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Quantum randomness is often viewed as fundamental to our understanding of the universe,
from the unpredictability of quantum measurements to the apparent stochasticity in early
cosmic fluctuations. However, what if guantum randomness is not ontologically distinct from
deterministic pseudorandomness generated by a Turing machine? This provocative hypothesis
reopens foundational debates in physics, computation, and philosophy. Arguing that a high-
guality pseudorandom number generator can fulfill the same functional role as a quantum
random number generator challenges assumptions about indeterminism, measurement,
entropy, and even the branching of multiverses. This paper explores the deep consequences of
this substitution. We examine what is lost or gained by discarding quantum unpredictability, and
consider how this shift would alter our interpretation of the wavefunction, entropy, simulation
theory, cosmic fine-tuning, and the metaphysical status of free will and determinism. Ultimately,
we assess whether the cosmos truly requires randomness beyond algorithmic complexity—or
whether the story of reality is written in code.
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1. Introduction: The Role of Randomness in the Universe

Randomness is foundational to both our physical models and philosophical interpretations of
reality. In classical physics, unpredictability was a matter of ignorance—determinism reigned,
but our measurements were imperfect. With the advent of quantum mechanics, randomness
became embedded in the very structure of physical law. Quantum measurements, such as the
decay of an atom or the polarization of a photon, are said to be fundamentally unpredictable—
even in principle. This has led many to treat quantum randomness as “true” or ontological
randomness, distinct from the pseudo-random numbers generated by deterministic machines.
Yet what if this distinction is illusory? What if the functional outputs of a high-quality
pseudorandom number generator—executed by a Turing machine—are indistinguishable from
those of a quantum source not just statistically, but cosmologically? In this paper, we explore
the hypothesis that pseudorandomness is not merely good enough for practical purposes, but
fully sufficient for modeling the universe. The implications are profound: they challenge the
interpretation of quantum mechanics, the foundations of entropy, the assumptions behind
multiverse theory, and even the philosophical divide between determinism and indeterminacy.
This section introduces key distinctions, motivations, and the scope of this speculative yet
consequential claim.

1.1 Functional randomness vs ontological randomness

Functional randomness refers to randomness as it is used in practice: unpredictability sufficient
to prevent forecasting or pattern exploitation. This is the kind of randomness employed in
simulations, cryptographic systems, and statistical modeling. It need not be truly random in a
metaphysical sense—it only needs to pass statistical tests and be practically irreversible. By
contrast, ontological randomness is intrinsic to reality. It represents events that are not
determined even in principle by any prior state. In quantum mechanics, the outcome of a
measurement is often taken to fall into this category: fundamentally uncaused, probabilistic,
and outside the reach of determinism. The distinction matters because physical theories often
rely on randomness not just for modeling complexity, but to express deep truths about the
nature of the world. If functional randomness can replicate all the observed consequences of
ontological randomness, it becomes difficult to argue that true indeterminacy is required at all.

1.2 Why quantum randomness is usually assumed to be “true” randomness

Quantum randomness is typically accepted as ontological because it arises from a formalism
that provides only probabilistic outcomes. Experiments involving single photons, entangled
particles, and radioactive decay consistently produce results that appear statistically



unpredictable, even under the most controlled conditions. The violation of Bell inequalities and
the lack of hidden variable explanations under locality constraints are interpreted as strong
evidence that these outcomes are not merely unknowable, but inherently indeterminate.
Quantum random number generators are built on this assumption, using phenomena such as
beam-splitter reflections or vacuum fluctuations to produce bits that no classical algorithm
could replicate in advance. Moreover, interpretations of quantum mechanics such as the
Copenhagen interpretation and objective collapse models explicitly encode randomness into
the ontology of the universe. As a result, guantum randomness has been held up as a
benchmark of “true” randomness—one beyond the reach of classical computation and aligned
with the indeterministic character of reality itself.

1.3 Overview of the central hypothesis

This paper explores the radical claim that Turing-computable pseudorandomness is sufficient
not just for simulation, but for cosmology. If every outcome attributed to quantum randomness
can be mimicked by a deterministic pseudorandom number generator with an appropriate seed,
then the universe could be fully Turing-simulable in principle. The central hypothesis is that the
distinction between pseudorandomness and quantum randomness is epistemic rather than
ontological: they are functionally equivalent, and no experiment can distinguish between a
world seeded with deterministic randomness and one ruled by intrinsic indeterminacy. This has
far-reaching consequences. It challenges the need for quantum branching in multiverse models,
removes the foundation for many interpretations of free will grounded in quantum
indeterminacy, and reopens the door for deterministic metaphysics in physics. It also has
implications for quantum cryptography, thermodynamics, and the simulation hypothesis. By
replacing quantum randomness with pseudorandomness, we test whether a deterministic
cosmology can hold all the explanatory weight—and what that means for our understanding of
reality.

2. Turing Pseudorandomness: Definitions and Capabilities

To seriously consider Turing-generated pseudorandomness as an adequate replacement for
guantum randomness in cosmology, we must first understand its nature and limitations.
Pseudorandom number generators (PRNGs) are deterministic algorithms that produce
sequences of numbers with statistical properties that mimic true randomness. Unlike quantum
random number generators (QRNGs), which draw on physical processes presumed to be
fundamentally unpredictable, PRNGs rely on an initial seed and a deterministic update rule. Yet,
in practice, high-quality PRNGs are used extensively across cryptography, simulations, and



scientific modeling, and often pass all relevant randomness tests. If the seed and algorithm are
unknown, the sequence is indistinguishable from genuine randomness to any observer within
polynomial time. This raises the question: if all observable consequences of randomness can be
reproduced by deterministic machines, why assume that true randomness exists at all? The
following subsections dissect this argument by exploring algorithmic randomness, statistical
indistinguishability, and their implications for computability and predictability in the cosmos.

2.1 Algorithmic randomness and the role of seed determinism

Algorithmic randomness is defined within the framework of computability theory, particularly
Kolmogorov complexity. A string is algorithmically random if there exists no program shorter
than the string itself that can produce it. PRNGs, by definition, fail this test—each output
sequence is generated by a compact algorithm and an initial seed. Nevertheless, if the seed is
sufficiently long and unpredictable, the output can be functionally indistinguishable from
algorithmic randomness over any feasible observational window. Seed determinism becomes
the key philosophical hinge: is the initial condition truly arbitrary, or is it itself generated by a
prior process? In the context of a universe simulated by a Turing machine, the seed could
encode not just the initial state, but the apparent randomness in quantum measurement
outcomes, inflationary fluctuations, and emergent complexity. If we treat this seed as
epistemically opaque but ontologically fixed, the entire universe becomes a deterministic
expression of a finite string.

2.2 Statistical properties vs metaphysical uncertainty

Statistical tests for randomness—such as uniformity, independence, and entropy measures—are
agnostic to the source of randomness. A well-designed PRNG can produce output that passes all
known randomness tests and avoids detectable patterns across trillions of digits. In
cryptography and simulation, this is sufficient. But from a metaphysical perspective, statistical
adequacy does not equate to genuine unpredictability. Quantum randomness, in contrast, is
often framed as metaphysically uncertain: it is said that even in principle, no algorithm could
predict the outcome of a specific quantum event. However, this distinction only holds if one
assumes that the underlying physics is truly indeterministic. If the universe itself is a
deterministic machine with a hidden seed, then metaphysical uncertainty is a mirage—
statistical unpredictability is merely an artifact of ignorance. Thus, the key claim here is not that
pseudorandomness is identical to quantum randomness in origin, but that all observable effects
attributed to quantum indeterminacy can be replicated by sufficiently complex deterministic
processes.



2.3 Implications for computability and predictability

Accepting pseudorandomness as cosmologically sufficient leads to a radical reinterpretation of
computability and predictability in physics. In such a framework, the universe is a computable
object: all events, measurements, and emergent structures are traceable to a finite input and an
algorithmic rule. The apparent unpredictability of phenomena—from the double-slit
experiment to black hole radiation—becomes a question of computational infeasibility, not of
physical indeterminacy. Predictability becomes a matter of epistemic limitation: given infinite
time and resources, every event is in principle knowable. This erodes traditional barriers
between the observable and the calculable. It also strengthens the Simulation Hypothesis, as it
implies that a Turing machine with a long enough seed could, in theory, reproduce the entire
history and future of our universe. In this view, randomness ceases to be a fundamental feature
of nature and instead becomes a tool for generating complexity within deterministic bounds.
This has profound implications not only for physics but for the philosophical framing of
causality, agency, and the structure of reality itself.

3. Quantum Randomness in Physical Theories

Quantum mechanics revolutionized the foundations of physics by introducing probability not
merely as a placeholder for ignorance, but as a fundamental property of nature. Nowhere is this
more evident than in the standard quantum formalism, where the evolution of a wavefunction
is governed deterministically by the Schrédinger equation until a measurement is made—at
which point outcomes are probabilistic, following the Born rule. This discontinuity between
unitary evolution and probabilistic collapse has fueled debate for over a century and has led to a
proliferation of interpretations of quantum mechanics. Each interpretation carries
assumptions—often implicit—about the nature of randomness and the legitimacy of quantum
indeterminacy. To assess whether pseudorandomness could replace quantum randomness, it is
critical to understand how randomness is treated across these interpretations and what
functional roles it plays in both theory and experiment.

3.1 Indeterminacy in the Copenhagen and GRW interpretations

The Copenhagen interpretation, long dominant in physics education and practice, posits that
the act of measurement collapses the wavefunction into one of its eigenstates, with
probabilities determined by the Born rule. This interpretation treats quantum randomness as
fundamentally irreducible: it is not that we do not yet know which outcome will occur, but that
no outcome is determined until the measurement. The universe itself, under this view, contains
inherent unpredictability. GRW (Ghirardi—Rimini—Weber) theory formalizes this indeterminacy



by modifying the Schrédinger equation to include spontaneous collapses. These collapses occur
randomly with a small probability and are responsible for wavefunction reduction. GRW turns
randomness into an ontological feature of physical law—spontaneous events that occur without
cause. Both interpretations embed randomness into the core of reality, elevating it from an
epistemic limitation to a metaphysical principle. The challenge for a Turing pseudorandom
replacement is that it must somehow reproduce the observable statistical phenomena these
interpretations attribute to true randomness, without admitting actual indeterminacy.

3.2 Deterministic quantum interpretations: Bohm, many-worlds

In contrast, deterministic interpretations of quantum mechanics attempt to eliminate
indeterminacy at the ontological level. Bohmian mechanics (or the de Broglie—-Bohm pilot-wave
theory) posits that particles have definite positions and velocities guided by a “pilot wave,”
which evolves deterministically according to the Schrédinger equation. Apparent randomness
arises from ignorance of initial conditions, not from physical indeterminacy. Similarly, the many-
worlds interpretation (MWI) denies the collapse of the wavefunction entirely. Instead, all
possible outcomes of a quantum measurement occur, each in a separate branch of the
universe’s wavefunction. In MWI, the evolution of the universal wavefunction is entirely
deterministic; the only randomness is in the subjective experience of the observer, who finds
themselves in one of the many resulting branches. These interpretations shift the burden of
randomness from physics to perception. In a world governed by these theories,
pseudorandomness may not merely be adequate—it may be conceptually aligned with the
underlying ontology. If the appearance of randomness is always the result of incomplete
information or branching rather than fundamental uncertainty, then simulating such
randomness with a PRNG becomes not only feasible but natural.

3.3 QRNGS in cryptography and physics experiments

Despite the theoretical uncertainty surrounding the foundations of quantum mechanics,
guantum random number generators (QRNGs) are used in practice precisely because of the
belief that quantum processes are truly random. QRNGs extract entropy from quantum
phenomena believed to be irreducibly unpredictable—such as photon arrival times, quantum
vacuum fluctuations, or spin measurement outcomes through beam splitters. In quantum
cryptography, this presumed randomness underpins the security of protocols like quantum key
distribution (QKD), where any predictability could compromise encryption. Experimental tests
of Bell inequalities and other no-go theorems also rely on high-quality QRNGs to choose
measurement settings, ensuring that choices are not correlated with hidden variables that



might otherwise skew results. These applications hinge on the assumption that the randomness
in question cannot be algorithmically reproduced or back-calculated by any adversary or
observer. If it were shown that pseudorandomness could serve these same roles without
observable discrepancy, it would shake the foundations of such experiments. Not because the
outputs would change, but because the underlying justification for their interpretation—as
evidence of indeterminism or quantum advantage—would be cast into doubt. In this way, even
the practical use of QRNGs becomes a philosophical commitment.

4. Cosmological Consequences of Replacing QRNG with PRNG

In modern cosmology, quantum randomness plays a foundational role in shaping the large-scale
structure of the universe. During the inflationary epoch, quantum fluctuations are stretched to
cosmic scales, becoming the seeds for galaxy formation. These fluctuations are typically
modeled as inherently random events—drawn from a quantum field undergoing stochastic
perturbations. By contrast, replacing quantum randomness with pseudorandomness implies
that these same structures could have emerged deterministically from an initial seed executed
by a Turing machine. The implications of this substitution extend far beyond early-universe
physics. It alters the epistemological foundations of cosmological inference, challenges the
multiverse narrative as a probabilistic landscape, and calls into question the necessity of ontic
randomness for anthropic reasoning. This section examines the reconfiguration of core
cosmological concepts under the assumption that deterministic pseudorandomness is not
merely computationally sufficient, but physically foundational.

4.1 Cosmic inflation and structure formation from a seeded Turing machine

The theory of cosmic inflation posits that the universe underwent a period of exponential
expansion in its earliest moments, smoothing out initial conditions and magnifying quantum
fluctuations to macroscopic scales. These amplified fluctuations, typically modeled as random
draws from a quantum field vacuum, imprint density variations onto the cosmic microwave
background and seed the formation of galaxies and clusters. If these fluctuations were not truly
random, but rather drawn from a pseudorandom sequence generated by a Turing machine,
then the entire observable structure of the universe could be seen as unfolding from a single
deterministic computation. Under this hypothesis, the randomness we observe in the
distribution of cosmic structures is not ontological but algorithmic—pre-encoded in a finite-
length seed that acts as the universe's initial condition. This reframes the inflationary epoch not
as a period driven by stochastic quantum inputs, but as a deterministic dynamical system



camouflaged by high algorithmic complexity. The universe, then, resembles an elaborate
simulation whose visual complexity and thermodynamic richness mask its computable origins.

4.2 Fine-tuning and anthropic selection without ontic randomness

One of the most provocative features of modern cosmology is the apparent fine-tuning of the
physical constants that govern the universe. The cosmological constant, the strength of
fundamental forces, and the masses of elementary particles all fall within narrow ranges that
permit the existence of life. This coincidence is often addressed through anthropic reasoning: if
a multiverse of universes exists, each with randomly assigned constants, we naturally find
ourselves in a universe compatible with life. This explanation presumes a substrate of ontic
randomness—some mechanism by which physical parameters are drawn from an ensemble.
However, if all apparent randomness stems from a pseudorandom generator, the argument
shifts. Fine-tuning is no longer the result of selection from a probabilistic ensemble, but a
feature of a single deterministic execution. The anthropic principle becomes tautological: our
universe has life-permitting properties because the PRNG seed happened to encode them. This
undermines probabilistic justification for fine-tuning and weakens the explanatory power of the
multiverse. Instead of exploring many universes and landing on a habitable one, the cosmos
becomes a pre-scripted trajectory in which contingency is an illusion.

4.3 What happens to multiverse arguments and branching universes

The multiverse hypothesis comes in many forms—some rooted in inflationary cosmology, others
in the many-worlds interpretation of quantum mechanics. In both cases, randomness plays a
pivotal role. In eternal inflation, bubble universes continually nucleate with different physical
parameters, driven by random fluctuations in the inflaton field. In many-worlds quantum
mechanics, the universe branches into multiple non-interacting outcomes during every
guantum event. Both frameworks use randomness to populate an ensemble of distinct
universes or histories. If guantum randomness is replaced with pseudorandomness, the
multiverse loses its generative mechanism. There are no true branches—only a single
deterministic unfolding that mimics stochasticity at large scales. Apparent multiverse-like
complexity can still emerge, but only as a function of initial conditions and algorithmic depth.
The “many worlds” become many views of a single computation, not ontologically distinct
realities. This has major philosophical ramifications: it collapses the modal space of possible
worlds into a single instantiation and strips multiverse theories of their probabilistic meaning. In
this view, we do not inhabit one of many possible universes; we inhabit the only one that was
ever generated—by code, not chance.



5. Thermodynamics and the Arrow of Time

Thermodynamics is one of the most empirically successful theories in physics, yet it is
conceptually anchored in statistical descriptions that presuppose some notion of randomness.
The second law of thermodynamics, which posits that entropy tends to increase in closed
systems, is often explained as a consequence of the statistical behavior of microscopic
components undergoing random interactions. Traditionally, this randomness is assumed to stem
from either the classical unpredictability of chaotic systems or the deeper indeterminacy of
guantum mechanics. However, if guantum randomness is not ontological, and all observed
randomness is instead generated by a deterministic pseudorandom process, then the
foundations of entropy and irreversibility require reinterpretation. In such a view, entropy does
not reflect an underlying stochasticity in nature, but a functional measure of our ignorance
about the exact state of a complex, deterministic system. This raises deep questions about the
legitimacy of the arrow of time, the meaning of thermodynamic laws, and the true nature of
disorder.

5.1 Is entropy just a measure of ignorance under pseudorandomness?

If the universe operates on a pseudorandom basis, then what we interpret as increasing entropy
may simply reflect our inability to reverse-engineer the seed or initial conditions from which the
system evolved. In classical thermodynamics, entropy quantifies the number of microstates
consistent with a given macrostate, assuming a uniform distribution over those microstates. If
the microstates themselves are determined by a Turing machine’s output, then the entropy
increase we observe may be epistemic rather than ontic. That is, entropy does not reflect the
actual disorder of the system, but rather our lack of access to the deterministic rules and seed
that generate the state transitions. This perspective aligns with a Bayesian or information-
theoretic interpretation of entropy, where it becomes a property of observers rather than
systems. It also raises the possibility that the thermodynamic arrow of time is not a
fundamental asymmetry in nature, but a cognitive artifact imposed by limited computational
resources.

5.2 Time's arrow and emergent irreversibility without quantum events

The arrow of time—the fact that we observe a clear direction from past to future—is
traditionally tied to the second law of thermodynamics. In quantum physics, decoherence and
measurement are often invoked to account for the emergence of classical irreversibility from
fundamentally time-symmetric laws. If quantum randomness is not truly random but
pseudorandom, and there are no actual collapse events, then the irreversibility of time must



emerge from a purely deterministic computation. This reframes time’s arrow as a macroscopic
illusion produced by initial asymmetry and the exponential complexity of evolving
configurations. In a pseudorandom universe, time’s arrow becomes an emergent pattern
produced by a deterministic unfolding of a low-entropy starting point. Just as the digits of pi
seem to contain randomness despite being fully deterministic, the universe can evolve
irreversibly through a process that is fundamentally time-reversible. Entropy increase then
reflects not a physical law, but an informational bottleneck: the difficulty of inverting the
pseudorandom trajectory without perfect knowledge of the seed.

5.3 Consequences for statistical mechanics

Statistical mechanics, the bridge between microscopic physics and macroscopic
thermodynamics, is built on ensemble reasoning. It assumes that for any given macroscopic
configuration, a multitude of microstates exist, each equally likely. This probabilistic assumption
underlies temperature, pressure, entropy, and the behavior of gases and solids. If all microstates
are deterministically generated from a fixed seed and deterministic dynamics, the notion of an
ensemble becomes a mathematical convenience rather than a physical necessity. Probability is
no longer a feature of nature but of our approximation techniques. This shift has implications
for how we interpret fluctuation theorems, thermalization, and ergodicity. Systems may still
appear to sample a full statistical ensemble over time, but only because their deterministic
paths are complex enough to mimic statistical properties. This leads to a reinterpretation of
equilibrium not as a probabilistic convergence, but as a long-term statistical illusion. The laws of
thermodynamics still hold observationally—but under this model, they are emergent
phenomena of computable complexity, not consequences of physical indeterminacy. In this
light, statistical mechanics becomes a phenomenological tool—a way of managing our
ignorance in a deterministic yet opaque universe.

6. The Simulation Hypothesis and Computational Cosmology

The replacement of quantum randomness with pseudorandomness invites a radical
reconfiguration of cosmology through a computational lens. If the universe's apparent
complexity can be generated by deterministic pseudorandom processes, then the cosmos may
be best understood as the output of an immense, but ultimately finite, computation. This aligns
closely with the Simulation Hypothesis, which proposes that our universe is the product of an
artificial computational process, and with pancomputationalist views that suggest reality itself is
a form of information processing. The more tightly we bind physical evolution to algorithmic
determinism, the more natural it becomes to interpret cosmology not as the study of matter in
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motion, but as the unfolding of encoded rules within a computational substrate. This section
explores how long-seeded pseudorandom generators could instantiate entire cosmic histories,
how the boot-up metaphor extends into metaphysics, and how advanced artificial intelligences
might one day simulate universes themselves—with or without recourse to quantum
indeterminacy.

6.1 Deterministic universe as output of a long PRNG string

If guantum randomness is functionally indistinct from pseudorandom output, then the entire
observable universe may be the consequence of a fixed deterministic seed fed into a universal
Turing machine. In this framing, the initial conditions of the cosmos—including the quantum
fluctuations during inflation, the apparent randomness in quantum measurements, and even
the stochastic behavior of biological evolution—are all computable outputs of a single
pseudorandom sequence. The universe would not require ongoing injections of ontic
randomness; instead, all such apparent randomness would have been front-loaded into the
original seed. The structure of the cosmos, its vast but finite variety, emerges from the unfolding
of this one-time initialization. Just as cryptographic systems derive vast entropy from compact
keys, so too might the universe's complexity be a vast expansion of a short string. This paradigm
shifts cosmology toward a deterministic decoding of a cosmic program and reorients theoretical
physics as a kind of reverse-engineering of the original seed and algorithm.

6.2 Pancomputationalism and “booting up” a universe

Pancomputationalism asserts that the universe is not merely described by computation but is
itself a computational process. In this view, physical laws are rules of transformation applied to
symbolic or information-theoretic states. Replacing quantum randomness with PRNGs makes
this ontology more tenable: one no longer needs to reconcile truly random events with
algorithmic determinism. A universe can be "booted up" from a defined starting seed, much like
initializing a simulation or loading a virtual machine. The metaphor of boot-up becomes literal:
initial conditions are not arbitrary but encoded, and their unfolding is governed by a
deterministic set of instructions. Inflation, structure formation, chemical evolution, and life itself
all follow as emergent consequences of rule execution. This computational cosmology invites
new models for understanding cosmogenesis, potentially replacing big bang singularity
problems with algorithmic thresholds. The “origin” of the universe then becomes not a physical
event, but a logical beginning—a moment when the first bit flipped, not because of quantum
tunneling or multiverse fluctuations, but because an algorithm began to run.
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6.3 Al cosmology: emulating universes with finite compute

As artificial intelligence and computational infrastructure advance, the prospect of simulating
increasingly complex physical systems becomes more than theoretical. If quantum randomness
can be supplanted by deterministic pseudorandomness, it becomes technically feasible to
emulate entire universes using finite resources—assuming the complexity of the seed and the
rules can be contained within a tractable computational envelope. Al-driven models could
simulate cosmological evolution not merely as an approximation of known physics, but as a full-
scale instantiation of a deterministic universe governed by computable pseudorandomness. In
this context, Al becomes both theorist and creator: exploring model universes, adjusting seeds,
and iteratively refining physical rules to match observations or explore alternatives. This opens a
new frontier for cosmology—not as an observational science alone, but as a design-oriented
exploration of possible universes. With sufficient abstraction, one could use Al to generate vast
ensembles of computational cosmologies, not to find our universe, but to better understand the
space of what can be algorithmically instantiated. This reframes physics from the study of “what
is” to the study of “what can be computed”—and in doing so, collapses the distinction between
model and world.

7. Philosophical and Theological Implications

The replacement of quantum randomness with pseudorandomness is not merely a technical
substitution—it strikes at the heart of long-standing metaphysical debates. Determinism versus
indeterminism, the nature of free will, the origins of complexity, and the role of divine agency
all hinge in part on whether reality is fundamentally open-ended or tightly encoded from the
outset. If what appears as randomness in quantum physics, biology, or human choice is in fact
the result of a deterministic computation seeded at the beginning of the universe, then we are
left with a cosmos in which contingency is an illusion, and every unfolding moment is already
implicit in the initial seed. This has consequences not only for metaphysics, but for theology.
Divine providence, simulationism, and the logic of creation itself must all be reconsidered under
a regime where randomness is not truly random, but cryptographically disguised order.

7.1 Determinism, free will, and pseudo-random fate

The idea of free will often depends—whether explicitly or implicitly—on the presence of
genuine unpredictability in the world. If events are truly random, then agents might exploit that
randomness to make choices unconstrained by prior causes. But if all randomness is
pseudorandom, generated by deterministic computation, then what we perceive as choice may
be little more than a traversal of a precomputed path. Each apparent decision, each moment of
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uncertainty, would merely be a computational waypoint, shaped by hidden inputs from the
original seed. From this perspective, free will becomes either an emergent illusion or a form of
higher-order pattern recognition that feels autonomous but is fully determined. Still, such a
view does not require fatalism; agents could be seen as informational systems operating on
complex inputs, navigating a world so richly encoded that outcomes are unpredictable in
practice, if not in principle. Pseudorandomness offers a kind of compatibilist middle ground: fate
is real but encrypted, and freedom is the experience of decoding our portion of the sequence
without knowing its origin.

7.2 Emergent complexity from seeded simplicity

A core philosophical puzzle is how immense complexity can emerge from apparently simple
laws and initial conditions. The hypothesis of a pseudorandom universe magnifies this enigma.
If the universe runs deterministically from a compact seed and a fixed rule set, then everything
from galaxies to consciousness must be implicit in the bit-patterns of its origin. Complexity, in
this case, is not built up from stochastic events or adaptive feedback, but unspooled from a pre-
encoded string that only appears to generate novelty. This challenges intuitions about causality
and creativity. Biological evolution, cultural innovation, even abstract thought may be best
understood not as open-ended processes but as deterministic elaborations of deeply
compressed origin data. In this framing, emergence is not a mystery but a computational
inevitability—a slow reveal of latent structure embedded from the start. This view aligns with
algorithmic information theory and certain Platonic conceptions of the universe, where
complexity is a shadow of underlying mathematical forms waiting to be unpacked.

7.3 Providence, simulationism, and divine computation

Theologically, the replacement of true randomness with pseudorandomness changes the role of
God—or any metaphysical author—from one who interacts with a living universe to one who
encoded its entire history in advance. Providence becomes not a continuous guidance through
an open world, but a form of divine compression: all events, even apparent miracles or
conversions, are already implicit in the original conditions. This view echoes the theological
determinism of figures like Calvin, but with a computational twist. It also resonates with
simulationist models, where a transcendent designer selects a seed and allows the system to
evolve, observing its unfolding with or without intervention. In this sense, the universe may be
akin to a vast cryptographic message—authored by a higher intelligence and designed to unfold
meaningfully within its bounds. Divine computation then becomes not a metaphor, but a
cosmological principle: creation as execution, providence as encoding, and existence as
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decryption. Such a perspective blurs the boundaries between theology and computer science,
suggesting that understanding the nature of the seed is not just a physical question, but a
metaphysical pilgrimage.

8. Quantum Technologies Without Quantum Randomness?

Quantum technologies are often perceived as riding on the back of intrinsic randomness.
Whether it is in the demonstration of quantum supremacy, the generation of cryptographic
keys, or the probabilistic nature of measurement-based quantum computation, quantum
randomness is thought to provide a resource that classical systems cannot replicate. But if the
randomness involved is not truly ontological—if it is functionally indistinguishable from a
pseudorandom sequence generated by a Turing machine—then the foundations of quantum
technological superiority must be re-evaluated. This section examines how core quantum
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applications would fare if quantum randomness were not “real” in a metaphysical sense, but
instead a deterministic illusion. We ask whether current claims of quantum advantage remain
valid, whether cryptographic security would be undermined, and whether any essential
component of the quantum technological ecosystem actually depends on indeterminacy—or if

it can be preserved under deterministic re-interpretation.

8.1 Reinterpreting quantum supremacy and randomness generation

Quantum supremacy refers to the demonstrated ability of a quantum device to perform a
computational task that is infeasible for any classical computer within a reasonable time frame.
The most prominent examples, such as random circuit sampling, are deeply rooted in the
unpredictability of quantum outcomes. But the supposed hardness of these tasks is not just
about raw complexity—it’s also about randomness. If the outputs of a quantum circuit can be
replaced by pseudorandom outputs that match the statistical profile of genuine quantum noise,
then classical emulation becomes harder to distinguish from real quantum performance. This
suggests that quantum supremacy, as currently framed, is not fundamentally a proof of
indeterminacy, but of computational complexity and entropy dispersion. In fact, if quantum
systems merely encode pseudorandom complexity from hidden deterministic dynamics, the
appearance of supremacy could persist—what changes is not the outcome, but the
metaphysical interpretation of the source. The question becomes: is quantum advantage a
physical reality, or an epistemic misreading of deeply complex deterministic systems?
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8.2 Post-quantum cryptography under deterministic assumptions

Quantum cryptographic protocols, especially quantum key distribution (QKD), claim security
from the laws of quantum physics—particularly the no-cloning theorem and the
unpredictability of measurement results. If a QRNG is assumed to produce truly random bits,
then adversaries cannot guess or reproduce the keys. But under deterministic
pseudorandomness, the security assumptions must be revisited. If the seed used in a QRNG can
be inferred or reconstructed—even in principle—then the randomness is not secure. However,
modern cryptographic practice already relies heavily on PRNGs with high entropy seeds and
assumes that adversaries lack knowledge of these seeds. In that sense, quantum cryptography
may simply reduce to a more hardware-intensive version of classical cryptographic protocols,
offering little more than an alternative source of high-quality pseudorandom bits. Post-quantum
cryptography, which includes lattice-based, hash-based, and code-based methods, already
prepares for a world where quantum adversaries exist but does not depend on quantum
randomness. If randomness can be deterministic yet cryptographically secure, then the main
contribution of quantum protocols may be their physics-based trust guarantees—not a
metaphysical randomness, but a practical one rooted in tamper resistance.

8.3 Does anything break if the randomness isn’t real?

Surprisingly, very little breaks functionally if guantum randomness is replaced with high-quality
pseudorandomness—so long as it is computationally indistinguishable from true randomness.
Most applications of randomness in quantum and classical computing are statistical: they
require sequences that are unpredictable, unbiased, and non-repeating over relevant
timescales. Whether those properties arise from a QRNG or a PRNG with an unknown seed is
irrelevant to the application, as long as the statistical profile is maintained. Foundational physics
may be reinterpreted, but technology remains robust. Simulation accuracy, cryptographic
strength, and experimental repeatability are not directly compromised. What does change is the
meaning of the observed outcomes. Quantum mechanics loses its last ontological anchor to
indeterminism, and quantum technology becomes a sophisticated exercise in managing
entropy—not invoking it. This redefinition shifts our understanding of quantum devices from
systems governed by nature’s randomness to machines that simply perform non-classical
transformations within a deterministic, albeit opaque, framework. In this sense, the
disappearance of true randomness does not collapse the edifice of quantum technology; it
reframes it as a deterministic art of illusions.
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9. Objections, Tests, and Interpretive Dangers

The proposal to replace quantum randomness with Turing-machine-generated
pseudorandomness is provocative precisely because it challenges the epistemic boundary
between what we observe and what we believe to be fundamentally real. However, any such
shift must contend with established experimental results, theoretical frameworks, and
philosophical commitments that strongly support the ontological interpretation of quantum
randomness. Critics may argue that pseudorandomness cannot replicate key empirical results
such as violations of Bell inequalities or the no-signaling nature of quantum correlations. Others
may note that quantum information theory is built on assumptions about irreducible entropy
that may be undermined by a deterministic re-interpretation. Still others may argue that
cosmology gains little from metaphysical debates if its predictive models remain effective. This
section addresses three of the most pressing objections to the pseudorandomness hypothesis
and considers the danger of interpretive overreach in recasting physical law through a
deterministic lens.

9.1 Can pseudorandomness replicate Bell inequality violations?

Violations of Bell inequalities are widely regarded as conclusive evidence against local hidden
variable theories. Experiments show that entangled particles exhibit correlations that cannot be
explained by any classical, deterministic, or locally causal mechanism. This seems to pose a fatal
challenge to the notion that pseudorandomness could underlie quantum behavior. However, a
critical nuance lies in the nature of the pseudorandom generator. If the seed includes
correlations between spatially separated measurement settings and outcomes—i.e,, if it
encodes global nonlocal structure—then it is mathematically possible for a deterministic
algorithm to reproduce the empirical statistics of Bell-type experiments. This would, however,
violate the assumption of measurement independence (also known as “free will”) and
reintroduce a form of superdeterminism: the idea that all variables, including experimenter
choices, are pre-determined and correlated. While superdeterminism is often dismissed for
being conspiratorial or unfalsifiable, it is logically consistent and compatible with observed data.
The interpretive danger lies in how it undermines the methodology of scientific inquiry—if
everything is seeded in advance, then controlled variation loses its explanatory power. Thus,
while pseudorandomness could in principle replicate Bell violations, doing so changes the
philosophical structure of science itself.
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9.2 Objections from quantum information theory

Quantum information theory assumes the existence of irreducible entropy—entropy that
cannot be compressed, predicted, or reconstructed by any deterministic process. Concepts such
as quantum key distribution, quantum teleportation, and the no-cloning theorem rely on this
assumption. If the apparent entropy of quantum measurements is merely the output of a
deterministic process seeded at the origin of the universe, then this “entropy” is epistemic, not
ontological. Critics may argue that this invalidates the theoretical purity of quantum protocols
and jeopardizes the security guarantees that stem from fundamental indeterminacy. However,
in practice, most security proofs already allow for bounded adversaries—attackers constrained
by finite computational resources. In that setting, pseudorandomness is adequate as long as the
seed remains hidden. Still, a deterministic substrate implies that perfect knowledge of the
universe’s initial state would allow retroactive decryption of any secure message, undermining
the theoretical ceiling of privacy. More abstractly, the deterministic model weakens the idea
that information has a “guantum” essence—making it harder to justify why nature privileges
one encoding over another if all outcomes are deterministically derived. In this view, quantum
information theory becomes less about reality and more about information management within
a particular operational frame.

9.3 Pragmatism vs realism in cosmological modeling

Cosmologists often adopt an instrumentalist stance: if a model predicts observable phenomena
accurately, its metaphysical commitments are secondary. The inflationary model, for example,
includes random quantum fluctuations, but these are treated pragmatically—as tools to
generate statistically consistent power spectra, not as philosophical truths. Under this view,
replacing quantum randomness with pseudorandomness may have no practical consequence.
The models still work, the simulations still run, and the predictions still match the sky. However,
the deeper implications of this substitution affect how we think about initial conditions,
causality, and the explanatory power of physical law. If randomness is deterministic, then
probabilities become shorthand for ignorance, not emergent from physical processes. The
universe becomes more like a computational artifact than a stochastic system. This introduces a
tension between empirical adequacy and ontological accuracy. A deterministic pseudorandom
cosmology may produce all the right numbers, but it redefines what those numbers mean. The
interpretive danger is subtle: we may preserve the form of science while hollowing out its
metaphysical content, replacing discovery with decoding, and mystery with precompiled logic.
Whether this is a liberation or a loss depends on one's philosophical orientation—but either
way, it marks a profound shift in the aims of cosmological explanation.
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10. Conclusion: Is the Universe Written in Code?

The hypothesis that quantum randomness can be replaced by deterministic pseudorandomness
challenges one of the most deeply embedded assumptions in modern physics—that the
universe contains true, irreducible uncertainty. If randomness is merely functional rather than
fundamental, then the entire edifice of cosmology, quantum theory, and statistical mechanics
can be reinterpreted as the execution of a deterministic algorithm seeded at the origin. This
does not deny the complexity or richness of the cosmos; rather, it suggests that such richness
may be the result of compressed initial information—code, not chaos. The universe may still be
probabilistic in appearance, thermodynamic in behavior, and quantum in formalism, yet all of
this could emerge from a single, finely tuned string of bits processed by rules as definite as
those found in any computer. In this concluding section, we revisit the implications of this
possibility, not to assert it as truth, but to consider how its adoption might reshape our
understanding of physics, metaphysics, and the trajectory of scientific modeling.

10.1 Reassessing physical indeterminacy

At the core of quantum mechanics lies the belief that some outcomes are truly unpredictable—
not due to ignorance, but due to the structure of reality itself. If we reevaluate this belief
through the lens of pseudorandomness, we discover that many of the empirical claims used to
justify indeterminacy are compatible with deterministic processes—so long as those processes
are complex enough to prevent practical predictability. The reclassification of quantum
randomness as epistemic, rather than ontic, does not immediately undermine physics, but it
reframes its aims. Instead of seeking explanations in terms of probability distributions over
metaphysically uncertain outcomes, we might instead study the computational structure of the
processes that generate those outcomes. This reinterpretation bridges the gap between
classical determinism and quantum unpredictability, suggesting a universe that is not random,
but encrypted. In this context, quantum indeterminacy becomes a phenomenological artifact of
our computational limits, not a reflection of nature’s spontaneity.

10.2 From metaphysics to engineering: modeling under PRNG assumptions

Adopting pseudorandomness as a foundational assumption does not simply alter metaphysical
frameworks—it provides a new engineering paradigm. If quantum randomness is no more than
a deterministic sequence masked by complexity, then physical models can be constructed to
emulate such sequences with appropriate seeding and algorithmic depth. This opens a pathway
for high-fidelity cosmological and quantum simulations that do not require stochastic inputs,
only algorithmically rich ones. It suggests that predictive models could be evaluated not just on
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their correspondence with experiment, but on their compressibility, seed-dependence, and
sensitivity to algorithmic initial conditions. In effect, cosmology becomes a domain of codecraft.
This shift has practical implications: it could simplify quantum device emulation, alter our
approach to entropy modeling, and unify disparate fields—quantum computing, statistical
physics, and complexity theory—under a single deterministic umbrella. Modeling the universe
as a computation is no longer a metaphor but a testable engineering stance: an effort to
replicate cosmic evolution not through physical randomness, but through recursive logic and
seeded complexity.

10.3 Toward a deterministic, computable cosmology

The long arc of scientific thought has bent toward increasing mathematization and abstraction.
From Newton’s equations to Einstein’s field theories, and from Schrodinger’s wavefunction to
the path integral formalism, physics has progressively encoded nature in symbolic systems. The
pseudorandom hypothesis extends this trajectory into the computational realm. A
deterministic, computable cosmology envisions the universe as a consequence of an algorithmic
unfolding of a compact initial string—whether that string originates from a metaphysical
Creator, a self-configuring computational substrate, or an abstract mathematical object. Under
this view, the universe is no longer a play of probabilities but a precise, albeit unreadable, book
written in code. The randomness we see is not a window into chaos but a veil over determinism.
This does not render the cosmos less wondrous; rather, it repositions wonder as the recognition
of deep order beneath apparent disorder. If the universe is written in code, then physics
becomes the study of that code’s structure, its syntax, and its generative power. The next
chapter in cosmology may not be found in the vacuum fluctuations of particle fields—but in the
architecture of computation itself.
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