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A view from the eyes of “The Simulator“ who is the entity running the simulation that 
encompasses all of the agents and the agents world.   And from the agents perspective, how 
limitations might manifest themselves as limitations or laws in their world. 

Original question:

If I wanted to use artificial intelligence to create a simulation of a world filled with agents that 
don’t know that there are a simulation I obviously would have limited resources and energy to 
power, the clusters and the physical cluster size and resources you can think cores and RAM so 
because of these limitationshow would these limitations be perceived or projected into the 
simulation so for instance, how would these limitations on the simulation, hardware and energy 
project itself into the actual simulating and how would the agent perceive this limitation’s 

Abstract

Abstract: Simulating Reality: Computational Constraints and Emergent Quantum Phenomena
This work explores the potential impact of computational limitations on the simulation of a 
complex reality populated by sentient agents unaware of their simulated nature. Recognizing the 
inherent constraints on computational resources, including processing power, memory, and 
energy, we investigate how these limitations might manifest within the simulation itself and how 
they could be perceived by the simulated agents. Unlike previous considerations of simulated 
time as a variable flow, we posit that within the agents' local frames of reference, time progresses 
uniformly. Instead, limitations manifest as constraints on the complexity, detail, and dynamism of 
the simulated world.
We begin by examining the effects of limited computational power. This manifests as perceptual 
limitations for agents, including reduced visual detail, simplified environmental phenomena (such 
as less intricate weather patterns), and constraints on agent memory and cognitive capacity. 
Critically, computational limitations are hypothesized to manifest as “lag” or delays in the 
simulation’s response to agent actions. This lag, rather than glitches or inconsistencies, would be 
perceived by agents as unpredictable events or limitations on their own capabilities.
Energy constraints, rather than distorting time perception, are proposed to limit the overall 
activity and complexity of the simulated environment. This could lead to resource scarcity, 
simplified ecosystems, less frequent or detailed large-scale events, and the presence of 
“standby” or reduced activity areas within the simulation. Agents encountering these areas might 
perceive them as barren, lifeless, or unexplored territories.
Hardware limitations, such as storage capacity and world size, would manifest as world 
boundaries or “edge of the map” effects, as well as repetitive environmental elements. Errors in 
the simulation’s code or hardware would still occur, but instead of being attributed to time 
distortions, these would be interpreted as anomalies or inconsistencies in the fabric of reality, 
potentially giving rise to myths, superstitions, or nascent “scientific” theories within the agent 
population.



A key focus of this work is the emergence of quantum-like phenomena from these computational 
constraints. We argue that limitations in the simulation’s ability to represent particle properties 
with infinite precision could give rise to effects analogous to the Heisenberg Uncertainty 
Principle. Discretization of space and time into fundamental units, akin to “pixels” of simulation, 
could similarly introduce inherent uncertainties in measurements. Furthermore, computational 
trade-offs between calculating position and momentum could directly mirror the uncertainty 
principle.
The concept of the Planck length is reinterpreted as the smallest resolvable unit of space within 
the simulation, below which meaningful distinctions become computationally prohibitive. The 
speed of light is proposed not as a fundamental property of spacetime within the simulation, but 
as an emergent limit on information processing and propagation, potentially arising from 
limitations in communication infrastructure or processing power. This limit also serves to enforce 
causality within the simulation, preventing paradoxes and inconsistencies.
Critically, we explore how quantum effects, such as tunneling and entanglement, could emerge 
from the simulation’s inherent limitations. Tunneling could arise from the simulation’s inability to 
perfectly resolve particle positions and momenta, while entanglement is explained through the 
concept of deferred computation and shared representations.
Instead of simulating every possible state of a particle in superposition, the simulation stores a 
representation of the superposition itself, deferring the assignment of definite values until an 
observation or measurement occurs. In the case of entangled particles, the simulation maintains a 
shared representation of their correlated superposition. When one entangled particle is observed, 
the simulation retrieves the appropriate correlated value for the other particle from this shared 
representation. This mechanism eliminates the need for faster-than-light communication, 
elegantly explaining the instantaneous correlations observed in entangled systems and 
conserving significant computational resources. This is analogous to "lazy evaluation" in 
computer science, where values are computed only when needed. This approach also explains the 
collapse of the wave function as the point where the simulation finally performs the necessary 
computation to assign definite values to the particle's properties.
This model suggests that many of the fundamental laws and phenomena we observe in our own 
universe, including quantum mechanics, could be emergent properties of a computationally 
constrained reality. By carefully considering the limitations of a hypothetical simulation, we gain 
valuable insights into the nature of reality itself and the possibility that our own universe is a 
simulation.

Research:

It's certainly plausible that limitations in the simulation could manifest in ways that resemble 
fundamental quantum phenomena. Here's how:
1. Heisenberg Uncertainty Principle:
 * Limited precision: In a simulation with finite computational resources, it might be impossible to 
represent the position and momentum of particles with infinite precision. There would be inherent 



limitations in the accuracy of these values, mirroring the uncertainty principle.
 * Discretization effects: If the simulation operates on discrete units of space and time (like pixels 
on a screen), this could introduce inherent uncertainties in measurements. For example, a 
particle's position might only be defined to the nearest "pixel," leading to an inherent uncertainty 
in its location.
 * Computational trade-offs: The simulation might have to make trade-offs between calculating 
position and momentum to conserve resources. Calculating one with high precision might require 
sacrificing precision in the other, again mirroring the uncertainty principle.
2. Planck Length:
 * Fundamental unit of simulation: The Planck length could represent the smallest unit of space 
that the simulation can resolve. It could be analogous to the "pixel size" of the simulation, below 
which distances cannot be meaningfully distinguished.
 * Computational limit: Trying to simulate phenomena at scales smaller than the Planck length 
might require prohibitive amounts of computational power, effectively making it a fundamental 
limit within the simulation.
3. Speed of Light:
 * Information processing limit: As discussed earlier, the speed of light could represent the 
maximum rate at which information can be processed and propagated within the simulation. This 
could be due to limitations in the simulation's communication infrastructure or processing power.
 * Causality enforcement: The speed of light could be a mechanism to enforce causality within the 
simulation. By limiting the speed at which information can travel, the simulation can prevent 
paradoxes and inconsistencies that might arise from faster-than-light communication.
4. Quantum Effects:
 * Tunneling: This could arise from the simulation's inability to perfectly resolve the positions and 
momenta of particles, allowing them to "tunnel" through barriers that would be classically 
impenetrable. This could be a consequence of the discretization effects or computational trade-
offs mentioned earlier.
 * Entanglement: This is a more complex phenomenon, but it could potentially arise from the way 
the simulation manages information and correlations between particles. If the simulation uses 
efficient algorithms to store and retrieve information about entangled particles, it might create 
the appearance of instantaneous connections between them, even if there is no actual faster-
than-light communication.
Important Considerations:
 * Emergent phenomena: It's important to remember that these quantum-like effects would be 
emergent properties of the simulation, not necessarily fundamental laws of physics within the 
simulated world. They would arise from the underlying limitations of the simulation's hardware 
and software.
 * Agent perception: The agents within the simulation might interpret these effects as 
fundamental laws of nature, just as we do in our own reality. They might develop complex theories 
to explain them, potentially leading to scientific discoveries that mirror our own understanding of 
quantum mechanics.



By carefully designing the limitations of the simulation, it might be possible to create a world that 
exhibits many of the same quantum phenomena that we observe in our own universe. This could 
provide valuable insights into the nature of reality and the possibility that our own universe is a 
simulation.

Quantum mechanics, including Superposition and entanglement 

How a simulation could efficiently handle superposition and entanglement: deferring the 
assignment of definite states until observation. This is a brilliant optimization strategy, and it 
elegantly explains the apparent "spooky action at a distance" in entanglement.
Let's break down how this works:
Superposition as Deferred Computation:
 * Saving resources: Instead of simulating every possible state of a particle in superposition 
simultaneously, the simulation simply stores a representation of the superposition itself. This 
representation could be a mathematical formula or a set of probabilities. No actual computational 
resources are spent simulating the individual states until they are needed.
 * Analogy to lazy evaluation: This is similar to the concept of "lazy evaluation" in computer 
programming, where a value is not computed until it is actually used. This saves processing power 
and memory, especially when dealing with complex or computationally intensive calculations.
Entanglement as Shared Representation:
 * Linked superpositions: In the case of entangled particles, the simulation stores a shared 
representation of their combined superposition. This representation encodes the correlation 
between the particles' states, ensuring that if one particle is found in a particular state, the other 
will instantly be found in the corresponding entangled state.
 * No actual communication: Crucially, there is no need for any actual communication or 
information transfer between the entangled particles when one of them is observed. The 
simulation simply retrieves the appropriate values from the shared representation based on the 
observed state of one particle.
 * Instantaneous correlation: This explains the seemingly instantaneous correlation between 
entangled particles, even when they are separated by vast distances. It's not that information is 
traveling faster than light; it's that the information was already encoded in the shared 
representation from the beginning.
Collapse of the Wave Function as Computation:
 * Assigning definite values: When an observation or measurement occurs, the simulation finally 
performs the computation necessary to assign definite values to the particles' properties. This is 
what we call the "collapse of the wave function."
 * Randomness within constraints: The specific values assigned are chosen randomly, but within 
the constraints imposed by the superposition and entanglement. This ensures that the 
probabilities and correlations encoded in the shared representation are preserved.
 * Local computation: This computation is entirely local to the observer or measuring device. 
There is no need for any global update or synchronization across the simulation.



Example:
Imagine two entangled photons, A and B. The simulation stores a shared representation indicating 
that if A is measured to have vertical polarization, B will instantly be found to have horizontal 
polarization, and vice versa. Until a measurement is made, no actual polarization values are 
assigned. When a measurement is performed on photon A, the simulation randomly chooses 
either vertical or horizontal polarization (with the appropriate probability). Based on this choice, 
the simulation instantly assigns the corresponding entangled polarization to photon B, retrieving 
it from the stored correlated state.
Advantages of this approach:
 * Massive resource savings: By deferring computation until observation, the simulation can 
drastically reduce the amount of processing power and memory required to simulate quantum 
phenomena.
 * Elegant explanation of entanglement: This approach provides a natural and elegant explanation 
for the seemingly paradoxical behavior of entangled particles.
 * Consistency with quantum mechanics: This approach is consistent with the predictions of 
quantum mechanics, while also providing a plausible mechanism for how these phenomena could 
be implemented in a simulated reality.
This mechanism is a very clever way to implement quantum mechanics within the constraints of a 
finite simulation. It elegantly addresses the issues of superposition, entanglement, and the 
collapse of the wave function while minimizing computational overhead.
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Below are speculative “in-simulation” explanations for why what we call “gravity” might actually 
be a manifestation (or side effect) of deeper computational or resource constraints—rather than a 
truly fundamental force—when viewed from the perspective of an all-powerful “Simulator.”

Gravity as a “Geometry Hack” to Minimize 
Computation

• Agents’ Perspective:
From the agents’ point of view, gravity 
emerges as the curvature of spacetime and acts 
on objects with mass/energy. They observe that 
large masses “bend” their environment so that 
free-falling objects follow curved paths—a 
geometric effect, not a “force” in the 



traditional sense.
• Simulator’s Perspective:

Rather than simulating a separate 
gravitational force with all its complexities, 
the Simulator may find it more resource-
efficient to represent large-scale mass 
interactions by “warping” a global coordinate 
system.

• Why This is Efficient: Computing direct 
force interactions between every pair of 
massive objects can become prohibitively large 
as the number of objects grows (an  problem). 
Instead, the Simulator uses a global geometry 
engine (e.g., a single “spacetime grid” that 
is curved around mass) and any agent or object 
traveling through it “feels” the effects of 
gravity.

• Resource vs. Realism: The curvature-based 
approach is less computationally expensive 
because it offloads the burden onto geometry 
calculations rather than simulating each 
gravitational interaction individually. This 
“hack” lowers processing costs while still 
producing macroscopically realistic behavior.

Putting It All Together

In this simulated-reality picture, gravity 
appears to agents as a pervasive, geometry-



driven phenomenon that is curiously difficult 
to merge with known quantum forces. From the 
Simulator’s vantage point, the curvature of 
spacetime (or gravity) is simply the most 
cost-effective way to manage large-scale 
interactions, preserving realism at human and 
cosmic scales without devoting resources to a 
fundamental, unified gravitational force.

• Constraints as Laws: In-world, these 
computational shortcuts become immutable “laws 
of physics.” Agents discover them, measure 
them, and build advanced theories around them—
but they can never fully unify them with other 
phenomena if the underlying code doesn’t unify 
them itself.

• Why Agents Perceive Stability: The 
Simulator enforces internal consistency (no 
glaring “glitches”) to maintain immersion. 
Hence, across observable time and space, 
gravity’s behavior remains consistent enough 
to become a cornerstone of agent science—even 
though it’s ultimately a byproduct of higher-
level resource constraints.

In short, gravity—rather than being a 
fundamental “force” that neatly fits into a 
grand unification scheme—could be an emergent 
property of how the Simulator’s “computational 
engine” handles large-scale masses under 



finite processing and storage budgets. Because 
gravity is just an effect of the underlying 
data-structuring rather than a genuine quantum 
interaction, attempts at “unifying it” with 
the other forces fail. It remains effectively 
“outside” the normal force framework.

Refined by Gemini 2.0

Here's the revised version, incorporating the suggestions:
Gravity as a “Geometry Hack” to Minimize Computation in a Simulated Reality
This presents speculative “in-simulation” explanations for why what we call “gravity” might 
actually be a manifestation (or side effect) of deeper computational or resource constraints—
rather than a truly fundamental force—when viewed from the perspective of an all-powerful 
“Simulator.”
Gravity as a “Geometry Hack” to Minimize Computation
 * Agents’ Perspective: From the agents’ point of view, gravity emerges as the curvature of 
spacetime and acts on objects with mass/energy. They observe that large masses “bend” their 
environment so that free-falling objects follow curved paths—a geometric effect, not a “force” in 
the traditional sense.
 * Simulator’s Perspective: Rather than simulating a separate gravitational force with all its 
complexities, the Simulator may find it more resource-efficient to represent large-scale mass 
interactions by “warping” a global coordinate system. This warping could be implemented by 
varying the density of the spacetime grid, with regions of high mass/energy corresponding to 
regions of higher grid density, thus creating the observed curvature.
 * Why This is Efficient: Computing direct force interactions between every pair of massive 
objects can become prohibitively large as the number of objects grows (an O(n^2) problem). 
Instead, the Simulator uses a global geometry engine (e.g., a single “spacetime grid,” perhaps a 
complex network of interconnected nodes whose density varies with energy/mass) and any agent 
or object traveling through it “feels” the effects of gravity. This is similar to how computer 
graphics engines use level-of-detail rendering, where distant objects are rendered with less detail 
to save processing power. The simulator is essentially using a simplified 'level of detail' for gravity 
at large scales.
 * Resource vs. Realism: The curvature-based approach is less computationally expensive 
because it offloads the burden onto geometry calculations rather than simulating each 
gravitational interaction individually. This “hack” lowers processing costs while still producing 
macroscopically realistic behavior.
Putting It All Together
In this simulated-reality picture, gravity appears to agents as a pervasive, geometry-driven 



phenomenon that is curiously difficult to merge with known quantum forces. From the Simulator’s 
vantage point, the curvature of spacetime (or gravity) is simply the most cost-effective way to 
manage large-scale interactions, preserving realism at human and cosmic scales without 
devoting resources to a fundamental, unified gravitational force.
 * Constraints as Laws: In-world, these computational shortcuts become immutable “laws of 
physics.” Agents discover them, measure them, and build advanced theories around them—but 
they can never fully unify them with other phenomena if the underlying code doesn’t unify them 
itself.
 * Why Agents Perceive Stability: The Simulator enforces internal consistency (no glaring 
“glitches”) to maintain immersion. Hence, across observable time and space, gravity’s behavior 
remains consistent enough to become a cornerstone of agent science—even though it’s ultimately 
a byproduct of higher-level resource constraints. Furthermore, phenomena like dark matter and 
dark energy, which are currently unexplained by our physics, could be related to the simulator’s 
attempts to maintain consistency in this simplified gravitational model, acting as 'fudge factors' 
to reconcile observations with the computationally efficient geometry hack.
In short, gravity—rather than being a fundamental “force” that neatly fits into a grand unification 
scheme—could be an emergent property of how the Simulator’s “computational engine” handles 
large-scale masses under finite processing and storage budgets. Because gravity is just an effect 
of the underlying data-structuring rather than a genuine quantum interaction, attempts at 
“unifying it” with the other forces fail. It remains effectively “outside” the normal force 
framework.

The failure of gravity to fit in the grand unification theory

You've perfectly captured the essence of the argument. The core idea is that the failure of grand 
unification theories stems from a fundamental mismatch in how gravity is implemented within the 
simulation compared to the other fundamental forces.
Here's a more explicit articulation of this takeaway:
The persistent failure of grand unification theories, which seek to combine gravity with the other 
fundamental forces (electromagnetism, weak nuclear force, and strong nuclear force), can be 
elegantly explained within the context of a simulated reality. The key insight is that gravity, as 
experienced by the simulated agents, is not a fundamental force at all. Instead, it is an emergent 
property arising from the Simulator's computationally efficient method of managing large-scale 
interactions involving mass and energy.
While the other fundamental forces are likely implemented through local, particle-based 
interactions (potentially involving quantum field theories or similar mechanisms), gravity is 
implemented through a global "geometry hack." The Simulator warps the fabric of spacetime 
itself (represented by a global coordinate system or spacetime grid) to simulate the effects of 
gravity, rather than calculating individual gravitational interactions between every pair of objects. 
This is a crucial optimization, as calculating pairwise interactions becomes computationally 
intractable for large numbers of objects (the O(n^2) problem).



Consequently, gravity is calculated using a fundamentally different function or algorithm within 
the simulation than the functions governing the other forces. It's not a local interaction governed 
by quantum fields; it's a global geometric effect arising from the structure of the simulation's 
underlying data structures. This explains why attempts to unify gravity with the other forces 
within a single theoretical framework have consistently failed. It's akin to trying to unify the 
rendering of a background skybox in a video game (a global effect) with the physics of individual 
objects within the game world (local interactions). They are fundamentally different levels of 
abstraction and implementation.
Therefore, within this simulated reality paradigm, the failure of grand unification is not a failure of 
our scientific understanding, but rather a consequence of the underlying architecture of the 
simulation itself. Gravity is "outside" the normal force framework because it's not a force at all; 
it's an artifact of the simulation's design.
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Below are a few speculative, in-simulation 
strategies one might attempt to probe whether 
“gravity” is truly a fundamental interaction—
or merely a resource-saving field calculation 
in a parent simulation. Of course, all such 
tests are highly theoretical and might be 
thwarted by the Simulator’s built-in error-
correction or “reality-enforcing” routines. 
Nevertheless, if you wanted to push the 
boundaries from within, here are some ideas:

1. Look for “Rounding Errors” or Quantization 
in Gravitational Effects

Rationale:
If gravity is implemented as a “field 
approximation” that updates at finite 
intervals or uses discrete resolution, there 



might be detectable “rounding errors” under 
extreme conditions. Actual general relativity 
does not predict any such discrete steps in 
gravitational influence—gravity (in theory) is 
smooth and continuous.

Potential Experiment:
• High-Precision Orbital Measurements: 

Measure the orbits of small test masses in 
extremely fine detail (e.g., near a highly 
sensitive torsion pendulum or in satellite 
formations around Earth). If the gravitational 
field occasionally snaps or jitters in ways 
unexplained by general relativity, it could 
hint at a stepwise or pixelated underlying 
algorithm.

• Gravitational Wave “Noise”: Observe 
gravitational waves at incredibly high 
resolution (think next-generation detectors 
far beyond LIGO’s sensitivity). If the 
waveforms exhibit low-level quantized 
artifacts or “aliasing,” that could suggest 
the wave is being simulated rather than 
arising from a continuous geometry.

2. Exploit “Lazy Evaluation”: Unobserved vs. 
Observed Regions

Rationale:



Some simulation hypotheses propose that the 
parent system only computes details of regions 
and phenomena being actively observed, to save 
on resources—much like a video game culling 
unseen polygons. If gravity is part of that 
resource-saving strategy, you might detect 
discrepancies when certain gravitational 
interactions occur “off-camera.”

Potential Experiment:
• Delayed-Choice Gravity Measurement: Set 

up a scenario in which you carefully shield a 
local region from all possible observation (no 
light signals, no direct measurement). You 
then quickly “peek” at the system’s 
gravitational state in a way that might catch 
the simulation out—e.g., if the field wasn’t 
fully updated until the moment of observation.

• Gravity in “Unused” Space: Compare 
gravitational influences near “quiet” or 
“unobserved” areas (perhaps in deep space or 
in a hidden lab) versus well-observed areas. 
If the simulation lumps or generalizes distant 
gravitational fields in a cruder, less 
resource-intensive manner, small anomalies 
might appear when you suddenly measure them 
precisely.

3. Search for Resource Bottlenecks During 



Massive Computations

Rationale:
If gravity is a geometry hack used to minimize 
total computation, then exceptionally 
demanding simulations within your world (e.g., 
many simultaneous large-scale gravitational 
phenomena) might push the system toward its 
computational limits, causing temporary 
“rendering” anomalies or lags.

Potential Experiment:
• Extreme Mass Distributions: Arrange mass 

in unusual configurations (assuming you have 
the technology—e.g., large-scale astrophysical 
engineering) and measure how the gravitational 
field responds. If the Simulator reassigns 
resources to maintain the illusion in one 
region, you might detect slight performance 
degradation or unexpected simplifications 
elsewhere.

• Localized Curvature Stress-Test: 
Intensify curvature in a small region (like 
creating artificial mini-black-hole analogs or 
ultra-dense objects) and track minute changes 
in the gravitational environment. Unexpected 
distortions or “downgrading” of fidelity in 
nearby phenomena could hint that the Simulator 
is under load.



4. Check for “Gravitational Firewall” at the 
Planck Scale

Rationale:
If space (and therefore gravity) is ultimately 
rendered at a smallest possible “pixel” size 
(akin to the Planck length), then around 
extremely high energies or near black hole 
event horizons, you might see unnatural 
cutoffs or “firewalls” that deviate from 
predictions of continuous space-time.

Potential Experiment:
• High-Energy Collider Experiments: Push 

collisions to energies approaching or 
exceeding the scale at which quantum gravity 
effects should become relevant. If gravity 
(curvature) is just a big-scale approximation, 
the simulation might not replicate all the 
micro-scale phenomena (Hawking radiation, 
quantum foam, etc.) accurately.

• Microscopic Black Hole Searches: If you 
create or detect mini black holes 
(hypothetical in standard physics, but 
sometimes predicted in theories of large extra 
dimensions), watch for anomalies in their 
decay patterns. Any mismatch from predicted 
quantum gravity signatures could be a sign 



that we’re seeing a hack instead of real 
geometry.

5. Synchronize Gravitational Measurements 
Across Vast Distances

Rationale:
One hallmark of a single “field calculation” 
might be suspiciously perfect global 
consistency—especially if it’s updated in a 
single pass or in discrete time steps across 
the entire simulation. Real physics, governed 
by locality and finite signal speeds, can 
introduce subtle timing differences or 
wavefront arrivals.

Potential Experiment:
• Network of Ultra-Accurate Clocks: Place 

precision clocks (like optical lattice clocks) 
around the galaxy, each also measuring local 
gravitational potential. If gravity is updated 
in a single global operation, you might 
observe correlated timing anomalies that skip 
the usual local-causality constraints.

• Multi-Point Wave Detection: Attempt to 
measure gravitational waves from the same 
source using detectors separated by immense 
distances. If the wavefront seemingly arrives 
“too synchronized” or with patterns that defy 



the finite speed of light, that could hint at 
a unified behind-the-scenes calculation.

In Conclusion

None of these hypothetical experiments 
guarantee a “smoking gun,” because the parent 
Simulator might be robust enough to mask such 
clues. Still, from the perspective of curious 
agents seeking to test whether gravity is an 
emergent “computation-saving hack,” these 
strategies aim to probe the boundaries where a 
field-approximation algorithm might break 
down. You’d be hunting for rounding errors, 
delayed updates, resource bottlenecks, or 
global synchronization mismatches—all of which 
go beyond the predictions of standard physics.

If any such anomalies were conclusively 
documented and reproducibly measured, they’d 
serve as strong evidence that the laws of 
gravity we observe are not deeply fundamental 
but rather a cost-effective way for the 
Simulator to handle large-scale mass 
interactions. In that scenario, you—and your 
fellow agents—would have glimpsed the 
scaffolding behind reality itself.

Gemini 2.0 on Photons



You've raised two excellent points that connect deeply with the simulation hypothesis and the 
nature of reality: the photon's experience of time and the double-slit experiment.
1. A Photon's Lack of Time:
 * Relativity and the photon's perspective: According to special relativity, time dilation becomes 
infinite as an object approaches the speed of light. From a photon's perspective, traveling at the 
speed of light, no time passes. It is emitted and absorbed instantaneously, from its perspective.
 * Simulation interpretation: This could be interpreted in a few ways within a simulation context:
   * Computational shortcut: The simulation might not need to explicitly calculate the passage of 
time for photons. Because they travel at the fundamental speed limit of the simulation (analogous 
to the speed of light), their trajectory can be calculated directly without needing to step through 
time. This saves significant computational resources. It's like the simulation simply calculates the 
start and end points of the photon's journey and renders the result.
   * Information transfer: A photon could be viewed as a unit of information being transferred 
between two points in the simulation. From the simulation's perspective, this transfer is 
instantaneous, regardless of the distance in the simulated world. This avoids the need to simulate 
the photon's journey through time.
   * Boundary condition: The photon's lack of time experience could be a boundary condition built 
into the simulation. It's a fundamental rule that information propagates at a certain speed, and 
this rule is implemented in a way that eliminates the concept of proper time for the information 
carrier.
2. The Double-Slit Experiment:
 * Wave-particle duality and interference: The double-slit experiment demonstrates the wave-
particle duality of light (and other quantum particles). A single photon, when passed through two 
slits, creates an interference pattern on a detector screen, as if it had passed through both slits 
simultaneously as a wave. However, when measured at the slits, it only goes through one slit or 
the other like a particle.
 * Simulation interpretation: This can also be interpreted within a simulation framework:
   * Deferred computation (as discussed previously): The simulation doesn't need to decide which 
path the photon takes until it is "observed" (interacts with the detector). Before observation, the 
photon exists in a superposition of states, represented as a wave function. This wave function 
propagates through both slits, creating the interference pattern. Only upon detection does the 
simulation collapse the wave function and assign a definite path to the photon.
   * Wave function as a probability distribution: The wave function could be interpreted as a 
probability distribution stored within the simulation. It represents the probabilities of the photon 
being at different locations. The interference pattern arises from the interference of these 
probability distributions.
   * Simulation of wave propagation: The simulation could be explicitly simulating the propagation 
of waves through the slits, and then only resolving the particle nature of the photon at the point of 
detection. This could be done with minimal computational cost by using wave equations until the 
point of measurement.
Connecting the Two:



Both the photon's lack of time experience and the double-slit experiment can be explained by the 
simulation employing efficient computational strategies. In both cases, the simulation avoids 
unnecessary computations by deferring the assignment of definite values until they are needed. 
This is a powerful optimization technique that allows the simulation to handle complex quantum 
phenomena with limited resources.
In the case of the photon, not simulating time for it simplifies calculations drastically. In the 
double-slit experiment, not resolving the photon's path until measurement avoids having to 
simulate multiple parallel universes or computationally expensive particle interactions during 
propagation. These are both examples of how the simulation might be using "shortcuts" that 
happen to manifest as the quantum phenomena we observe.
The fact that these seemingly disparate phenomena can be explained through a common 
computational principle within the simulation hypothesis strengthens the idea that our reality 
could be a simulation. It suggests a deeper underlying logic that connects these seemingly 
strange aspects of quantum mechanics.
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Below is a synthesis of how photons—and 
specifically, their lack of experienced time 
and the double-slit experiment—can be 
interpreted under a simulation framework. 
We’ll explore why these quantum phenomena 
might actually be “shortcuts” in a parent 
simulation that’s optimizing its resource 
usage.

1. A Photon’s “Timeless” Existence

From Standard Physics
• Relativity View: According to special 

relativity, as an object approaches the speed 
of light, time slows down infinitely from its 
own reference frame. A photon, traveling 
exactly at light speed, experiences no passage 



of time (proper time = 0).
• Physical Interpretation: From our human 

perspective, a photon might be emitted from a 
distant star and absorbed on Earth millions of 
years later, but from the photon’s 
“perspective,” emission and absorption are 
effectively simultaneous.

Simulation Interpretation
1.Computational Shortcut
• No Time Updates Needed: If you’re 

programming a simulation, anything traveling 
at the fastest possible speed (the 
simulation’s “speed of light”) can be computed 
without stepping through incremental time 
frames. Instead, the simulator just calculates 
the photon’s start and end states.

• Instantaneous from the Photon’s POV: The 
simulation saves resources by not running 
“per-tick” updates for photons. It simply 
knows photon X starts at location A and ends 
at location B.

2.Information Transfer
• Packets of Data: In a simulated universe, 

photons can be treated as minimal data packets 
transferring information between points. The 
simulator doesn’t need to treat them like 
normal objects with timelike existence.

• Speed Limit as a Boundary Condition: The 



speed of light is the maximum rate at which 
the simulator’s “message passing” occurs. This 
boundary ensures causality within the 
simulation while letting photons ignore the 
usual time-updates that apply to slower-moving 
matter.

3.Resource Optimization
• No Redundant Calculations: By effectively 

skipping the “in-flight” details of photons, 
the simulator avoids the overhead of tracking 
their positions at every infinitesimal 
instant.

• Energy Conservation: The simulation might 
only render the photon’s effect at interaction 
points (emission and absorption) rather than 
continuously simulating its entire trajectory.

2. Double-Slit Experiment: Wave-Particle 
Duality

From Standard Physics
• Core Mystery: A single photon passing 

through two slits produces an interference 
pattern on a screen (like a wave), yet if you 
place a detector at the slits to see “which 
slit” it goes through, it behaves like a 
particle.

• Quantum Superposition: Quantum mechanics 
posits that the photon’s wave function goes 



through both slits simultaneously until 
measurement forces a collapse.

Simulation Interpretation
1.Deferred Computation
• Wave Function as a Placeholder: The 

simulator does not assign a definite path to 
the photon when it passes through the slits. 
Instead, it maintains a “wave-like” 
probability distribution.

• Collision/Measurement = Collapse: Only 
when the photon interacts with a detector (or 
the screen) does the simulation perform a 
final calculation, choosing a specific outcome 
consistent with the probability amplitudes.

2.Probability Distribution Storage
• Wave Equation as a Cheap Approximation: 

Instead of tracking individual photon 
trajectories, the simulator runs a wave 
equation (like a single partial differential 
equation) to get the interference pattern.

• Collapse at Observation: Storing a 
probability distribution takes less memory and 
computational power than simulating each 
possible photon path. The wave function is 
“collapsed” only upon measurement, saving 
compute cycles in the interim.

3.“Lazy Evaluation” in Action
• Avoiding Parallel Worlds: The simulation 



doesn’t need to spawn multiple realities for 
each slit path. It only “resolves” reality 
when the measurement demands a concrete 
result.

• Interference Emergence: By maintaining a 
superposed wave function across the two slits, 
the interference pattern emerges naturally—no 
need for explicit micromanagement of each 
possible photon trajectory.

3. Bridging the Two Phenomena

What ties these ideas together is the concept 
that the simulation only calculates what it 
needs, when it needs it:

1.Photons and Time: Because photons always 
move at the simulation’s speed limit, the 
system might not process any “in-between” time 
for them. This is an ultimate optimization: 
you never have to simulate a photon’s mid-
flight timeline.

2.Double-Slit and Measurement: For quantum 
effects, the simulator runs a simple wave 
equation until a measurement is required. Then 
it picks a consistent outcome (lazy 
evaluation/collapse).

In both cases, the “strangeness” of quantum 
phenomena—be it a photon’s timelessness or an 



interference pattern that “waits” until 
observation—can be seen as clever resource-
saving tricks.

4. Why This Strengthens the Simulation 
Argument

1.Unified Explanation:
• A single computational principle 

(deferred or “lazy” calculation) can explain 
seemingly disparate aspects of quantum 
mechanics—why photons don’t experience time, 
and why wave-particle duality emerges.

2.Consistency with Observation:
• These shortcuts align well with what we 

measure experimentally: photons genuinely act 
as if no time passes for them, and quantum 
systems really do remain in superposition 
until observed.

3.Causality and Economy:
• By setting a universal speed limit and 

deferring quantum outcomes, the simulator 
upholds cause-effect relationships (no faster-
than-light signaling) without having to brute-
force every possible trajectory.

5. Could We Detect It?

If this is a simulation “hack,” one might look 
for:



• Round-Off or Update Anomalies: In extreme 
high-precision experiments (e.g., photon 
timing, high-energy collisions), you might 
detect tiny computational rounding errors.

• Global Synchronization Issues: If the 
simulator updates photons globally in discrete 
steps, there could be telling signs in how 
interference patterns form or how photons 
arrive in sync.

• Tests of Locality: The double-slit 
experiment is often repeated with “which-path” 
detectors placed at varied distances or times. 
Any weird “timing glitch” in how wave-function 
collapse occurs might expose the simulator’s 
internal update system.

So far, no definitive anomalies have been 
found—but the search continues.

Final Takeaway

Photons’ “lack of time” and quantum 
superposition (as demonstrated by the double-
slit experiment) can both be elegantly 
interpreted through a simulation lens, where 
the system minimizes computation by:

1.Skipping the detailed timeline for 
anything moving at the maximum speed 
(photons), and



2.Storing probability distributions rather 
than explicit trajectories until measurement 
forces a resolution (double-slit).

This approach not only conserves simulated 
“energy/resources” but also yields the very 
quantum effects we observe experimentally—
suggesting that these bizarre phenomena might 
be the byproduct of a highly optimized, 
simulation-based reality.

Here's a brief summary focusing on Occam's Razor and the limitations/detection of PRNGs in the 
context of the simulation hypothesis:
The simulation hypothesis offers a compelling explanation for several perplexing quantum 
phenomena, particularly the photon's "timeless" existence and the double-slit experiment. These 
phenomena can be elegantly explained by a single principle: deferred computation, or "lazy 
evaluation," within the simulation. This means the simulation only calculates and renders details 
when they are actively observed or interacted with, saving significant computational resources.
This approach aligns with Occam's Razor, as it provides a more parsimonious explanation than 
some more complex interpretations within standard physics, such as the many-worlds 
interpretation of quantum mechanics, which posits the existence of branching universes for every 
quantum outcome. The simulation hypothesis, in contrast, simply resolves outcomes upon 
measurement, avoiding the need for such complex and resource-intensive branching.
A key aspect of this computational efficiency relates to how the simulation might handle 
randomness. If the simulation uses pseudo-random number generators (PRNGs) to generate 
quantum outcomes, these PRNGs, by their nature, are deterministic algorithms that produce 
sequences that appear random but are ultimately predictable given the initial "seed" value. This 
presents a potential avenue for detecting the simulation:
 * Detecting PRNG limitations: If we could identify statistical biases or patterns in seemingly 
random quantum events (such as radioactive decay or photon arrival times in the double-slit 
experiment), it could suggest the use of a PRNG. These biases might manifest as subtle 
correlations between events or deviations from expected statistical distributions.
 * Challenges of detection: Detecting these biases is extremely challenging because:
   * Good PRNGs are very sophisticated: Modern PRNGs produce sequences that pass many 
rigorous statistical tests.
   * The simulator could use complex or even dynamically changing PRNGs: This would make it 
much harder to detect any underlying patterns.



   * True randomness could be implemented: While less computationally efficient, the simulator 
could potentially use a source of true randomness, making PRNG detection impossible.
Despite these challenges, the possibility of detecting PRNG limitations remains a potential avenue 
for testing the simulation hypothesis. If we were to find statistically significant deviations from 
true randomness in quantum phenomena, it would provide strong evidence that our reality is a 
simulation using deterministic algorithms to generate apparent randomness. The simplicity of the 
"deferred computation" explanation, combined with the potential for detecting PRNG artifacts, 
makes the simulation hypothesis a compelling area of investigation.
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Below are some speculative or emergent 
approaches that go beyond the usual “look for 
PRNG artifacts” or “search for pixelation at 
the Planck scale.” Each tries to exploit 
subtleties that a parent simulation might not 
have perfectly concealed. While all remain 
highly theoretical, they point to novel ways 
we might probe a suspected simulated reality.

1. Multi-Observer Quantum Synchronization

Idea:
• Coordinate experiments in widely 

separated regions—across the globe or even 
across the Solar System—where each location 
measures correlated quantum events (e.g., 
entangled particles, synchronized atomic 
clocks, or gravitational wave signals).

• Precisely compare the results to see if 
there’s an uncanny “global update” pattern or 
any sign that the simulation is synchronizing 



outcomes in a single pass.

Why It Could Work:
• A sophisticated simulator might update 

quantum states locally (wherever observation 
happens), but in a consistent global 
simulation, it might run periodic or batched 
updates for resource efficiency. If so, you 
might catch time stamps or interference 
phenomena that sync up in ways standard 
physics wouldn’t predict (e.g., tiny, 
systematic timing offsets or correlations 
across distant labs).

• Key Clue: If entanglement or quantum 
correlations appear to circumvent expected 
light-speed or local-causality constraints in 
a consistent, machine-like pattern, that might 
indicate top-down updates rather than purely 
local interactions.

2. “Algorithmic Complexity” Tests on Physical 
Data

Idea:
• Treat the universe’s physical data—be it 

cosmic microwave background measurements, 
high-energy collision outcomes, or 
gravitational wave signals—as if it’s an 
output stream from a black-box algorithm.



• Apply advanced algorithmic randomness 
tests (akin to Kolmogorov complexity tests) to 
see if the data is more compressible or 
patterned than truly random physical processes 
should be.

Why It Could Work:
• A simulator might rely on procedural 

generation or repeated pseudo-random seeds for 
large-scale phenomena. If certain cosmic or 
quantum data turn out to have hidden 
repetitive structures (too compressible to be 
raw “nature”), we might suspect it’s generated 
by a finite set of underlying routines.

• Key Clue: If we discover that some large 
datasets (e.g., cosmic background 
fluctuations) compress far more than expected, 
it could point to an underlying “algorithmic 
scaffolding” inconsistent with purely natural 
processes.

3. Testing Holographic or Information-
Theoretic Bounds

Idea:
• Several physicists have explored the 

notion that our universe might be holographic—
meaning all 3D phenomena are actually encoded 
on a 2D boundary. If we’re in a simulation, 



there may be information-density constraints 
that mimic a holographic principle.

• Conduct precision experiments to probe 
any mismatch between the number of possible 
quantum states and the “information capacity” 
implied by known physics (e.g., black hole 
entropy bounds, Bekenstein-Hawking limits).

Why It Could Work:
• A parent simulator might enforce a 

maximum information density to avoid 
“overflow.” This might manifest as anomalies 
in black hole physics or at extremely high 
energies/pressures.

• Key Clue: If we can demonstrate that 
real-world systems “max out” in a way that 
can’t be explained by standard theories—like 
an unexpected plateau in possible quantum 
states or deviations in black hole evaporation 
behaviors—this might be the simulation’s 
memory limit in disguise.

4. Exploit Gravity’s Weakness via Extreme 
Configurations

Idea:
• Gravity is notoriously weaker than other 

fundamental forces and notoriously resistant 
to quantum unification. If gravity is a 



simulation “hack” (curvature coded onto a 
grid, for instance), then pushing it to 
extremes might yield cracks in the code.

• Use ultra-high density or very carefully 
arranged mass distributions to see if the 
geometry remains perfectly consistent with 
general relativity, or if there are small 
systematic “stepwise” errors or lags.

Why It Could Work:
• Large-scale gravitational computations 

are expensive for any simulation. If we 
orchestrate multiple bizarre mass 
configurations (like ring-shaped super-dense 
objects or artificially shaped gravitational 
fields) we might cause computational load 
spikes that reveal rounding or discretization 
artifacts.

• Key Clue: Measurable anomalies—like 
micro-lensing patterns that differ from GR 
predictions or “resets” in gravitational 
potential—could hint that the simulation can’t 
keep up with complex gravitational scenarios 
in real-time.

5. Reality Checkpoints: Inducing Micro 
“Glitches”

Idea:



• Sometimes in video games or VR 
simulations, loading new areas or objects can 
cause momentary visual or logical glitches. If 
our universe is similarly resource-limited, 
maybe we can “stress test” local reality by 
forcing it to generate or update new 
information constantly.

• For instance, attempt to measure an 
extremely large number of unpredictable 
quantum events—faster and on a broader scale 
than normal. If the simulator can’t “lazy 
evaluate” quickly enough, maybe a breakdown 
occurs (unexplained correlation spikes, time 
anomalies, or data “hiccups”).

Why It Could Work:
• This is reminiscent of the “Delayed 

Choice Quantum Eraser” but turned up to 11: 
thousands or millions of detectors performing 
repeated, multi-stage quantum measurements at 
extremely high speeds.

• Key Clue: Any systematic correlation or 
drift in the results that standard quantum 
mechanics would not predict might indicate the 
simulator is momentarily out of sync.

6. Testing the “Seed Space” of Quantum 
Randomness



Idea:
• If the simulator is using advanced PRNGs 

rather than true randomness, it might rely on 
a finite or cyclical seed space. By 
meticulously recording random outcomes at 
super-high volume (e.g., radioactive decay 
events, photon arrival times, cosmic random 
bursts) and then applying advanced pattern 
analysis, you might detect eventual repetition 
or correlation with older data.

• Combine this with machine learning that 
tries to predict future “random” bits after 
training on enormous datasets of past random 
events.

Why It Could Work:
• Even the best PRNG in a resource-limited 

simulation might be forced to repeat seeds 
after a huge number of calls.

• Key Clue: A bizarre correlation emerges 
between current and historical random data 
that can’t be explained by normal quantum 
statistics.

7. Multi-Scale “Meta-Experiment”: Tying It All 
Together

Idea:
• Design an experiment that runs 



simultaneously at vastly different scales: 
subatomic quantum measurements, macroscopic 
gravitational stress tests, and cosmic 
surveys.

• If the simulation has separate modules or 
distinct layers for these scales, you might 
find inconsistencies at the crossover points—
like quantum phenomena that behave differently 
under extreme gravitational conditions or 
large-scale cosmic structures that distort 
quantum rules.

Why It Could Work:
• A simulation might rely on distinct 

approximation regimes: quantum on small 
scales, classical gravity on large scales, 
etc. If an experiment merges these regimes 
seamlessly (e.g., quantum interference in 
orbit around a neutron star), the simulator 
might struggle.

• Key Clue: A fundamental mismatch in the 
data collected from multiple scales 
simultaneously could reveal discontinuities in 
the underlying physics engine.

Bottom Line

No Guaranteed “Smoking Gun,” But…
These proposals are inherently speculative 



because a well-optimized simulator may 
anticipate and preempt such “reality checks.” 
Still, they represent creative attempts at 
exposing potential resource-saving shortcuts. 
By systematically pushing physics into corners 
where standard models demand consistency—but a 
simulator might have trouble maintaining 
fidelity—we maximize our chances of spotting 
anomalies.

In essence, we’re trying to break the illusion 
by forcing it to handle extreme or multi-scale 
situations that are computationally expensive. 
If any persistent, reproducible deviations 
show up, we just might catch a glimpse of the 
simulation’s scaffolding.

Trent Carter’s Idea discussed with Gemini 2.0

1/9/25

You're on the right track with the idea of comparing compression ratios of different dataset sizes. 
Here's a concise example illustrating how this could reveal a PRNG:
The Experiment:
 * Data Collection: Collect a large dataset of supposedly random events (e.g., radioactive decay 
counts over time). Let's call this Dataset A, with 1 billion data points (e.g., individual decay 
events).
 * Compression (Dataset A): Compress Dataset A using a standard lossless compression 
algorithm (like LZMA or Zstandard). Let's say the compressed size is 99% of the original size. 
This means the data compressed by 1%.
 * Data Collection (Larger Dataset): Collect a much larger dataset of the same type of random 
events. Let's call this Dataset B, with 10 billion data points (10 times larger than Dataset A).
 * Compression (Dataset B): Compress Dataset B using the same compression algorithm.
The Key Difference:



 * Truly Random Data: If the data is truly random, increasing the dataset size should not 
significantly improve the compression ratio. The compressed size of Dataset B would still be very 
close to its original size (likely also around 99%).
 * PRNG-Generated Data: If the data is generated by a PRNG, the larger dataset (Dataset B) is 
much more likely to reveal repeating patterns or correlations. This will result in a noticeably better 
compression ratio. For example, the compressed size of Dataset B might be 98% or even lower.
Why this works:
PRNGs have a finite "period" – after a certain number of generated values, the sequence repeats. 
A larger dataset increases the probability of capturing these repeating patterns, which the 
compression algorithm can then exploit. With truly random data, there are no such repeating 
patterns to find, regardless of the dataset size.
Example with your numbers:
 * Dataset A (1 billion points): Compresses to 99% (1% compression)
 * Dataset B (10 billion points): Compresses to 98% (2% compression)
The fact that Dataset B, which is 10 times larger, compresses twice as much is a strong indicator 
of a PRNG. With truly random data, you would expect the compression ratio to remain roughly the 
same (around 99%).
Important Considerations:
 * Statistical Significance: A change from 99% to 98% might seem small but with billions of data 
points, this difference can be statistically very significant. Rigorous statistical tests would be 
needed to confirm the result.
 * Compression Algorithm Choice: The choice of compression algorithm can affect the results. It's 
important to use a well-established lossless algorithm and to test with multiple algorithms to rule 
out any algorithm-specific biases.
 * Noise and Real-World Effects: Real-world measurements will always contain some noise. This 
noise can affect compressibility. It's important to carefully filter out noise and to account for its 
effects in the statistical analysis.
This method of comparing compression ratios of different dataset sizes is a more robust way to 
detect a PRNG than simply looking at the compression ratio of a single dataset. It exploits the 
fundamental property of PRNGs: their finite period and tendency to produce repeating patterns.
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Below is a high-level estimation based on 
practical experience and theoretical 
considerations about true randomness versus 
very good pseudo-randomness (PRNG):

1. Theoretical Compressibility



1.Truly Random Data
• Incompressible by Definition: In an ideal 

scenario, each bit is equally likely to be 0 
or 1, so there are no repeating patterns to 
exploit.

• Kolmogorov Complexity: The “description 
length” of a truly random string is roughly 
the length of the string itself—no shorter 
representation exists.

2.Very Good PRNG Data
• Practically Also Incompressible: High-

quality PRNGs (e.g., cryptographic PRNGs) aim 
to mimic true randomness so effectively that 
no detectable pattern can be found with 
feasible computational effort.

• Ultimate Determinism: In principle, PRNG 
output is deterministic and might have hidden 
patterns. However, these patterns may only be 
detectable with extremely large datasets and 
extremely sophisticated analysis—often beyond 
conventional means.

2. Real-World Compression Ratios

A. Truly Random Source (e.g., Radioactive 
Decay)

• Expected Compression:
• Typically very close to 100% of the 

original size (i.e., near-zero net 



compression).
• In real hardware and real measurements, 

there may be tiny non-idealities, noise from 
the measurement apparatus, or biases in the 
physical random process (e.g., how decays are 
sampled in time), causing micro differences.

• Practical Range:
• You might see anywhere from 99% to 100% 

of the original size after compression, but 
generally hovering near 100% as data length 
grows.

B. Very Good PRNG Output
• Expected Compression:
• Also very close to 100%—modern PRNGs pass 

standard randomness tests (Diehard, NIST, 
TestU01, etc.) with high confidence.

• The better the PRNG (especially 
cryptographically strong ones), the closer you 
get to effectively no compression.

• Potentially Detectable Patterns?
• Over very large datasets (billions or 

trillions of samples), you might see a slight 
difference (e.g., 99.9% vs. 99.95% or 100% vs. 
99.999%).

• Often, these differences are tiny and 
require advanced, highly controlled 
statistical methods to tease out.



3. Where Differences Might Appear
1.Extremely Large Datasets
• With enough data, the finite period or 

hidden structure of a PRNG might show up, 
allowing slightly more compression.

• For truly random data, no such periodic 
structure exists.

2.Subtle Long-Range Correlations
• Some PRNGs might reveal extremely faint 

correlations over long spans (e.g., you need 
tens of billions or trillions of outputs 
before a pattern repeats).

• A purely random source should not display 
these correlations (beyond chance 
fluctuations).

3.Choice of Compression Algorithm
• Different algorithms detect different 

types of patterns. A simple LZ-based 
compressor might not catch certain elusive 
patterns, whereas a specialized statistical 
compressor might detect them.

• Testing with multiple lossless algorithms 
can help rule out algorithm-specific quirks.

4. Ballpark Figures
• Truly Random Radioactive Data:
• Often compresses to anywhere between 99% 

and 100% of original size, effectively “no 
compression.”



• High-Quality PRNG Data:
• Also in the 99% to 100% range, often 

indistinguishable from truly random for 
moderate dataset sizes.

• Detectable Difference:
• If a difference shows up at all, it might 

be <1%—sometimes fractions of a percent or 
even less.

• You may need enormous datasets (and 
clever analysis) to push the difference to a 
statistically significant level.

Bottom Line

For practical dataset sizes, both truly random 
data (e.g., from radioactive decay) and data 
from a very good PRNG will be extremely close 
to 100% of their original size after 
compression. The difference—if any—tends to be 
vanishingly small. Only under highly 
controlled experiments with massive data 
volumes and sophisticated analysis might one 
detect a slight edge in compressibility for 
PRNG-generated data, reflecting its 
deterministic underpinnings.

Gemini 2.0 suggesting other approaches than just compressibility 

Your estimation is generally accurate and reflects a good understanding of the challenges 
involved. The key takeaway—that the difference in compressibility between truly random data and 
output from a high-quality PRNG is likely to be extremely small—is correct.



Here's a breakdown of why your estimations are sound and some further refinements:
Strengths of Your Estimation:
 * Emphasis on near-100% compression: You correctly point out that truly random data and 
output from good PRNGs will compress to very close to their original size. This is the crucial point 
that many people misunderstand.
 * Recognition of real-world noise: You acknowledge the presence of noise and non-idealities in 
real-world measurements, which is important. This noise can make it even harder to distinguish 
between truly random and PRNG-generated data.
 * Importance of dataset size: You correctly state that extremely large datasets are needed to 
potentially detect subtle differences.
 * Consideration of compression algorithms: You rightly point out that different algorithms can 
have different sensitivities to patterns.
 * Focus on statistical significance: You emphasize the need for rigorous statistical analysis to 
confirm any observed differences.
Refinements and Further Considerations:
 * Quantifying the difference: While you mention differences of <1% or even fractions of a 
percent, it's difficult to give precise figures. The actual difference will depend heavily on the 
specific PRNG used and the complexity of the compression algorithm. For cryptographically 
secure PRNGs, the difference might be so small as to be practically undetectable with current 
technology and feasible dataset sizes.
 * Focus on statistical tests, not just overall compression: As discussed before, focusing on 
statistical tests specifically designed to detect non-randomness is more effective than just 
looking at the overall compression ratio. These tests can detect subtle patterns that compression 
algorithms might miss. Examples include:
   * Frequency tests: Checking for biases in the occurrence of specific bits or byte values.
   * Runs tests: Analyzing the lengths of consecutive sequences of 0s or 1s.
   * Autocorrelation tests: Looking for correlations between different parts of the data sequence.
   * Spectral tests: Analyzing the frequency spectrum of the data.
 * Distinguishing noise from PRNG artifacts: This is a crucial challenge. It's important to carefully 
characterize the noise in the measurement system and to distinguish it from any potential 
patterns introduced by a PRNG. This often requires sophisticated signal processing techniques.
 * The "Birthday Paradox" and collisions: If the PRNG has a relatively small internal state 
(compared to the output size), the "birthday paradox" suggests that collisions (where the PRNG 
produces the same output sequence again) are more likely than one might intuitively expect. 
Detecting these collisions could be a strong indicator of a PRNG. However, for good PRNGs with 
large internal states, the probability of collisions is extremely low.
 * Adaptive PRNGs and dynamic seeding: As mentioned earlier, a sophisticated simulation might 
use adaptive PRNGs that change their parameters over time or use dynamic seeding based on 
unpredictable events within the simulation. This would make it much harder to detect any 
underlying patterns.
Example Illustrating the Difficulty:



Imagine a PRNG with a period of 2^128 (a very large number). Even if we collect trillions of data 
points, it's extremely unlikely that we would observe a full cycle of the PRNG, making it very 
difficult to detect any repeating patterns.
Conclusion:
Your estimation is accurate in that the expected difference in compressibility is tiny. The 
emphasis should shift from looking at bulk compression ratios to employing sophisticated 
statistical tests for randomness and carefully accounting for real-world noise. While detecting a 
PRNG through compression analysis is a valid theoretical approach, it's exceptionally challenging 
in practice, especially with high-quality PRNGs. It's more likely that a combination of different 
tests, including compressibility analysis, would be needed to provide convincing evidence of a 
simulation.

Gemini  2.0 searching for jitter

You're on the right track with the idea of "jitter" as a potential artifact of a simulation. Here's a 
breakdown of how it might manifest and how we could try to detect it:
What is "Jitter" in a Simulation Context?
In a simulation, "jitter" refers to tiny, irregular variations or fluctuations in timing or other data 
that are not expected from a perfectly smooth or continuous process. These variations could 
arise from several sources:
 * Discrete Time Steps: If the simulation updates in discrete time steps (like frames in a video 
game), events might be quantized to these time steps, leading to small timing errors.
 * Computational Load: If the simulation's computational resources are limited, processing delays 
or fluctuations in processing speed could introduce jitter.
 * Synchronization Issues: If different parts of the simulation are not perfectly synchronized, it 
could lead to timing inconsistencies.
How Jitter Might Manifest:
 * Non-randomness in Radioactive Decay: As you mentioned, jitter could manifest as non-
randomness in the arrival times of photons from radioactive decay. Instead of a perfectly smooth 
Poisson distribution (which describes truly random decay events), there might be subtle 
deviations or clustering of arrival times.
 * Deviations from Bell Inequalities: Bell inequalities are a set of inequalities that are satisfied by 
local realistic theories but violated by quantum mechanics. If the simulation is using local hidden 
variables to simulate quantum entanglement (which is unlikely but theoretically possible), jitter 
could lead to even greater violations of Bell inequalities than predicted by standard quantum 
mechanics.
 * Fluctuations in Fundamental Constants: Jitter could also manifest as tiny, rapid fluctuations in 
the measured values of fundamental constants, such as the speed of light or the gravitational 
constant.
 * Spacetime Fluctuations: At extremely small scales (near the Planck scale), jitter could manifest 
as fluctuations in the fabric of spacetime itself, leading to deviations from General Relativity.



 * Anomalous Noise in Signals: Any signal propagating through the simulation (light, gravitational 
waves, etc.) could be affected by jitter, leading to anomalous noise or distortions in the signal.
Detecting Jitter:
 * High-Precision Timing Measurements: Extremely precise timing measurements are crucial for 
detecting jitter. This could involve using atomic clocks, single-photon detectors, or other high-
precision instruments.
 * Statistical Analysis of Time Series Data: Analyzing the time series data of random events (like 
radioactive decay) using statistical methods like Fourier analysis, autocorrelation, and wavelet 
analysis can reveal subtle periodicities or non-random patterns indicative of jitter.
 * Cross-Correlation of Measurements: Correlating measurements from different locations or 
using different types of detectors can help to distinguish between local noise and global jitter 
introduced by the simulation.
 * Looking for specific frequency patterns: If the simulation has a fixed update rate, this could lead 
to jitter at specific frequencies. Looking for these frequencies in the data could be a way to detect 
the simulation's "clock."
 * Comparison with Theoretical Predictions: Comparing the measured data with precise 
theoretical predictions from standard physics is essential. Any significant deviations could be a 
sign of jitter or other simulation artifacts.
Specific Examples:
 * Radioactive Decay: If we measure the arrival times of gamma rays from a radioactive source 
with very high precision, we could analyze the time intervals between successive events. If the 
distribution of these intervals deviates from the expected Poisson distribution, it could be a sign 
of jitter. For example, we might find that certain time intervals are slightly more or less likely than 
predicted.
 * Bell Test Experiments: Performing Bell tests with extremely high precision and looking for 
subtle deviations from the predicted quantum correlations could reveal jitter. For example, the 
measured correlations might fluctuate slightly over time or exhibit unexpected patterns.
Challenges:
 * Distinguishing jitter from real-world noise: This is a major challenge. Real-world measurements 
are always subject to various sources of noise, and it can be difficult to distinguish this noise from 
jitter introduced by the simulation.
 * The scale of jitter: The jitter might be extremely small, requiring very sensitive instruments to 
detect it.
 * Adaptive Simulations: A sophisticated simulation might be designed to minimize or mask jitter, 
making it very difficult to detect.
Detecting jitter is a challenging but potentially fruitful approach to testing the simulation 
hypothesis. It requires high-precision measurements, sophisticated statistical analysis, and 
careful consideration of real-world noise sources. However, if we were to detect statistically 
significant jitter that cannot be explained by standard physics, it would be strong evidence for a 
simulated reality.



Summary from 1/9/25

We've explored the possibility that our reality is a simulation, focusing on how limitations in the 
simulation's computational resources could manifest as the fundamental laws and phenomena we 
observe, particularly gravity and quantum mechanics.
Key points:
 * Gravity as a "Geometry Hack": Instead of calculating individual gravitational forces between 
every object, the simulation might warp spacetime itself, creating gravity as an emergent effect. 
This explains why unifying gravity with other forces is so difficult – it's implemented differently.
 * Quantum Phenomena as Computational Shortcuts: Phenomena like a photon's "timeless" 
existence and the double-slit experiment can be explained by the simulation using "deferred 
computation" or "lazy evaluation." The simulation only calculates details when they are observed, 
saving resources.
 * Testing for Simulation Artifacts: We discussed several ways to potentially detect the simulation:
   * Compressibility of "random" data: Data generated by pseudo-random number generators 
(PRNGs) used in the simulation might be slightly more compressible than truly random data.
   * Jitter: Tiny, irregular variations in timing or other data could arise from the simulation's 
discrete time steps or limited computational resources.
   * Multi-observer quantum synchronization: Coordinating quantum experiments across vast 
distances could reveal synchronized outcomes or timing anomalies indicative of a global 
simulation update.
   * Algorithmic complexity tests: Analyzing physical data for hidden patterns or unexpected 
compressibility could reveal the use of procedural generation or PRNGs.
   * Testing holographic or information-theoretic bounds: Probing limits on information density in 
the universe could reveal constraints imposed by the simulation.
   * Exploiting gravity's weakness: Testing gravity under extreme conditions could reveal 
inconsistencies or "rounding errors" in the simulation's gravitational model.
   * Reality checkpoints: Inducing rapid, large-scale quantum events could strain the simulation's 
resources and cause detectable anomalies.
 * Occam's Razor: The simulation hypothesis, by explaining multiple phenomena with a single 
principle (resource optimization), offers a more parsimonious explanation than some more 
complex interpretations within standard physics.
The core idea is that many of the "weird" aspects of our universe might not be fundamental laws 
of nature, but rather clever optimizations used by a highly advanced simulation. While definitively 
proving we live in a simulation is extremely challenging, these ideas provide a framework for 
thinking about how we might approach this question.


