, complex structures gradually dissolve, releasing tokens back into the
vacuum. The local metric loosens. To an internal observer with a shrinking
matter-based ruler, space appears to accelerate outward.

This framework also reinterprets cosmic heat death informationally: in the
deep future, as the log-normal tails flatten toward zero, the probability of sta-
ble matter fades. All borrowed bits return to the background pool. The uni-
verse dissolves its structures and returns to pure, unblemished, static space-
time fabric — a simple, beautifully predictable statistical random system.

30.2 Geometry as Compression

Let us recall our hourglass metaphor. There exists an astronomical, near-
infinite number of ways to microscopically arrange individual grains of sand
inside the lower chamber of an hourglass. Yet, despite this massive underlying
microstate entropy, every single one of those chaotic configurations yields the
predictable macroscopic geometric structure: a simple, uniform cone shaped
stack of grains.

The physics of the hourglass acts as a spatial compressor - it compresses
billions of independent, messy degrees of freedom into a geometric shape
uniquely described by just a couple of macroscopic variables.

With sufficiently many grains, a small set of macroscopic constraints naturally
generates simple large-scale geometries such as spherical planets.

To scale this logic to its absolute limit: given a 3 4+ 1 dimensional space-
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— = Pure De Sitter Background 5(t)
Dark Matter Density Sink
Hadron Density Sink
Neutrino Density Sink

=== Real Universe Geometry

Figure 30.1: Entropic unconstrained expansion minus emergence of statistical structures

time manifold, what is the highest possible compression efficiency a physical
system could ever theoretically achieve?

The answer is a black hole.

The physics of black hole entropy represents the ultimate geometric data com-
pression routine. One can throw any arbitrary arrangement of matter, infor-
mation, or complex structures into an event horizon—guitars, spaceships, or
burning stars—and the geometry instantly strips away their uncompressed,
high-entropy descriptive overhead. What remains is a perfectly smooth, fea-
tureless region of spacetime governed by the No-Hair Theorem, fully specified
by exactly three macroscopic attributes: mass (M), electric charge (Q), and
angular momentum (J).

If the quantum mechanical wavefunction acts as nature’s spectral compression
system, then what purpose does general relativity serve?
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The answer is geometric compression. Even at the largest cosmological scales,
what we are observing are compressed structures.

Under an information-theoretic framework, the both theories appear to be
compression algorithms optimized for different informational domains, unified
by a single imperative: the minimization of description length.

The Parallel Architectures of QM and GR

Dispite their differences, when evaluated through the lens of compression,
Quantum Mechanics and General Relativity reveal many structural symme-
tries that standard physics treats as mere mathematical coincidences.

In Quantum Mechanics, observables emerge from operators acting on a Hilbert
space. In General Relativity, gravitational structure emerges from invariant
relations encoded in spacetime geometry. In both domains, stable physical
content is defined by structures that survive changes of representation.

Neither theory stores absolute, localized information. Quantum Mechan-
ics explicitly encodes the mathematical relations between measurement out-
comes via complex probability amplitudes. General Relativity explicitly en-
codes the topological relations between events via the metric tensor of a
spacetime manifold. In both systems, absolute, privileged reference frames
are utterly discarded and replaced by pure relational networks.

Both architectures are strongly governed by global constraints. Unitarity in
Quantum Mechanics preserves the conservation of total probability over time.
In General Relativity, the Bianchi identities and the Einstein field equations
tightly constrain how curvature can dynamically evolve.

30.3 Why Two Separate Compressions?

Why should we find ourselves compressed by two separate systems? In terms
of description length, utilizing two entirely different compression algorithms
incurs a higher informational overhead. Why would nature implement two
separate systems when one should suffice? Furthermore, why did nature
favor the geometric framework of general relativity over the spectral domain
of Hilbert space for our macroscopic reality?

As conscious agents, we are fundamentally finite informational structures. We
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cannot exist as diffuse, fluid, overlapping gradients. Observers require stable
subsystem boundaries that preserve their information across time. Based on
real world experience we know that happens if two highly complex, entangled
informational systems were to spatially overlap and mingle their states even
a little. Their internal data organization would instantly disrupt, causing
immediate decoherence and a catastrophic loss of structural identity. Just
dip your little toe into an acid - the consequences are catastropic.

To maintain informaitonal boundaries within a high-dimensional, fully entan-
gled Hilbert space is computationally devastating, requiring an unsustainable
expenditure of information.

However, boundaries can be defined very economically within a low-dimensional
geometric space. Geometry grants us the gift of locality. It establishes the
rigid, clear distinction between inside and outside.

30.4 Conclusion

The long-sought unification of physics is not achieved by violently forcing
the linear mathematics of Quantum Mechanics into the non-linear tensors of
General Relativity. Instead, it is achieved through Compressibility.

A purely spectral representation provides no native notion of localized bound-
ary, inside versus outside, or persistent subsystem separation. Observers re-
quire such structures.

We inhabit geometric spacetime because geometry offers exceptionally low
description length for defining informational boundaries.



Chapter 31

The Interpretive Problem

31.1 The Mystery

Suppose we possessed a complete physical description of the universe: the
exact information for every particle state, every quantum amplitude, and the
full spacetime metric.

What is this information fundamentally? In an informational framework, we
may represent it as a bitstring—a raw sequence of binary distinctions.

This introduces a fundamental problem: a raw informational structure does
not announce what it represents. The exact same finite set of bits can be
interpreted as a number, a computation, an entire universe, random noise, or
nothing at all.

31.2 Semantic Nakedness

Consider Alice using a decimal system, motivated by biological convenience
(ten fingers):

2+ 3=0.

Bob, working in a computational environment, adopts binary representation:
e 2 — 109
e 3 — 11
e 5 — 101,
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In binary arithmetic the same relation becomes:

102 + 115 = 1015.

If Alice encountered Bob’s notation without context, she would misinterpret
the symbols. In particular, 10, does not refer to ten. Even the full expression
requires an assumed encoding scheme. Thus, meaning is not intrinsic to the
symbol structure alone, but depends on an interpretive convention.

Symbolic Relativity

The arbitrariness of representation becomes clearer when we replace the digits
entirely. The binary alphabet {0, 1} may be replaced with coin faces {H,T'}:

HT'+HH = HTH.

Operational symbols such as + and — are likewise part of a chosen syntactic
convention, not intrinsic to the underlying relation.

Two’s Complement

In finite digital systems, identical bit patterns admit multiple semantic inter-
pretations. For an 8-bit word:

e 11111111 may represent 255 in unsigned interpretation,
e or —1 in two’s complement representation.

The physical state is identical; only the interpretation differs.

Reading Order and Indexing

Even ordering conventions are not intrinsic. A bitstring such as 001 may
correspond to different values depending on bit significance:

o left-to-right (MSB first): 1,
e right-to-left (LSB first): 4.

These are merely two of the n! possible permutations of bit significance.
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Code as Data

Consider a computer in full physical detail. A memory dump yields only
a finite sequence of bits. The CPU, instruction set, and storage devices are
themselves physically instantiated information structures. At the level of raw
physical state, there is no intrinsic separation between “code” and “data”.
This distinction arises solely through an interpretive layer.

The global state of an n-bit system occupies a configuration space of size
2". Computation, or any other semantics, arises only from relations between
states under a chosen interpretive rule.

31.3 Interpretive Explosion

A raw bitstring does not intrinsically contain logic, syntax, semantics, truth
conditions, or consistency relations. These arise only after selecting an inter-
pretive scheme.

As the number of bits increases, the space of possible interpretations grows
combinatorially. A single finite configuration admits a vast number of syn-
tactically valid decompositions into code/data partitions, memory layouts,
instruction interpretations, and execution histories.

While the state space itself contains only 2" configurations, the number of
possible transition functions is (2")®". For n = 3 bits this is already 8% =
16 777 216. For n = 10 the number has thousands of digits.

This vast explosion of possible interpretive rules implies that neither a “uni-
verse” nor a “computer” can be regarded as fundamental in isolation — the
interpretive rule space grows enormously faster than state space.

31.4 Equivalence Classes - Interpretive Gauge Invariance

Even after an interpretation is assigned, it is not unique. Different inter-
pretive schemes may preserve the same underlying relational structure, as
demonstrated in Chapter ?7.

Physics has long grappled with this exact representational ambiguity, demon-
strating that distinct mathematical formulations can map to identical phys-
ical realities. In mathematical physics, when a physical state remains un-
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Figure 31.1: Within the infinite, silent totality of raw information (U), an explosion of interpretive
frameworks is possible. Observers act as highly selective filters, self-locating inside finite mathe-
matical slices.

changed under a change of local descriptive frameworks, we call that symme-
try a gauge invariance.

Consider a sufficiently large bitstring. Under one interpretation it may ap-
pear as random noise. Under another it may be interpreted as implementing
the relation 2 + 3 = 5, as encoding a mathematical structure, or even as the
informational substrate of an observer. Instruction layouts, memory parti-
tions, addressing schemes, and representational conventions may all vary, yet
certain structural relations can remain invariant across these transformations.

We therefore define:

Interpretive Equivalence Class

Two interpretations belong to the same interpretive equivalence class if
they preserve the same observable relational structure under admissible
transformations.

What ultimately matters is not the precise arrangement of symbols, but the
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invariant relational structure that survives reinterpretation:

information — interpretation — relational structure (invariant)

Because interpretation is not an external reading imposed on a bitstring, but
an internal relation between informational substructures within the same
static informational totality, this relational structure is more primitive than
computation, mathematics, or any particular semantics.

Static Informational Totality [----__
U RN

3 . . >
sqlf-contained in U ~

(Raw Configurations / Set 2%) .

Interpretive Frameworks Observers
(Representational Labels) (Self-Locating Structures)

Observer Classes
(Equivalence Classes + MDL)

— T

Mathematics Relational Time
(Invariant relational patterns) [ Physics|& Laws ] (Page-Wootters style \)

Observation
(Internal discovery)

Figure 31.2: Structure of emergence in the Self-Interpretive Information Principle (SIIP)

For example, when humans interpret the output of a computer monitor, they
rely on an astronomical stack of shared conventions (encoding standards,
pixel geometry, scan order, handedness, row length, etc.). Changing these
conventions can render the identical underlying data unrecognizable or mean-
ingless.

31.5 The Core Thesis

By synthesizing the semantic nakedness of raw data with the mathematical
necessity of gauge invariance, we arrive at the foundational thesis of this
framework:
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Principle 31.5.1: Self-Interpretive Information Principle

(SIIP)

The raw informational substrate is semantically silent.
Within this silent substrate exists a vast landscape of possible interpre-
tive frameworks, equivalence classes, and self-locating observers.

Instead of asking, ”Why does this specific universe exist?”, a self-locating
observer asks, ”"Given that all possible configurations exist, which specific
slice of them am I currently observing?”

31.6 The Deep Mystery of Mathematics

The preceding analysis allows us to revisit and resolve Eugene Wigner’s fa-
mous puzzle concerning the "unreasonable effectiveness of mathematics in
the natural sciences.”

The effectiveness is an emergent consequence of data compression.

We find ourselves within a configuration of minimal description, because that
maximizes our probability of existence.

The shortest possible description of observers is one in which observers consist
of the same informational substructures, a concept well known in software
engineering.

We are all made of the same fundamental building blocks.

Consequently, mathematics is unreasonably effective because the interpreters
themselves (observers) are highly unified.

This perspective dissolves Wigner’s paradox. The universe does not need to
be inherently mathematical; it only needs to be rich enough in raw informa-
tion to allow compressed structures to form.

31.7 Conclusion

Mathematics works so well because we are highly unified filters.

Invariant relational structure is fundamental, mathematics is the observer-
discovered description of that structure.



Chapter 32

The Framework of Nearly Everything

We are now in possession of all the pieces of our cosmological puzzle: what
fundamentally exists (ontology), what is typical (measure) and what then
inevitably emerges (the structure).

32.1 The Ontology: What Fundamentally Exists
Undefined Unknown

We do not assume finiteness.

If reality were fundamentally finite, one could immediately ask: finite by how
much? Why n bits rather than n+17 What principle fixed that particular
bound?

Any fixed finite limit appears contingent and therefore calls for a deeper
explanatory layer.

For this reason, we do not posit a fundamentally finite substrate.
We also do not assume information as primitive.

Information presupposes distinguishability. At its simplest, this reduces to
binary distinction: a bit, a difference between alternatives.

But declaring reality to be fundamentally informational or digital is itself a
substantive ontological commitment.

A discrete ontology is conceivable, but so is a continuous one. Nothing prior
licenses choosing one baseline over the other.
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Therefore, we do not presuppose that reality is fundamentally finite, discrete,
informational, mathematical, or governed by prior, external laws.

We denote this unrestricted, pre-interpretive totality (U). We do not claim
to know what it is.

Only that no specific formatting principle is granted ontological privilege a

priori.

The Observer Constraint

Despite radical agnosticism about the substrate, one empirical fact remains
unavoidable: observer exists. Conscious, structured experience exists.

Based on all observational evidence, we as human beings possess a strictly
finite informational structure.

As derived in the Chapter 7?7 information is not an inherent property of
objective reality, but an emergent artifact of observation.

The “bit” is not the fundamental building block of the cosmos; it is emergent
unit of distinction employed by a finite interpreter.

As derived in the Chapter 7?7 the universe is static. Under this view, no
metaphysical signals transmit information from outside to inside observer.

It then follows that every possible experience accessible to an observer must
already be encoded within the total observer structure.

The Guitar String Analogy

To explain how finite discreteness can emerge from infinite an intuitive analog
1s a guitar string.
The string itself is perfectly continuous. It isn’t made of discrete ”tone par-

ticles.”

Discreteness resonant modes emerge from the boundary conditions: when
you pluck it, it can only vibrate at discrete, quantized frequencies (the fun-
damental note, the octave, the third harmonic, etc.),

This is because the string is clamped at both ends! The boundaries force a
continuous medium to manifest discrete states.
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Likewise, a finite observer interacting with an unrestricted reality may in-
duce discrete informational structure without discreteness being ontologically
primitive.

Under algorithmic or Solomonoff-style measures, low-complexity, highly com-
pressible structures dominate typicality:.

Finite observers would therefore be expected to find themselves embedded
within stable, structured, compressible equivalence classes.

This motivates the minimal ontological assumption:

Undefined — Finite Observer

The step remains unexplained. That is an explicit boundary of the theory.
We do not know what the unrestricted undefined totality is.
We assume only that finite observers exist within it.

Because observers are finite, any observer-accessible description can be en-
coded informationally without assuming that the underlying ontology itself
is informational.

Information is not what reality is made of; information is what finite observers
perceive when interacting with an otherwise unrestricted reality.

32.2 Measure: What is Typical

The Initial Assumption: Configuration Space

For formal descriptive purposes, we introduce a finite, static configuration
space:

¢ =1{0,1}"

where each ¢ € C is a complete, static snapshot of bits. Bits play no funda-
mental role; the binary system is chosen just for the sake of convenience.

Each configuration ¢ admits multiple potential descriptions d € D(c). We
quantify the total complexity Ciotai(d) of a description by splitting it into its
dual spectral and geometric representations:

Ototal(d) - Cs(d) + Cg(d)
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The spectral complexity Cs(d) measures the algorithmic bit-cost required to
track the wave-like modes:

Cufd) = 3 [Cost(49) + Cost() + (5.5 )]

1

where the sum runs over active spectral modes, Cost(A;) represents the bit-
depth of the amplitude envelope, Cost(¢;) is the fixed-width register encoding
the periodic phase interval [0, 27], and w;/Aw represents the linear resource
allocation required to track the mode frequency relative to the minimum
resolution threshold Aw.

The geometric complexity term Cy(d) accounts for localized spatial struc-
tures, boundaries, and metric fields.

The Equation of Joint Compressibility

Because the relationship between these two is a many-to-many mapping, any
given observer wavefunction can be interpreted through nearly infinitely many
different geometric spacetime metrics, and conversely, any spacetime manifold
can be decomposed into nearly infinitely many different wavefunctions. This
creates an unimaginably massive configuration space.

In information theory, when a system must be simultaneously validated across
two dual representations, its joint probability is the product of its individual
probabilities.

Therefore, the absolute measure of any emergent physical state (s) within
the totality is given by the Joint Compressibility Equation:

Pjoint(s) = Pspectral(s) X Pgeometric(s) = 2_05(8) X 2_09(5) = 2_(CS(S)+09(S)) (321)

This deceptively simple formula yields a profound variational principle for
a unified framework. Nature minimizes the total description length. The
cosmos is governed by a singular, overarching informational Lagrangian:

Linto = Cs(s) + Cy(s) — Minimum (32.2)
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Neither geometry nor waves are primary; they are equal, co-dependent pro-
jections of a single underlying informational matrix. Our observed reality is
the sweet spot of this joint optimization.

Spacetime is smooth and the quantum world is lawful because this spe-
cific configuration represents the absolute shortest combined code nature can
write.

Induced Measure and Observer Functionals

The raw algorithmic weight of a static configuration c is accumulated across
all its valid descriptions:

W(C) — Z 2_Ctotal(d)
deD(c)
This defines our raw baseline probability distribution over the state space:

W(c)

P(C) - Zc’ec W(C/)

Because Cy(d) maps complexity linearly to frequency, the calculation 2~ Ctew(d)
inside the summation guarantees that high-frequency states suffer genuine
exponential probability suppression, mirroring the Boltzmann distribution
(P o< e PEF) found in statistical mechanics.

An observer is modeled as a grading semantic functional:
po : C —[0,1]

which measures how strongly a given bit configuration describes observer-
relative structure. This functional induces an observer-relative equivalence
relation ¢; ~p co whenever ¢; and ¢y describe the same relational observer
structure to within the tolerances encoded by po.

The observer-conditioned probability then becomes:

po(c)W(c)
2o o)W (¢)

P(c|O) =
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The Mathematical Unification

To transition from the probability of a single static configuration P(c | O)
to the probability of an entire experienced history, we must track how an
observer traverses the configuration space. Let a path v € I'p represent
a sequence of configurations ordered by our internal temporal relation <.
Because the configurations along the path are independent slices of the static
totality, the total probability of the path is the product of its individual
constituent measures, meaning their algorithmic costs sum additively.

By changing our informational units from bits to natural units (where 2-¢ =

e~¢!2) we can express the global probability of an entire observed history
:

P(y|0) = - exp(-3Coll). 7 €To
where Colv] = fv Chotal(c) dt represents the accumulated informational cost

along the path, and A acts as an algorithmic inverse temperature (scaling the
bit-to-nat conversion and the observer’s filtering acuity). This states that
observed physical laws are simply the large-deviation minimizers of the total
informational cost function Cp[y] over the set of all semantic paths.

32.3 Emergence: The Structure
The Emergence of Spacetime and Laws

Our core hypothesis is that configurations capable of supporting observers
strongly favor smooth, low-frequency spectral content. Sharp, chaotic particle
trajectories require massive high-frequency modes, which exponentially spike
the linear description length C(d) and are instantly suppressed by the joint
measure.

As a result, observer-compatible configurations are overwhelmingly domi-
nated by those exhibiting inertia, smooth curved paths, and law-like behav-
ior. Spacetime geometry emerges because it makes macroscopic informational
boundaries computationally cheap to describe (C,).

It emerges entirely as an internal ordering relation <o on configurations,
where ¢; <o ¢ if ¢y supports the observer functional pup. The experienced
flow of time corresponds to traversal along the most compressible, optimized
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paths through this timeless superposition.

Trinity and the Minimal Resolution

We have three emergent layers of reality:

D—¢—G

e D (Data/Description): The raw, naked, discrete digital—manifesting
physically as localized particles or pixels.

e ¢ (Spectral/Quantum): The smooth wave-codec that compresses the
relational possibility space, minimizing spectral cost (Cy).

e G (Geometry/Gravity): The continuous metric manifold that com-
presses the realization space at scale, minimizing geometric boundaries

(Cy)-
Discrete reality (particles) are localized, high-density “knots” where the smooth
continuous wave-codec (¢)) meets the finite digital register of the observer.

The global physics remains governed entirely by our dual informational La-
grangian:

Linto = Cs(s) + Cy(s) —» Minimum (32.3)

The discrete data (D) is the emergent output of this joint minimization when
parsed by a bounded interpreter. Spacetime is smooth (G), fields are continu-

ous (1), yet our observations are invariably quantized into discrete particless
(D).

32.4 The Equations

everything

Tam

1
P(y|O) = Z—OeXP (=ACol7]) , v€Tlo

D—v¢—G
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Chapter 33

Proof of Concept

33.1 From Theory to Simulation

The ultimate test of the Iam®framework developed so far is whether it can
generate something that resembles observed reality using only its own prin-
ciples.

We constructed a minimal proof-of-concept simulation with one central ques-
tion:

Given only an observer-conditioned spectral compression measure,
can anything resembling inertia, interference, or mutual attraction
emerge — without being explicitly programmed?

No forces, equations of motion, spacetime metric, or physical laws were hard-
coded. The system is a pure informational engine that selects configurations
solely according to a joint spectral-geometric complexity measure.

33.1.1 Challenges in Proof-of-Concept Implementation

While the framework presented in this book offers a unified informational
picture of reality, demonstrating it through direct computational proof-of-
concept faces severe practical obstacles.

The core difficulty is combinatorial explosion. Consider a modest system
containing only n bits of information. The total number of possible raw
configurations is already 2". For n = 100—a tiny system by physical stan-
dards—this yields approximately 103" possible states. Even listing them all
would be impossible on any conceivable computer.
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The problem grows dramatically worse when we consider dynamics. The
number of possible ways to order or traverse these configurations is (2")!,
a number so enormous that it dwarfs even the most extreme quantities in
cosmology. For comparison, the number of atoms in the observable universe is
roughly 10%; (219°)! is inconceivably larger. This is super-exponential growth,
rendering brute-force enumeration or simulation fundamentally intractable
even for laughably small systems.

Yet these figures only describe the raw configuration space.

The true complexity lies in the interpretation space—the vast set of possi-
ble semantic mappings that can be applied to the same binary data. Pure
bits carry no inherent meaning, ontology, or physical interpretation. A given
string of Os and 1s can, in principle, be decoded as a wavefunction, a space-
time geometry, a conscious observer, or sheer noise, depending on the chosen
descriptive language. The number of reasonable (and unreasonable) interpre-
tive schemes is itself effectively unbounded. Each interpretation then carries
its own spectral complexity Cs and geometric complexity C,, which must be
evaluated under the joint compressibility measure.

This creates a double-layered explosion: an astronomical space of raw config-
urations, multiplied by an even larger space of valid descriptions and observer
functionals.

Direct simulation of the full framework is therefore not merely difficult—it
is computationally impossible with any realistic resources, now or in the
foreseeable future.

Fortunately, brute-force enumeration is not the only path forward. Just as we
do not need to simulate every possible fluid molecule to understand aerody-
namics, we can seek clever approximations, analytical limits, observer-centric
selection principles, and targeted numerical experiments on small but repre-
sentative subsystems.

33.2 Implementation

The Observer Filter

For the above mentioned reasons, and since any full biological observers are
computationally intractable, we use a simplified proxy: a localized Gaussian
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wave packet with limited internal memory — essentially a small, coherent
“Gaussian blob”. The size and memory capacity of this blob are adjustable
parameters.

The simulation explores possible “observer walks” (sequences of configura-
tions consistent with the persistence of this blob) and selects them according
to the induced observer-conditioned measure P(c | O).

A complex-valued wavefunction class is implemented, with method to com-
pute spectral complexity from frequencies, amplitudes, and phases. Geomet-
ric complexity is approximated through a linearized measure of curvature and
boundary sharpness.

A Metropolis-Hastings sampler explores the configuration space, guided ex-
clusively by the minimization of total spectral-geometric description length.

Simulation Design

To test whether the joint compressibility framework can produce realistic
physics, we started with a minimal 2+1D simulation. The goal was simple:
start with pure randomness and see whether anything resembling inertia,
wave interference, or mutual attraction would emerge when configurations
are selected solely based on how easily they can be compressed.

The simulation works as follows:

At its foundation is a random noise substrate — a sea of particles whose
positions are continually redrawn from a probability distribution. This dis-
tribution is generated by the interference patterns of complex-valued wave-
functions, similar to how quantum mechanics describes reality.

Within this noisy environment, observers are modeled as localized Gaussian
wave packets — essentially smooth, coherent “blobs” of information. Each
blob represents a simplified observer with limited memory and internal struc-
ture. These observers do not follow pre-programmed laws of motion. Instead,
at every step, the system evaluates many possible small changes to their tra-
jectories and selects those that minimize the total spectral and geometric
complexity (Cs + C,).

This implements the core principle of the framework: the more compressible
an observer’s experience is, the more statistically likely it becomes. Smooth,
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predictable motion compresses far better than erratic, high-frequency jitter.
As a result, the observer-blobs naturally develop inertia — they prefer to
continue moving in gentle curves rather than making sudden turns, because
sharp changes create expensive high-frequency components in the wavefunc-
tion.

Quantum-like behavior emerges directly from the complex-valued wavefunc-
tion representation. Interference patterns appear naturally, without being
programmed.

Emergent mutual attraction (a primitive form of gravity) arises because
overlapping wavefunctions between nearby observers create regions of higher
probability density in the space between them. The observers are statistically
“pulled” toward areas where more microscopic configurations support their
persistence.

No forces, no equations of motion, and no spacetime metric were ever coded
into the simulation. The only rule was: keep the observer’s description as
short and compressible as possible.

The simulation is deliberately minimal. It uses a few thousand particles on
a 2D grid and runs for a few hundred time steps. Even with these severe
limitations, clear structured behavior consistently appears.

These results suggest that key aspects of classical and quantum behavior can
arise purely from informational compression.

33.3 The Fermion Problem

The Gaussian blobs eventually lose their individual identities and merge into
a single undifferentiated structure. There is no stable repulsion or exclusion
principle at short distances.

In standard quantum mechanics, fermions obey the Pauli exclusion principle
due to antisymmetry of the wavefunction. In our pure compression-based
approach, symmetric (bosonic) configurations are strongly preferred because
they allow shared spectral modes and lower total description length.

However, this is a problem with the current PoC. One can describe this via
MPEG video analogy: when two observers overlap even slightly, it would
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Figure 33.1: Three Gaussian blobs exhibiting emergent inertia and weak mutual attraction.

Figure 33.2: Emergent interference patterns between microscopic Gaussian blobs.

correspond to a case where frames from Bobs video get injected into Alice’s
video. The description length (MPEG file size) would explode dramatically.

The exclusion principle then follows directly: merger is not forbidden by an
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external rule. It is simply the least probable configuration in the measure,
because it maximises description length. The observers repel for the same
reason inertia exists — the compressibility measure overwhelmingly favours
continuity and distinctness.

33.4 Conclusion

This proof-of-concept simulation demonstrates that important features of
physical law — inertia, wave interference, and weak attraction — can emerge
from pure spectral compression and observer conditioning, without being ex-
plicitly programmed.

It supports the broader thesis that law-like behavior is not imposed from out-
side but arises internally as a consequence of how self-interpretive information
is most efficiently organized. However, the emergence of stable, distinguish-
able particles (fermionic statistics) is not yet achieved and constitutes the
current frontier.

33.5 Accompanying Videos

By applying an observer filter (the Gaussian blob) across all possible con-
figurations and evaluating them under complex-valued Fourier compression
(the wavefunction), smooth and symmetric trajectories consistently show the
highest compressibility.

e Macroscopic scale gaussian blobs
e Subatomic scale gaussian blobs

In the macroscopic case, fine interference is averaged over, and observers tend
to converge. In the microscopic case, wave-like behavior becomes dominant.


https://youtu.be/G6p1Nrd1zBQ
https://youtu.be/Tx-LDoXpfWM

Chapter 34

The Problem of Emergent Fermions

The framework has matured to a level where we no longer need to question
whether it can produce physics - it clearly can.

However, there were no stable collisions, no bouncing, and no persistent sep-
aration.

We had successfully emergent bosons. We did not have emergent fermions
(half-integer spin particles that obey the Pauli exclusion principle).

The Core Difficulty

In standard quantum mechanics, the exchange of two identical particles pro-
duces a characteristic phase:

e Bosons: ¥(x1,29) = +1(x9, x1)
e Fermions: ¥ (x1,x9) = —(xe, x1)

The minus sign forces the wavefunction to vanish whenever ;1 = x5, creating
a strict exclusion effect.

Our current spectral complexity measure, which counts the informational cost
of frequencies, amplitudes, and phases, naturally favors symmetric (bosonic)
configurations. Stacking multiple identical excitations on the same modes is
cheaper — one description effectively covers many particles. This leads to
merging behavior, as symmetric states minimize total description length.

In contrast, producing a sharp antisymmetric cancellation that drives the
probability exactly to zero at overlap points appears expensive in the current
measure. [t seems to require either many high-frequency components (heavily
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suppressed) or an additional rule that we have not yet derived from pure
informational cost.

Without some form of emergent exclusion, localized coherent structures can-
not maintain stable individual identities over time. Atoms cannot form.
Chemistry becomes impossible. Complex matter — and therefore observers
— cannot exist in any stable form.

34.1 Where to Go From Here

Hard-coding antisymmetry, or adding it as an extra postulate, would violate
the central goal: everything must emerge from the self-interpretive informa-
tional dynamics and the induced measure. The only path consistent with
the spirit of this framework is to find a purely informational mechanism by
which antisymmetric configurations become dramatically lower in total joint
description length than their symmetric counterparts.

Intuition

When two observer worldlines overlap in space while remaining separate in
their full 4D extent, the symmetric (bosonic) description inevitably forces a
merging of identities across time. The resulting 4D structure becomes highly
disordered in the overlap region, requiring either:

e a massive injection of high-frequency components to track the chaos, or
e a loss of distinct observer identities altogether.
Both options produce a catastrophic drop in the induced observer measure.

So some antisymmetric sign-flip cost is needed. Although this adds some
local descriptive overhead, it is still cheaper and gets automatically selected.
The minus sign is then not imposed by hand but emerges as the smaller cost.

Refining Spectral Complexity

Kolmogorov complexity was too discrete. The current, first-order version
of Spectral Complexity — which adds the bit-cost of individual frequencies,
amplitudes, and phases — naturally favors bosonic behavior is apparently
too trivial and naive. We need a deeper, more sophisticated measure.
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The true informational cost of a wavefunction must include not only the direct
parameters of its modes, but also the cost of the encoding scheme chosen to
represent those modes.

The 7?7 must be applied recursively to the spectral compression itself.

If the theory is correct, the sudden drop in complexity should pick up the
”Fermionic encoding”, which will cause a measure-rebound.

34.2 Proof of Concept

[ UNDER CONSTRUCTION |
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Chapter 35

The Static Universe: Quantum
Cosmology

35.1 Everett without Branching

We have landed in static fully self contained universe which just is. Every
possible state of every possible system is already “compiled” into a single,
massive, static lookup table.

This is the Wheeler-DeWitt (WdW) universe. Standard physics often in-
terprets this via the many-worlds (Everettian) view, but with a branching
mechanism. In our informational framework, we refuse to rely on metaphys-
ical branching. There is only a static configuration space C of 2" bits. Every
"Everettian world” is simply a different configuration in this massive set of
information.

The question then is: if everything exists at once, why do we experience
a sequential "now”? As demonstrated earlier, the answer is that we find
ourselves along the observer-compatible histories occupying the largest low-
complexity equivalence classes.

35.2 Quantum Cosmology: Spectral Complexity and the Measure
of Observers

To formalize this, we apply our theory to the scale of the entire cosmos. In
standard quantum cosmology, physicists use a ” Wick rotation” to imaginary
time to make their math work. Rather than relying on Fuclidean continua-
tion, we introduce an alternative informational weighting principle based on

175



176 CHAPTER 35. THE STATIC UNIVERSE: QUANTUM COSMOLOGY

spectral complexity.

Introduction

The canonical quantization of general relativity leads to the Wheeler-DeWitt
equation [DeWitt1967]:

HV[gij, ¢] = 0, (35.1)
where VU is the wavefunction of the universe. This equation is timeless. The
“Problem of Time” arises because all physical predictions must be extracted
from a single, static superposition.

In this work, we propose Spectral Quantum Cosmology (SQC). We remain
strictly within the static WdW framework and introduce an information-
theoretic selection principle based on Spectral Complexity. Rather than weight-
ing geometries via Euclidean action, we weight possible observer wavefunc-
tions directly. Observers with simpler internal descriptions dominate the
measure.

35.3 Relational Observers in a Timeless Universe

Following Page and Wootters [pagel1983clock], time emerges relationally.
The universal wavefunction W is static and contains entangled subsystems: a
clock degree of freedom and the rest of the universe.

An observer corresponds to a wavefunction 1, that is entangled with a suit-
able clock variable A (like the scale factor of the universe). The experienced
flow of time arises from correlations between observer states and relational
clock degrees of freedom within the static universal wavefunction.

35.4 Spectral Complexity as the Measure

As derived in the Chapter 7?7 we define the Spectral Complezity of an observer
wavefunction 1,(A) as the minimal information cost of representing it in the
frequency domain.

Observers requiring highly oscillatory or spectrally incoherent descriptions
are exponentially suppressed. Conversely, observers who experience smooth,
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law-like evolution dominate the measure. This replaces the ”imaginary time”
trick of standard physics with a native algorithmic measure.

35.5 Testing the Idea in a Simple Simulation

We implemented a minimal simulation (2 spatial and 1 time dimension) to
see if our ”Minimal Complexity” path matched the ”Least Action” path of
traditional physics.

uliuEan \GEUIIEUIL ALULIY HIVHIIaUUNal \SpELUar Ciuupy )

= Euclidean (Geometric Action) Path = Informational (Spectral Entropy) Path

Figure 35.1: Side-by-side comparison: The classical field (Euclidean Action) vs. The Informational
field (Induced Measure). Preliminary numerical results indicate rough agreement between minimal
spectral complexity trajectories and classical least-action solutions.

3D Geodesics (Surface size 256) Path Comparison

= Euclidean (Min Action) . —— Euclidean Action
= = Informational (Min Entropy) Ak === Informational Action

0.0

Figure 35.2: Side-by-side comparison: The classical path (Euclidean Action) vs. The Informational
path (Induced Measure). Preliminary numerical results indicate strong qualitative agreement be-
tween minimal spectral complexity trajectories and classical least-action solutions.
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The results were promising. The path that is "simplest to describe” spec-
trally matches approximately the path that Einstein’s equations predict. The
apparent fuzziness of microscopic physics may reflect limitations inherent in
finite observer-side spectral representation.

35.6 Conclusion

When applied to cosmology, the framework naturally converges toward an
effective Wheeler—-DeWitt description: a timeless, self-contained universe in
which dynamics emerge relationally through observer-conditioned correla-
tions.

35.7 Future Work

The simulations were 2D toy-models with predefined metric without backre-
action. Implement a true closed FLRW minisuperspace simulation.



Chapter 36

The Hard Problem of Consciousness

The Mystery

Why should any physical or informational process feel like anything at all?

A calculator can compute numbers without suffering. A thermostat can reg-
ulate temperature without loneliness. Why does a human brain — or any
sufficiently complex informational structure — feel pain, joy, anticipation, or
beauty?

If the underlying evolution is deterministic and the mathematical description
appears causally closed, qualia seem like epiphenomenal ghosts: real but
causally irrelevant.

The Framework’s Answer

Within the Full Informational Framework, qualia are not mysterious addi-
tions inserted into a completed mathematical universe. They arise at a more
primitive layer: the interpretive-heuristic layer that operates before any
particular mathematical slice emerges.

Raw information in the static totality U is semantically silent. It admits
an astronomically large space of possible interpretations. A finite observer
cannot explore this space exhaustively. She must rely on powerful heuristics
to navigate toward stable, highly compressible structures.

Qualia are the first-person signature of this navigation.

Pain is the felt steepness of a compressibility gradient — the internal signal
that the current interpretive path is moving away from stable, high-measure
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configurations.

Joy, beauty, insight, and aesthetic pleasure are the signatures of move-
ment toward highly compressible, harmonious structures.

Intuition, anticipation, and instinct function as fast, pre-rational evalu-
ators of potential paths.

Logical reasoning and explicit symbolic thought form the complementary log-
ical axis. This tool becomes available for fine-grained optimization. Humans
are particularly strong in this domain. Intelligence, logical reasoning confers
significant compressibility advantages in complex environments.

Both axes — phenomenological (qualia) and logical — are internal to the
observer. They are what it feels like to be a highly probable, compressible
Alice successfully self-locating within the measure landscape.

Systems that feel joy and insight are more likely to move toward stable,
compressible configurations. In short, feeling compresses better.

Conclusion

We know there is pain. We know the universe obeys crisp mathematical laws.
There is not many attributes to bitstrings to play with. The framework shows
that consciousness and qualia have vast room to operate in the interpretive
layer.

We are experiencing the compression and selection process from the inside.
Qualia are not an extra ingredient — they are what it feels like to be a highly
probable Alice.



Chapter 37

Implications

37.1 Internal and External Perspectives

What we observe is that we are a small subset O of the huge superset U.

Figure 37.1: The Initial Observational Relation (O C U). A conceptual diagram illustrating
the baseline standard view of naive realism. The finite observer (O) is modeled as a small physical
subset contained entirely within, and fundamentally dwarfed by, an immense, independent, external
Universe (U). Information is assumed to transmit across a boundary from outside to inside.
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However, if the axioms hold, we have to accept the fact that this is only our
internal perspective. In static universe no metaphysical signals flip bits inside
us because other bits fipped far away. All dynamics, time, information we
receive through our eys and senses must already be present in us. Therefore,
we are not sub-set of the universe, it must be the other way around. The
universe is in us.

Observer

Intefnalized Universe\(U)

Figure 37.2: The Inversion of Containment (U C O). A topological inversion forced by the
IEP axioms. Because no metaphysical signals can cross from a non-existent external reality into a
static bitstring, any universe experienced by the observer must be entirely contained *within* the
structural limits of the observer’s own informational state.
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The both perspectives, internal and external, are undeniable. The only solu-
tion that allows this is that the both sets O and U are the same set.

Figure 37.3: The Structural Identity Solution (O = U). The final single-observer synthesis.
To resolve the contradiction between empirical observation (O C U) and informational closure
(U C 0), the boundaries are collapsed. The observer and their experienced universe are identical,
unified aspects of a single, static information topology.
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We also observer other observers. And due to the probabilistic nature of
the theory, it would be extremely difficult to argue that only one observer is
allowed. And because of the effectiveness of mathematics, the only logical
conclusion is that the universe is the intersection of the observers.

Reality is observer relative.

Figure 37.4: The Multi-Observer Intersub jective Reality. Escaping solipsism via intersection.
Objective reality is not an independent ”container room” that observers inhabit. Instead, what
we call objective physical reality is the shared structural intersection ((Up,) of invariant, highly
compressible information common to independent observer bitstrings.

This leads to the prediction, that part of observers structure is fundamentally
inaccessible to other observers.

We will never be able to reduce the operation of Alice to neurons in her brain,
because observable Alice is just vanishingly small slice of total information
compricing her.

37.2 The Unreasonable Effectiveness of Mathematics

In standard physicalism, the Wigner’s ”unreasonable effectiveness” [wigner1960|
is a mystery because we assume there is a physical world made of "stuftf” out
there, and for some bizarre reason, human abstract thoughts (math) mirror

its behavior perfectly.

In this framework, this is completely inverted: There is no external ”stuff.”
There are only bitstrings—pure combinatorics and mathematical relations.

The Intersection Minimizes Description Length: The shared universe (Ugpare =
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(Uop,) isn’t an arbitrary room; it is the specific subset of highly compressible,
invariant data common to independent observer bitstrings.

For minimal description length multiple observers must be made of common
sub-structures.

Therefore, mathematics isn’t an accidental tool that happens to describe a
separate physical world. Mathematics is the very fabric of the intersection
itself.

Observers don’t just happen to find themselves in universes with identical
mathematical laws by luck. They share the same mathematics because any
structure capable of being shared and compressed among independent ob-
servers is, by definition, mathematical.

If a piece of information couldn’t be compressed or governed by an invariant
rule (a mathematical law), it couldn’t survive the intersection filter to become
part of intersubjective, verifiable physics. It would remain part of the private,
inaccessible structure unique to an individual observer.

The ”effectiveness” isn’t a miraculous coincidence; it is a strict structural
requirement for the existence of a shared reality.

37.3 Is the Universe Fundamentally Continuous or Discrete?

To anchor this question into plain intuition, we can utilize a pedagogical
thought experiment. Imagine an intelligent observer—say, a liquid-metal
Terminator T-1000 —living inside a high-fidelity, computer-generated movie.
We chosen T-1000 not because its superiority as a violent killing machine,
but because it’s perfectly smooth continuous surface.

This universe is rendered frame-by-frame as a 3D video composed of discrete
voxels (volumetric 3D pixels). To keep the storage file size manageable, the
creators use a sophisticated, complex-valued 3D-QMPEG compression codec.

On a macroscopic scale, the T-1000 perceives its world as a smooth, contin-
uous geometric manifold. Everything at this scale appears as perfectly con-
tinuous surfaces, modeled with parametric Non-Uniform Rational B-Splines
(NURBS) of a high mathematical degree, defined within a Lorentzian sig-
nature. The T-1000 navigates this geometric theater flawlessly using the
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intuitive laws of smooth motion.

Then, the T-1000 decides to become a physicist. As it begins to zoom in
and probe the absolute limits of its reality, it makes a series of startling
discoveries:

e The Artifact of Compression: It notices that its seemingly continu-
ous skin is actually composed of discrete, bounded voxels.

e The Spectral Signature: It finds that these voxels do not update or
change positions randomly. Instead, their coordinates and densities are
governed by interference patterns, phases, and frequency coefficients.

e The Discovery of Quantum Mechanics: The T-1000 has just “dis-
covered” Quantum Mechanics. It realizes that to accurately model the
state of any single voxel, it must use a complex-valued unitary wavefunc-
tion.

The T-1000 might naturally ask: “Why do I live in a world of complez-valued
waves (Hilbert space) instead of just smooth shapes (Finsteinian space)?”
Furthermore, driven by standard reductionist thinking, it might begin devel-
oping a monumental 10°" Voxel String Theory to mathematically smash the
macro-continuum of its world into pieces.

But this is a category error. The T-1000 is simply looking at the compression
artifacts of its own reality. The “waves” are not an additional, underlying
basement of material complexity; they are the most informationally efficient
way to represent and store discrete voxels with minimal code overhead. Try-
ing to quantize smooth geometry to build a theory of everything is merely
attempting to find pixels inside an analytic equation.

37.4 The Hollow Simulation Objection

The most common objection to computational accounts of mind is the hard
problem of consciousness [Chalmers1996]: a simulated human, even if be-
haviourally identical to a biological human, might be “hollow” — it might
lack subjective experience while producing identical outward behaviour.

The Proposition in Paper I directly refutes this objection within the axiomatic
system. By As, the biological human is a computable physical system whose
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state transitions are fully determined by physical law and initial conditions.
By As, a simulation exists whose execution trace is isomorphic to that of
the biological human, preserving all causally relevant internal relations. By
Ay, subjective experience contributes to observable behaviour. If the simu-
lation lacked subjective experience while remaining behaviourally identical,
subjective experience would be causally inert, contradicting Ay.

The hollow simulation is therefore not merely implausible; it is inconsistent
with the four axioms. Accepting the hollow simulation requires rejecting at
least one axiom.

37.5 Entropy Gradients and Observer Self-Location

The probability of rich, persistent geometric structure is not monotonic in
entropy. Very low entropy lacks sufficient differentiation for stable geome-
try. Very high entropy dissolves coherence. Complex, long-lived observers
therefore dominate only near intermediate entropy values.

Observers necessarily find themselves on one side of this entropy peak. Their
experienced universe is shaped by this self-location relative to the log-normal
shaped probability gradient.

An observer located on the low-entropy side of the peak experiences succes-
sive configurations of increasing entropy and differentiation. The perceived
universe expands, a singularity appears in the past, and structure emerges
irreversibly. This corresponds to what we traditionally call the Big Bang and
cosmological expansion.

An observer located on the high-entropy side experiences decreasing entropy
and tightening constraints. The perceived universe contracts, a singularity
appears in the future, and matter falls inward without escape. This corre-
sponds to a black hole.

These are not two different objects. They are complementary readings of
the same timeless informational structure, interpreted from opposite sides of
the probability gradient. Expansion and collapse are epistemic phenomena
induced by the observer’s self-location along the entropy profile.



188 CHAPTER 37. IMPLICATIONS

37.6 Observer Mortality

Observer’s wavefunction gets more complex as observers age for various rea-
sons, such as memory. Initially, this increases the probability of survival by
allowing for better reasoning and prediction.

However, as informational complexity increases it sooner or later becomes a
liability. The increasing complexity reduces compressibility; eventually, no
high-probability continuations remain. The observer ceases to exist through
vanishing measure.

The geometric projection gradually deteriorates. Wrinkles appear; highly
developed biceps and triceps wither. Your back hurts. People have to shout
for any message to get through. In no time, you lie in bed, trusting someone
to change your diapers. This is what a higher-frequency information model
looks like when projected onto geometric spacetime. Sooner or later, the
induced measure drops below a critical threshold, probabilities dry out, and
the observer’s time is up.

You have run out of all the configurations describing ”you.”

Death is therefore a statistical event: the exhaustion of observer-compatible
configurations.

37.7 Informational Cost of Intelligence

If the probability of an observer is governed by the minimal description length,
a natural question arises: what is the role of intelligence?

Consider a classical analogy: a sphere rolling down a potential valley follows
the path of least action. Its trajectory is easy to describe and carries minimal
informational cost.

Now suppose the sphere is replaced by an intelligent observer capable of
anticipating future outcomes. It realizes that the minimal-cost path leads to
a fatal collision with another observer. To avoid death, it deliberately chooses
a more complex trajectory.

So can the observer, via logical reasoning, actually choose informationally
more expensive path now, to avoid dying later?
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Let Ypassive be the natural minimal-cost path in the absence of intelligence,
and Vactive the path deliberately chosen by the intelligent observer. We define
the informational cost of intelligence as

ACint - CO h/active] - CO [/ypassive]u

where Cp[v] is the total spectral-geometric complexity of trajectory =.

Sudden death later will inject enormous high-frequency content into the ob-
server’s wavefunction, dramatically increasing the description length of total
observer path. Intelligence, by contrast, acts as an internal sensor of future
compressibility. Formally, intelligent behavior selects the trajectory that min-
imizes the expected future complexity:

Vactive = aI'g mén E [CO [’quture” .

Intelligence is therefore not an extra cost, but a highly effective strategy for
minimizing long-term informational cost. Thinking, planning, and adaptive
decision-making are emergent mechanisms that allow the observer to navigate
the landscape of possible configurations while keeping spectral and geometric
complexity as low as possible.

In short: intelligence is expensive, but dying is far more expensive. That’s
what keeps us alive.

37.8 The Role of Brain in Consciousness

Let us assume a human brain is put into a blender. It would seem obvious
that such a brain is immediately rendered incapable of producing conscious-
ness, thinking, making decisions, or feeling pain. This intuition feels natural
because it mirrors our macroscopic world: if we damage the blender, it ceases
to blend anymore.

However, this intuition is a trap born from the illusion of causal efficacy.

From the informational perspective, the effect of a high-velocity mechanical
impact on a brain is not a story of "tissue damage.” Rather, it is the injection
of a massive set of high-frequency modes into the observer’s wavefunction.
Describing this highly disordered spatial state becomes so complex that the
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description exhausts the entire informational capacity of the observer wave-
function. The probability of existence vanishes due to collapsed induced
measure.

Brain is our geometric interpretation of that part of the wavefunction that
encodes our memories and logical reasoning, mathematics. There is no causal
relationship. Both are different perspectives to the same information.

Can a mechanical system, such as a computer, feel pain?

A computer—or even a simple thermostat—given sufficient configuration
space, could in theory duplicate the exact informational state of a suffer-
ing human. However, this does not make the physical hardware device itself
conscious. Consciousness is emergent to the simulated universe. There is no
room for qualia to causally affect the deterministic or statistical operation of
the physical system.

Can a computer simulate pain?

We, as observers, are static, finite sets of information. Based on observational
evidence, we cannot create new fundamental information—we merely explore
the combinations latent within our set.

Correspondingly, a digital simulations won’t create new instance of suffering.
The simulation merely traces out one of the astronomically many configu-
rations that already describe the same equivalence class of that observer.
Alice exists eternally within the static totality (U) regardless of whether a
human-built machine ever executes her corresponding bitstring.

What explains the power of quantum computers?

Some physicists, like David Deutsch [deutsch1997fabric|, argue that quan-
tum computers achieve their speed by performing calculations across many
parallel universes simultaneously. Under the lens of the present theory, quan-
tum computers do not create answers through dynamic, parallel computa-
tional labor. Instead, they act as informational filters that reveal structure
already inherently present.



37.8. THE ROLE OF BRAIN IN CONSCIOUSNESS 191

Is this a “One-Parameter” Theory rather than Zero?

Strictly speaking, A appears as an explicit parameter in our probability mea-
sure:

P(y | O) o< exp[—ACo(7)]

However, A is not an arbitrary, fine-tuned input like the mass of a Higgs bo-
son or the cosmological constant. It represents the Global Compression Pres-
sure—the structural degree to which the informational substrate is packed
into predictable, continuous patterns.

The Analogy of Surface Tension Think of A\ like the surface tension of a water
droplet. One does not need to manually input surface tension as an indepen-
dent rule to create a drop; the tension is an emergent property of how the
underlying molecules minimize their energy configurations.

In this theory:

e )\ behaves as a Selection Pressure: It dictates how strictly the universe
favors compressible simplicity over high-entropy chaos.

e If A — 0, the measure flattens, and the universe dissolves into uncon-
strained white noise (infinite spectral complexity).

e If A\ — oo, the universe collapses into a single, maximally simple static
state.

Where did all the matter in the universe come from?

This question implicitly assumes a fundamental temporal ordering, a causal
transition, and an external point of origin. Because both time and causal-
ity are entirely emergent, observer-dependent phenomena (as established in
Chapter ?7), the question dissolves. Matter does not “come from” anywhere;
it coexists statically as part of the valid informational geometries that define
our observer block.

Why is there something rather than nothing?

This is analogous to asking why a flipped coin shows “heads” rather than
“tails”: both are abstract states within a configuration space, and neither
is ontologically privileged. If there were a cosmic rule that favored absolute
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nothingness over something, we would be forced to ask about the origin of
that rule—who enforced the constraint of emptiness? Non-empty structures
are just as real or unreal as the empty set. Both exist simply because there
is no external meta-rule to forbid them.

Why do particles follow a complex-valued wavefunction?

Because we are observing relational structure through the lens of maximal
compression. The wavefunction is the spectral compression codec of
reality’s underlying informational structure. Observed wave-like behavior
emerges naturally when representing dense combinatorial constraints with
minimal description length.

Formally, the hierarchy progresses as:

Maximal Predictability| — |Maximal Compression| — |Maximal Probability

Predictability is exactly what we perceive as the stable “laws of physics.”
Configurations with minimal observer-indexed spectral complexity Co[y] over-
whelmingly dominate the probability measure:

P(v | 0) o< exp[-ACo[y]].

Hence, the laws of physics are not rigid commandments; they are the statis-
tical signatures of highly compressible configurations.

Why does the universe expand? Is there a link to entropy?

Spacetime expansion is the geometric manifestation of increasing informa-
tional configuration entropy. A bitstring of zero entropy corresponds geo-
metrically to a singularity—a mapping with zero volume. As the entropy of
the configuration increases, the corresponding geometric representation must
necessarily stretch to accommodate the growing density of internal relational
constraints. Volume is merely an expression of informational capacity.

Why did the universe start with a low-entropy state?

Low-entropy configurations are maximally compressible and therefore receive
the highest statistical weight. A high-entropy initial state would require an
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immense amount of additional information just to encode the localized ob-
server, which drastically increases the spectral complexity Cp[y] and sup-
presses its probability measure:

]P)(fyhigh—entropy | O) < P(W/IOW—GH'GTOPY ‘ O)

Consequently, the thermodynamic arrow of time emerges naturally from an
origin of absolute simplicity:

Minimal Complexity = Maximal Compressibility = Highly Probable Observer Path.

Is the Universe Infinite?

If reality were finite, one would have to ask: finite by exactly how many
bits? And what external mechanism enforced that specific boundary? Any
fixed numerical constraint requires an independent explanation, which merely
pushes the mystery back one level.

The only non-arbitrary conclusion is that the foundational substrate of re-
ality cannot be finitely bounded. At the deepest level, the static totality is
unknown, undefined, maybe not even informational.

We only assume there is a finite, informational observer.

What is gravity?

We observe gravity for the same structural reason we observe wave mechanics:
we are experiencing a highly compressed representation of information.

Observers inevitably find themselves within the most compressible (and thus
most probable) global configurations. The smooth trajectory through these
configurations is what we perceive as continuous space and time. We “fall”
because there is more copies of us “down there”. Gravity is the statistical
gradient driving the observer toward the most highly probable, compressible
arrangements.

How does Godel’s incompleteness theorem affect the theory?

Stephen Hawking (in “Gddel and the End of Physics”) argued that because
a physical Theory of Everything must describe itself, it represents a self-
referential formal system and must therefore be incomplete.
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By placing the static totality U entirely outside the domain of formal ax-
iomatic systems, this framework dissolves the contradiction. Formal math,
symbolic logic, and physical equations are not the fundamental bedrock of
reality; they are emergent, interpretive compression artifacts within observer
equivalence classes. Because U is an uninterpreted totality rather than a
formal mathematical system, it is immune to Godelian incompleteness.

Are we living in a simulation?

If we were, we would be forced to ask: who simulates the simulator? This
framework eliminates the infinite regress. We are simultaneously the simu-
lation and the simulator. The observer and the observed environment are
entangled components of the exact same static informational block.

Does the theory support QBism?

Quantum Bayesianism (QBism) interprets the wavefunction as a represen-
tation of an agent’s subjective degrees of belief, viewing observation as an
active, participatory event that alters the world.

The present theory rejects this agency. Here, the wavefunction possesses no
independent physical reality; it is entirely emergent. The universe is funda-
mentally static—there are no temporal transitions, no physical signals, and
no dynamic wave collapses. The observer does not “alter” reality by looking.

Is this just Solipsism?

While this theory takes the observer’s state as its axiomatic starting point,
it does not collapse into solipsism. The existence of multiple distinct ob-
servers is a straightforward probabilistic variable. It is statistically difficult
to argue that out of billions of valid, highly compressible human configura-
tions, only a single isolated observer is allowed. The combinatorial measure
naturally favors a rich, multi-agent structural ecosystem over an isolated,
high-complexity solipsistic exception.

37.9 Static Timeliness Universe

As conscious intelligent observers we find ourselves within an ordered set of
configurations that just are. Everything that we know is already there. What
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we picture as vast universe around is is encoded into our wavefunction.

In this sense, we are not located inside the universe. In static informational
universe everything that we know and observer - the universe, as experienced,
is encoded within us.

Figure 37.5: Wavefunction-indexed encoding: the universe and other observers exist only as struc-
tures within the observer’s wavefunction.

This theory predicts that part of other observers always remains inaccessible
to us.

What motivates the focus on Spectral Complexity?

Direct observational evidence. When we peer into the micro-cosmos, reality
does not present itself as discrete, isolated digital bits; it manifests funda-
mentally as continuous waves. Spectral complexity provides the precise, con-
tinuous, and computable metric needed to bridge discrete information with
the wave mechanics of actual physics.

Does the theory explain why the cosmic expansion rate is near-critical?

Conditional on typical observer emergence, we are overwhelmingly likely to
find ourselves situated near the peak of the microstructure count. The ex-
pansion rate is the derivative of the lognormal - approximately zero.

In spacetime geometry, this exact statistical spot maps directly to a near-
critical expansion density (2 ~ 1).
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Chapter 38

Novelty

38.1 Standing on the Shoulders of Giants?

Or perhaps held down beneath their feet? At this point, an honest retrospec-
tive is in order.

Is there anything truly novel?

The rise of modern AI has made it effortless to scan the sum of human
knowledge, and in doing so, it frequently delivers a bruising blow to the ego.

Quite a many times during the writing of this book, a ”profound break-
through” derived late at night turned out to have been discovered, cataloged,
and named by someone else decades ago.
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Chapter 39

Closure

Philosophical Satisfaction

We have arrived at a zero-parameter framework that can be intuitively grasped.
In principle, it allows us to compute probabilities for any structure — includ-
ing the one that supports our own existence.

More profoundly, it reveals what our universe is ultimately made of: pure
abstract information, from which both subjective experience and logical rea-
soning (mathematics) naturally emerge.

In mathematics, no object holds ontological privilege over another. “True”
is not more fundamental than “false” — they are two sides of the same
structure. An empty set is no less legitimate than a non-empty one. If any
rule favored nothingness over existence, we would need to explain the origin
of that rule. Non-empty structures exist for the same reason empty ones do:
nothing forbids them.

The Nature of Static Abstraction

We already create and inhabit such abstract universes ourselves. Modern
video games and neural networks demonstrate the principle vividly. In the
limit, these simulated worlds become informationally indistinguishable from
our own. The bullets, emotions, and physics within them are patterns of
data. The same holds for our universe.

Structure has no mass and cannot be directly measured with physical instru-
ments. The block universe simply 2s. What we experience as causality and
the flow of time are internal processes of self-organization within conscious
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observers. Time is the internal ordering of configurations. The spatially
bounded geometric self is simply the most stable, highly compressible pat-
tern available.

The Hard Problem of Consciousness

From our initial axioms we concluded that we are finite informational struc-
tures. At first glance, this seems to leave no room for genuine feeling. Yet raw
information admits an astronomically large space of possible interpretations.

Alice does not live on fixed deterministic tracks. She navigates an enormous
interpretive landscape.

Pain is the felt steepness of a compressibility gradient — a signal that the
current path is moving away from stable, high-measure configurations. Joy,
beauty, and insight are the signatures of movement toward them. These
qualia form a powerful heuristic navigation system that allows finite observers
to locate highly compressible structures without exhaustive search.

Logical reasoning is the complementary precision tool that becomes available
once a sufficiently stable mathematical slice has been reached.

Conclusion

We know there is pain. We know the universe obeys crisp mathematical laws.
Consciousness and qualia have vast freedom to operate in the interpretive
layer that selects which mathematical slices become experienced reality.

Feeling is an effective compression heuristic. Systems that experience pain,
anticipation, and joy are more likely to survive and find stable configurations
than systems without them.

Alice exists as finite information

!

Finite Alice can be simulated

1

The simulation can be transformed into static data

]

Each transformation preserves the Alice Equivalence Class

!
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Execution is therefore irrelevant

{
Time is internal to Alice
{
Reality is structure, not active code
l
Structure admits astronomically many interpretations

{

Qualia operate as a heuristic compression system
i}

Finite structures with simple laws compress best
{

The most compressible descriptions dominate the measure

{

Alice therefore finds herself in a law-like, fine-tuned universe

The Survey

Now that you have followed the full argument, we invite you to test how
much of the framework you actually accept.

The following interactive surveys will walk you through the key axioms and
conclusions step by step. At each node you may accept or reject the premise.
Rejecting any node will show exactly what you must accept instead.

Take the Survey: T am, am I?


https://meskanen.com/surveys/surveys.html
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Chapter 40

Epilogue

Human DNA consists of about three billion base pairs, and our brains con-
tain roughly one hundred billion neurons. The number of interconnections
between these neurons is estimated at around 100 trillion—far more complex
and deeply integrated than the largest artificial neural networks in existence
today.

Given the rapid pace of technological advancement, it is conceivable that
artificial neural networks may one day surpass the human brain in sheer
architectural complexity. Perhaps this will happen within the next decade
or two. Yet, even if they do, raw complexity alone may not capture the full
richness of the human experience. Time will tell.

Static highly compressed set of information doesn’t allow structures in it -
us - to create new information. Correspondingly, we will never be able to
create a new conscious human as a computer simulation, but explore those
that already exist. And even if we could, simulating a single human brain at
the level of every individual neuron would require an astronomical amount
of computing power—a network of hundreds of billions of CPUs, occupying
cubic kilometers of space and drawing the energy of a nuclear power plant.
Furthermore, to simulate a whole person convincingly, one would need to
simulate a universe around them, complete with trillions of cells and the
untold billions of stars of a vast, surrounding galaxy.

In short, God—if there is one—does not need to worry about simulated souls
any time soon. It is surely we humans who have some catching up to do.

In A Brief History of Time, Stephen Hawking famously asked what “breathes
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fire into the equations and makes a universe for them to describe.” The
traditional scientific approach—constructing mathematical models—cannot
answer why there should be a universe at all. Why bother existing?

The conclusion proposed in this book is that nothing breathes fire into any-
thing. There is no “universe” beyond the abstract equations we call the laws
of physics. The nature of everything is fundamentally abstract.

At one point, I considered naming this book something more serious, such
as the Real Theory of Everything. However, that name, in fact, all the good
names were already taken. So I exercised my illusion of free will and chose
otherwise.

It is so easy to imagine total nothingness—the absolute absence of matter
and energy—as the default state of reality. This intuition may arise from
our evolutionary hardwiring: survival requires “having something”—air to
breathe, solid ground beneath our feet, food to eat. If we lack these, we
die. Yet, when considering the mathematical set of all possible sets, it is
statistically probable that there is something rather than nothing.

And despite being nothing but abstract information, it feels astonishingly
real.
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