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Abstract: This paper outlines how a potential new interpretation of quantum
mechanics—the Many-Interacting-Simulations (MIS) interpretation—may explain why
our world has many of the bizarre quantum features it does. §1 provides an overview of
what has been termed the Peer-to-Peer (P2P) Simulation Hypothesis, showing how it
explains general features of quantum phenomena. §2 then examines dead reckoning, a
framework utilized to ensure ‘believable’ simulated worlds for P2ZP networked games.
§3 details how dead reckoning in P2P games reproduces—and hence, computationally
explains—properties broadly analogous to (§3.1) quantum mechanical standing waves,
(§3.2) Gaussian wave packets, (§3.3) the double-slit experiment, and (§3.4) the
‘Wigner’s friend’ thought experiment. §4 then details how, if this explanation is correct,
then traditional interpretations of quantum mechanics each contain elements of truth.
§5 concludes that quantum phenomena may be the ‘glitches in the Matrix’ that many
have suggested would be evidence that we live in a computer simulation.
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At the basis of the whole modern view of the world lies the illusion that the so-called

laws of nature are the explanations of natural phenomena.

- Ludwig Wittgenstein!

Quantum mechanics is an exquisitely well-verified mathematical theory of microphysics.
There are, in turn, many competing theories of how to interpret its physical significance,
ranging from the Copenhagen Interpretation?, to Bohmian Mechanics3, to the Many Worlds
Interpretation?, and beyond.5> However, there are well-known objections to every leading

interpretation®, and importantly, each interpretation merely purports to explain what
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quantum mechanics is, not why it is.” For example, the Copenhagen interpretation holds,
very roughly, that every particle exists in many different states at once (in a ‘coherent
superposition’), and that measurements cause the superposition to ‘collapse’, such that the
particle will be observed to be in a single state following the probability amplitudes
described by the quantum wave-function.? Yet, even assuming this to be correct, the
Copenhagen Interpretation does not explain why our world is this way—that is, why our
world has particles that exist in superpositions only to collapse to particular eigenstates
when measured. In contrast, the Everett/Many Worlds Interpretation holds that particles
exist in many ‘worlds’ (or parallel quantum universes)?, and that through a process of
quantum decoherence, the surrounding conditions in each universe select which particular
state (or eigenvalue) a particle will have in that universe following the quantum wave-
function.10 Yet, once again, even assuming this to be correct, the Many Worlds
Interpretation does not explain why the world is this way—that is, why our world is part of
a much larger multiverse that constantly decoheres into new divergent universes following
the probabilistic mathematics of the wave-function. Finally, Bohmian Mechanics holds that
there is just one universe (contra the Many-Worlds Interpretation), that particles always
exist in determinate states rather than superpositions (contra the Copenhagen
interpretation), and that particles are in deterministically guided by pilot waves with
‘hidden variables’ that only allow observers to predict particle states probabilistically.11
Yet, as with the other interpretations, Bohmian Mechanics does not explain why our world
is this way—that is, why our world (supposedly) has pilot waves with ‘hidden variables’

that govern particle behavior.



This paper argues that a potential new interpretation of quantum mechanics—
based on state-of-the art approaches to programming ‘believable’ environments in certain
types of online videogames—may explain why our world has many of the bizarre quantum
mechanical features it does. Section 1 briefly summarizes what has been termed the Peer-
to-Peer (P2P) Simulation Hypothesis2, showing how this hypothesis has been argued to
provide a unified conceptual explanation of a variety of quantum phenomena—ranging
from quantum superposition to wave-particle duality, to wave-function collapse—but also
how it has until now lacked a clear mechanism for explaining other details of quantum
mechanics. Section 2 then introduces dead reckoning, a mathematical framework
commonly used in real-world navigation to calculate the current and likely future
position(s) of an object using its previously determined position, velocity, and direction?3,
and which is also used in computer networking for online games that utilize P2P
architecture.1# Section 3 then outlines how state-of-the-art approaches to dead reckoning
in P2P games to ensure a ‘believable’ gaming environment—approaches utilizing velocity
and path-blending, as well as cubic Bézier splines, centripetal Catmull-Rom splines,
and Hermite curves!>—reproduce and hence explain in computational terms properties
broadly analogous to our world’s quantum wave-function (§3.1), the super- and sub-
structures of Gaussian wave packets (§3.2), the double-slit experiment (§3.3), and (§3.4)
why consciousness appears to play a privileged and paradoxical role in measuring
quantum states (qua ‘Wigner’s friend’ thought experiment1¢). Section 4 then briefly details
how, if this explanation of quantum phenomena is correct, then different traditional
interpretations of quantum mechanics each contain elements of truth. Section 5 concludes

that dead reckoning in P2P gaming may explain why our Universe is quantum-mechanical,



something that no other interpretation of quantum mechanics even purports to achieve—
and hence, that quantum phenomena may be the very kind of ‘glitches in the Matrix’ that
many have suggested would be concrete evidence that we live in a computer simulation.1?
Before proceeding, several important caveats are necessary. First and foremost, this
paper is merely intended to be a high-level conceptual exploration of how the functional
properties of certain types of computer simulations reproduce—and thus may provide a
kind of unified computational explanation of—certain quantum features of our world that
are currently taken to be fundamental in science. As a high-level conceptual exploration,
this paper does not aim to capture or explain quantum mechanics in total, or even a high
fraction of quantum mechanics’ rich phenomenology, qua mathematical agreement with
the actual kinematics of quantum mechanics. Obviously, any adequate explanatory theory
of quantum phenomena must ultimately achieve this. The devil, as they say, is in the
details—and any adequate theory of the quantum world must be in calculative agreement
with physical equations. Why, if this paper does not even purport to achieve this kind of
agreement, is this paper worth introducing into philosophical and scientific discussion?18
The answer is that conceptual explorations of new ways to explain phenomena can be
necessary and legitimate precursors to more detailed, empirically adequate theoretical
development—serving, indeed, to warrant such development. For example, when
proposing evolution by natural selection as a unified explanation of the origin and
development of species, Charles Darwin lacked anything remotely close to an empirically
adequate theory of genetics (or indeed, epigenetics). An empirically adequate
understanding of genetic variation, heritability, and forces of natural selection has taken

centuries—and indeed, is still very much in progress. But this is precisely what Darwin'’s



conceptual exploration of evolution by natural selection—and his broad-brush
demonstration of how the theory plausibly explained observed changes in animal species
in various field-work—was good for. Darwin demonstrated, at a broad conceptual level,
that evolution by natural selection was a promising enough potential explanation of the
origin and development of species to justify further, more detailed examination by other
scientists. While this paper is of course nothing on the order of On the Origin of Species—a
vast work of nearly unparalleled depth and breadth in the history of human inquiry—its
basic aim is similar: to sketch how a new kind of explanation (in this case, a computational
explanation of physics utilizing computer networking) is at least promising enough at a
conceptual level to warrant further investigation by mathematicians, physicists, and
computer scientists. Finally, although this paper does not demonstrate detailed calculative
agreement between its model and physical equations, it is worth bearing in mind that some
fundamental components of the model—its understanding of quantum phenomena in
terms of many-interacting simulations—can be related to a preexisting interpretation of
quantum mechanics that has been developed at a more detailed level: the many-interacting
worlds interpretation.1? If this paper is broadly successful in its aims, it may provide a
deeper account of how to best understand what the “many-interacting worlds” in this
interpretation are (namely, simulated worlds), and how computer networking may provide
a deeper explanation of how any why these “multiple worlds” interact as they do.

1. The P2P Simulation Hypothesis: A Brief Overview

The idea that we live in a simulation is highly speculative. However, it appears to be taken
seriously by an increasing number of philosophers?29, physicists2!, computer scientists??,

and programmers.23 Further, several theorists have argued that the hypothesis better



explains quantum phenomena than standard interpretations using ordinary physical
theories. For example, Emery contends that the ‘brain-in-a-vat hypothesis’ provides an
elegant explanation of the quantum EPRB correlation—the experimental finding that two
particles separated by a distance are always correlated despite proofs that there can be no
causal signal or common physical cause for the correlations.2* More ambitiously, Arvan
contends that a novel version of the simulation hypothesis—the Peer-to-Peer (P2P)
Simulation Hypothesis—explains a variety of quantum phenomena, ranging from quantum
superposition to wave-particle duality and quantum entanglement.2> As this hypothesis
will be central to our investigation, let us briefly summarize its main components.

Computer networking comes in two main forms. First, there are centralized
networks (Figure 1), where there is a single computer or ‘dedicated server’ that other
computers on the network access to retrieve information.

Figure 1.

Centralized ‘Dedicated Server’ Computer Network

Computer A Computer B Computer C

_ o DEDICATED SERVER
ComputerD [« > <+—» Computer E
(Computer 2)
Computer F Computer G Computer H

Second, there are distributed networks, otherwise known as peer-to-peer P2P client

networks (Figure 2). In P2P networks, there is no dedicated server. Instead, each computer



on the network serves as its own ‘node’, which other computers on the network

communicate with directly to exchange information.

Figure 2.

Distributed ‘Peer-to-Peer’ (P2P) Computer Network

| —

4

Computer A

I

ComputerD [«

4

Computer B

v

Computer C

I

|

ComputerF | | ComputerG <

Computer E

|

Next, let us compare the functional properties of both types of networking as they apply to
simulated realities. Many online videogames—ranging from Minecraft to Ragnarok—utilize

dedicated servers.2¢ The main advantages of dedicated servers are that the ‘host’ server

Computer H

‘transmits data to all the players and keeps the game in sync.”?” This means that,

The host handles:

o Every player’s location in the game.

e The activity of all the players.

e Player interactions.

e Each character’s loadout.

e Whatdirection all players are facing.

e The physics happening around each player.

e Score and rules.28



In other words, in a dedicated server game, every player and object in the simulated world
has a single determinate location and other determinate ‘physical properties’ (such as
direction of movement, velocity, acceleration, etc.). The main downsides of dedicated
servers in gaming are that, “The host machine requires more memory, bandwidth, and
processing power the more players log in and play the game’, and that, ‘If the host player
has a weak computer or a bad internet connection, the game will suffer from lag, bugs, and
crashes.”2? In other words, it is extremely difficult, the more players there are, for dedicated
servers to achieve a seamless and stable gaming experience without noticeable glitches—
such as players ‘lagging’ (or appearing to shift positions randomly in the game)—and an
increasingly high probability of the simulation crashing.

P2P games resolve these problems by taking an altogether different approach.
Instead of having a ‘host’ computer that records where all objects and players ‘objectively’
are in the game, P2P simulations are comprised by each computer on the network running
their own game simulation—or a small part of it30—in parallel with all other computers on
the network. Because P2P networks distribute computing to every computer on the
network, they are especially suitable for massive multiplayer games with large numbers of
players that would overwhelm a single dedicated server: a P2P system ‘dynamically scales
with the number of online players’ and ‘is more flexible and has a lower deployment cost
than centralized games servers.’31 Importantly, although individual computers on a P2P
network can crash, causing the player whose computer crashes to ‘die’, such node failures
in P2P networks are independent, their general frequency is low, and messages can be
routed to nearby nodes that are numerically closest to the crashed node.32 This makes P2P

networked games extremely stable, such that ‘even when half of the nodes fail



simultaneously’, it is still ‘reasonable to assume that messages eventually reach the correct
node’, preserving the game experience for all players whose individual computers are still
running.33 While P2P games have downsides—ranging from difficulties in creating P2P
architectures with good performance to security issues3*—the relevant point is that, if we
do live in a computer simulation, a P2P network would be strongly favored over a
dedicated server. If, for example, we assume that all 8+ billion human beings on Earth
today are ‘players’, a P2P simulation with 8+ billion nodes would be far more stable than a
dedicated server. And, of course, there may be far more ‘players’ than this, if there are for
example alien species on other planets, or if nonhuman animals are ‘players’ as well.

In contrast to dedicated server games, where the ‘host’ computer again serves as a
definitive, ‘objective’ record of every object and player’s location and behavior, P2P games
have no such definitive record. Instead, each computer on the network has its own unique
representation of where objects and players are in the game are located and how they are
behaving. Further, because ‘All information that is sent between players may be subject to
network latency and packet loss’, and because ‘it is prohibitively expensive to send
information at the same rate that the game updates’, individual computers on the network
must ‘extrapolate from periodic updates’, giving rise to errors (or different object locations
and other properties—such as direction, velocity, etc.—on different computers).3>

These errors become more pronounced when things move in the game at high
speeds.3¢ If, for example, we imagine a moving player shooting a projectile in a P2P game,
different computers on the network will—due to latency, lag, or packet loss—represent
that player and projectile in somewhat different locations, moving in subtly different

directions, at subtly different speeds (Figure 3). That is, different computers will record



objects as being in different eigenstates, ‘a state of a quantized dynamic system ... in which

one of the variables defining the state ... has a determinate fixed value.’3”

Figure 3.
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It is important to note that in a well-programmed P2P simulation, the kinds of
divergences in object placement across nodes illustrated above will normally be too small
for players to notice at a ‘macroscopic’ level in the game. Provided a P2P simulation is
suitably programmed to ensure a ‘believable’ reality for all players—an issue that we will
turn to later—the way that different nodes in a network represent an object in slightly
different positions will be miniscule, so as be unnoticeable to players. This is critical, as we
will see, because it is how quantum mechanics works in our world. For now, let us now
ask—not from the perspective of any single node, but from the perspective of the P2P
simulation as a whole, that is, summing across all of the nodes above—where ‘the player’
and ‘the projectile’ are located. What we find is that both are located in many different
places at once (Figure 4).

Figure 4.
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In other words, the player and projectile will both exist in superpositions across the
network—in different places with different properties on different computers (i.e. slightly
different velocities, directions, etc.). At some nodes (Computers A, G, & H), the projectile is
represented as moving parallel to the ground/x-axis, and located at (x=8, y=5). However, at
other nodes (Computers B & D), the projectile is instead represented as being slightly
above this location, at (x=8, y=5.5). Further, at one of these nodes (Computers B), this is
because the player is represented as firing the projectile from a slightly higher elevation,
whereas at the other node (Computers D) the player is represented as firing the projectile
at a higher angle relative to the ground/x-axis. So, from the standpoint of the P2P
simulation as a whole, neither the projectile nor the player ever exists in a single
determinate state (viz. location, movement, etc.). Yet, the projectile and player have
determinate properties at every individual node. That is, objects are never represented as
being at multiple places on any computer, but summing across nodes, they are always in

multiple, superimposed states ‘at once.’

These facts can be understood as constituting an evolving probability distribution.
We can see how by focusing on the distribution across nodes of where the player and
projectile are each located in Figure 5. Notice, first, that the projectile is represented as
being at (x=8, y=5) on three separate nodes (Computers A, G, & H). On all three nodes, the
player is also represented as being in roughly the same location in the game, their head
being located just below and to the left of (x=2, y=6). In contrast, there is only one node
(Computer F) where the projectile is represented as being at (x=8.5, y=5), two nodes
(Computers B and D) where the projectile is represented as located at (x=8, y=5.5), etc. (
Figure 5).

12



Figure 5.

Distribution of Projectile and Player Location in a P2P Game at ¢
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The point then is this. Every individual computer in a P2P game will represent any object—
such as a projectile—as being located at a particular point in the game, like a point-particle.
Yet, when we sum across nodes, that object will have an amplitude corresponding to how
many computers on the network represent it being at that position. So, at time ¢, we may
say that location (8, 5) has an amplitude of 3, where by this we simply mean that just prior
to t, a given player in the game would have a higher probability of measuring the projectile
as being at that location than they would at (8, 5.5), which in turn—insofar as its amplitude
is 2—a player would have a higher probability of measuring the projectile to be at than at

(8.5, 4.5). We can then plot this probability histogram (Figure 6).

Figure 6.
Probability Distribution of Projectile Location in P2P Simulation at ¢
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Notice, next, that this probability function will change over time as the projectile moves and
the different nodes in a P2P simulation communicate with each other to update where they
represent the projectile as being. So, for example, although three computers represent the
projectile as being at location (8,5) at time ¢, at the very next instant only one computer
may represent the projectile at that location—thus constituting, from the standpoint of the
sum of all nodes, a smaller probability of a player finding the projectile there. This temporal
dynamics in a P2P simulation can be shown to have wave-like features as follows. Just as in
many parts of nature—ranging from the weight and height of different human beings to
snowflake sizes, lifetimes of lightbulbs, weights of loaves of bread, and milk production of
cows*%—the measured location of objects by different nodes in a P2P network will, all
things being equal, fall approximate normal distribution, or ‘bell curve’ (Figure 7).

Figure 7.
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This is because measurement errors are known to have distributions that are nearly
normal.*2 However, P2P networking involves three different sources of measurement
errors: (i) latency (the time it takes for information to travel between nodes), (ii) lag (or
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temporal delays in different computers on a network receiving updates due to network
congestion), and (iii) packet loss (i.e., lost packets of data not reaching their destination),
measurement errors across P2P nodes constantly occur in P2P networks and should
functionally approximate a normal distribution.*? Lag, in particular, is an emergent feature
of a P2P network as a whole, as lag can increase or decrease depending on the amount of
informational traffic in different parts of the network. As such, moving objects in P2P
networks (such as a projectile) should—from the standpoint of the network as a whole—
constitute propagating waves that approximate normal distributions of fluctuating sizes
(Figure 8).

Figure 8.
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As such, although at each instant of time every individual computer on the network will
represent the projectile as a ‘particle’ (with a determinate location), from the standpoint of
the network as a whole the projectile’s position will approximate the superstructure of a
moving Gaussian wave packet, which is how quantum information such as electromagnetic
waves propagate in our world.*> For a moving Gaussian wave packet approximates a

fluctuating bell curve constituted by a particle’s likely location by the quantum wave
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lw?

function (Figure 9)—which as we have seen is precisely how we can understand the

informational dynamics of a P2P simulation with different sources of measurement error

(we turn to substructures of Gaussian waves shortly).

Figure 9.
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Notice, next, that although we have been discussing these matters in two dimensions,

online videogames today standardly represent objects three spatial dimensions, in which

case the wave-like features of objects in P2P simulations will be three-dimensional (Figure

10) while moving through a fourth temporal dimension (e.g., time) in the simulation.

Figure 10.

3D P2P Simulation Dynamics * Moving Gaussian Waves in 3 Dimensions*?

17



There are, however, features of quantum mechanics that this account does not yet have a
clear mechanism to explain. First, Gaussian wave packets have a superstructure (or
‘envelope’) constituted by smaller microstructures (Figure 11).

Figure 11.
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Second, we need to explain how the microstructure of quantum wave packets are

comprised by oscillations involving both real and imaginary numbers, where the latter

(imaginary numbers) involve rotations of quantum waves across spacetime (Figure 12).
Figure 12.

Gaussian Waves w/Imaginary Numbers = Rotating Quantum Wave Packets*?
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Third, we need to explain how, as in quantum mechanics, the Gaussian-wave features of
P2P simulations can generate constructive and destructive wave interference>? (Figure 13).
Figure 13.
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Fourth, we need to explain why there are multiple solutions to the Schrédinger
equation resulting in different types of standing and propagating waves (Figure 14).
Figure 14.
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We will return to these matters momentarily in section 3. The relevant points for now are
these: P2P networked games naturally generate quantum-like phenomena. All objects in a
P2P game are (i) in a constant superposition of different states across nodes (or computers)
on the network, (ii) have features of particles at particular nodes, (iii) features of waves as
representations change dynamically across nodes due to errors, (iv) corresponding to a
probabilistic distribution of where any given computer on the network is ‘likely’ to measure
the object to be. Notice, further, that P2P games explain why, although objects are in fact
superimposed in different locations across nodes, individual users (i.e., game players)
never observe that superposition: the superposition is not represented in the simulated
environment that their computer is presenting to them as an observer. Instead, the
superposition only exists summing across nodes, which no user experiences in the game.

2. Dead Reckoning and P2P Videogame ‘Physics Engines’: A Brief Introduction
Because P2P game simulations are constituted by many different computers networked
together, with each computer rendering a simulated environment for its user in parallel to
other computers on the network while communicating in real time with other players’
computers, programmers must resolve obvious coordination difficulties. If, for example, I
shoot a projectile at your character in a P2ZP game, my computer must send that
information (that I have taken a shot in a particular direction, with a particular velocity, at
a particular time) to every other computer so that the other players experience the gunshot
and subsequent path of the projectile on their end. Yet, this information transfer is
constantly reciprocal. If I shoot my gun at your player, who you are moving in some
direction to try to avoid getting shot, then your computer must send that information to my

computer and others on the network as well. Critically, this reciprocal communication
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between nodes in a P2P network takes time. Many online videogames run at 60Hz (or 60
frames of gameplay per second), some run significantly faster (120 FPS)>3, and different
computers on the network need to ensure that different players experience approximately
the same environment at approximately the same time while sending information packets
to each other at a period of under 100ms.>* For example, if would be disastrous from a
gameplay standpoint if one player on a P2P network experienced themselves ‘shooting
another player’ but the other player (and other players on the network) represented their
player as avoiding the shot. ‘Believable’ P2P games need to ensure that all players observe
approximately the same things in the simulated environment at approximately the same
time, and in ways that involve well-ordered causal sequences across users (rather than
contradictory sequences for different players).

This is not easy to do, however. First, programmers must address latency, or the
speed at which different computers on the network communicate with each other—and it
is impractical for computers to send updates to all other computers at the rate that most
games run (60Hz). This means that information transfer in a P2P network is always
‘behind’ what any given player experiences on their device. Second, in addition to latency,
computer networks routinely suffer from lag, or delays in information reaching their
destination, which can result from degradation in internet service provider (ISP) quality,
internet connection speed, and geographic distance from other players.55 Third, computer
networking routinely involves packet loss, or information never getting to its destination
(i.e., to other nodes), which can occur due to network congestion, software bugs, etc.>6

To address these issues and ensure a ‘believable’ environment for all players in real

time, P2P games standardly utilize a programming solution adapted from real-world
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navigation known as dead reckoning (or deduced reckoning).57 In brief, dead reckoning

involves predicting where an object is likely to be given its last known location, speed, and

direction. So, for example, if we want to know at 9:00am where an airplane is likely to be at

some points in the future (e.g., 9:30 and 10:30am), dead reckoning involves deducing this

from the object’s known speed and direction at 9:00am using linear physics (Figure 15).
Figure 15.
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P2P games do something similar for objects moving in complex directions. Every computer

on a P2P network predicts where objects and other players in their environment are likely
to be based on periodic updates from other computers on the network (Figure 16).
Figure 16.
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As we see here, accurately predicting an object’s future location using linear physics is
difficult to do. First, in the real world—that is, for moving objects such as airplanes or
cruise ships—there is the problem of drift. An airplane, for example, is likely to drift in
predictable ways away from a linear path toward a future destination for many reasons,
ranging from the effects of wind (such as side drafts) to pilot inputs. Consequently, to
ensure that an object (such as an airplane) gets to its intended destination, accurate dead
reckoning involves correcting for drift. This is normally done through triangulation,
estimating the likely angle of deviation away from the object’s current path, and then
inputting corrections (viz. pilot or autopilot inputs) to compensate, drawing the object back
toward the intended destination (Figure 17).

Figure 17.

Dead Reckoning Course Correction to Correct for Drift Off Course5?
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Second, moving objects not only drift laterally in space (due to sidewinds); they can also drift
from their expected location in space along a time axis. For example, by speeding up and
slowing down due to headwinds, tailwinds, changes in engine thrust, etc., a plane may end
up where it was later expected to be, but 10 minutes behind schedule. Third, wind currents
and the like are constantly changing, so to ensure that a plane stays on course, triangulated
corrections (for side drift, etc.) must be repeated continuously as conditions change. Proper
triangulation to correct for drift, then, requires ongoing, updated measurements of an
aircraft’s real position, velocity, etc., in relation to the desired destination—which is how
aircraft autopilot programs that correct for drift work.®? Finally, of course, objects in the real
world—as well as most online videogame engines—exist not in two spatial dimensions (as
in the above examples) but rather three. Thus, in game engines, for example, a player model
using dead reckoning is more complicated still (Figure 18).
Figure 18.

Dead Reckoning Player Model for a 3D Game Environmenté1

Because P2P videogames typically involve environments with three spatial dimensions and

a fourth temporal dimension, and similar forms of drift occur due to measurement errors
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caused by lag, latency, and packet loss, programmers utilize a variety of more complex
approaches to dead reckoning to achieve ‘believable’ results.

3. From Dead Reckoning for Believable P2P Games to a Many-Interacting-Simulations
Explanation of Quantum Mechanics?

We have already seen how P2P networked simulations reproduce (and hence, plausibly
explain) some general features of quantum mechanics—specifically, how (i) all objects in a
P2P network exist in a superposition of many different states across the network as a whole,
(ii) how every individual computer on the network constantly ‘collapses’ this superposition
at every instant by presenting its user with the object in a determinate state, thus
representing a single object simultaneously as (iii) a ‘particle’ (on every individual
computer) but also (iv) as a wave (when summing across the representations of each
computer on the network as a whole, such that (v) this ‘wave-function’ is in essence a
probability distribution of where any given user is likely to measure the object to be. These
are all fundamental features of quantum mechanics in our world, which suggests that P2P
networking may underlie our world’s physics, explaining why our world has these features.
What we have not done is demonstrate more precisely that P2P networking reproduces
anything like our world’s actual quantum wave-function, the substructure of Gaussian wave-
packets in our world, the famously bizarre findings of the double-slit experiment, and so on.
We will now see that particular approaches to dead reckoning in P2P gaming generate
properties broadly analogous to a quantum wave-function (§3.1), the specific kind of
quantization of information displayed in Gaussian wave packets (§3.2), why particles exhibit
wave-interference with themselves as observed in the double-slit experiment (§3.3), why

observing individual particles in the double-slit experiment destroys wave-interference
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(§3.4), and finally (§3.5) why ‘consciousness’ appears to play a privileged role in quantum
mechanics (qua ‘Wigner’s friend’ thought experiment).
3.1. From Spline-Based Interpolation to a Wave Function
Notice, to begin with, that whereas moving airliners or ships in an ocean tend to drift in
particular directions (e.g., downwind), in a P2P simulation the kind of drift we would expect
an object to deviate from errors resulting from lag, latency, or loss of informational packets
should again be broadly random, falling along a normal bell curve (though again, rates of lag
can change non-randomly). As such, setting changes in lag aside, dead reckoning corrections
in P2P gaming for an object or projectile ‘moving in a straight line’ should involve the
projectile deviating from a center of tendency across nodes (as a result of measurement
errors between nodes), and each individual node attempting to correct for the deviations
from the central tendency that it receives in updates on where ‘the object’ is from other
computers. We can represent this process broadly as depicted in Figure 19.

Figure 19.

Alternating Dead Reckoning Corrections to Compensate for Random Drift in 2D62
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Notice, first, that every node on the network will be executing a similar process, adjusting
its own plotting of the object’s location given the updates it receives from other nodes.
Then notice, second, although these are triangular dead reckoning corrections, this
sequence has features that are clearly analogous to those of a wave. To keep an object
‘moving in a straight line’ given updates of drift in two dimensions, one needs to assume,
first, that the object will deviate vertically from the center line with a greater distance from
the origin across time (viz. from point A to point B) as measurement errors increase across
nodes, and then correct for that expected deviation by reducing the object’s distance a
compensatory amount (viz. the correction from B to the desired position at C), such that
each node aims to compensate and reduce measurement errors. These deviations up and
down from the center line are akin to amplitude changes across time, such that the changes
over a given distance approximate a wavelength (Figure 20).

Figure 20.

Dead Reckoning Corrections for Random Drift of Moving Object ~ Propagating Wave?®3
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Now, of course, this analogy as described so far is only very rough, as triangulated
trajectories are jagged, involving straight lines, whereas waves involve smooth curves. If
P2P games used classical dead reckoning by triangulation, players would experience other

players and objects in a P2P game moving in a jagged or ‘choppy’ manner. This would be

27



extremely jarring to players, resulting in a game environment that is nothing like the
smooth behavior of objects in space and time that we ordinarily observe in our world.
What programmers of P2P games aim for is to achieve this kind of smoothness of motion
despite measurement errors/drift caused by lag, latency, and packet loss (Figure 21).

Figure 21.

Desirable ‘Smooth’ Movement in P2P Gamesé4

To achieve such ‘believable’ smooth object paths despite measurement errors, P2P
videogame engines utilize several novel programming strategies. First, dead reckoning
corrections may use smooth curves of various types, including cubic Bézier splines,
centripetal Catmull-Rom splines, and Hermite curves®> (Figure 22).

Figure 22.

Curves Used in Dead Reckoning P2P Game Engines for Smooth Error Correction%®
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Second, game engineers also use projective linear-velocity and path blending, which are
programming strategies where a given computer on the network extrapolates where an
object is likely to be by blending the different velocities and paths for the object received in
previous updates from other computers.6” We will return to projective velocity and path-
blending latter later. For now, notice that if we apply the Centripetal Catmull-Rom spline

method to dead reckoning in place of triangulation, we get actual wavelengths (Figure 23).

Figure 23.

Centripetal Catmull-Rom Spline-Based Dead ™eckoning Interpolation

Further, there is an ‘optimum cubic a-Catmull-Rom spline interpolation function’ in two
dimensions, which expresses the function by which ‘the smoothest cubic a-Catmull-Rom
spline curves can be obtained.’®8 This optimal curve (Figure 24) is, as such, ones that P2P
programmers would thus utilize to ensure the smoothest movement possible for users in the

presence of measurement errors across nodes.
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Figure 24.

Optimum cubic a-Catmull-Rom spline interpolation function®®
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Notice, next, that there is an obvious sense in which the implementation of this

interpolation function should generate wave-like features in momentum space, as in

quantum mechanical waves in our universe (Figure 25).

Figure 25.

Quantum Waves70
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Although this is, to be sure, an extremely coarse-grained point of “pattern matching”, the
conceptual point is nevertheless apt: computationally speaking, using an optimum

interpolation function for spline-based dead-reckoning in a P2P gaming environment will
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produce observations of something like quantum waves—particularly when applied four-
dimensionally (Figure 26 depicts a classical electromagnetic wave, but the point extends to
quantum waves like those depicted in Figure 25).

Figure 26.

Electromagnetic Wave in Four Dimensions71
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Further, when a wavelength undulates in four dimensions—vertically across a y-axis and
horizontally across an z-axis over time (x-axis)—the result is rotations in space-time, which
are described by imaginary numbers (Figure 27).

Figure 27.

Rotations of Wave Function in Four Dimensions
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While this is not, to be clear, a “derivation of our world’s quantum wave function”, it does

demonstrate a conceptual level that something like our world’s quantum wave-function
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should emerge naturally from the computational structure of a P2P simulation involving
the above strategies for rendering a ‘believable’ environment by dead reckoning.
3.2. From Spline-Based Interpolation to Gaussian Wave Packets
The next thing to note is that all information in computer networks is sent between
computers in small, distinct packets?2, much like energy in our world is always emitted in
distinct packets known as quanta.’3 To begin with a simple example, Internet Control
Message Protocol (ICMP) packets are error-reporting strings of data that network devices
(such as routers) send to computers on a network to generate error messages.

Notice, next, that ICMP packets have both a superstructure and substructure. On the
one hand, the entire packet is a distinct body of code (33 bits). Yet, the packet itself has a
substructure: header information, a ‘pointer’ identifying the error, ‘supplementary
information’, and so on. The kind of information that P2P videogames send each other is far
more complex, but the principle is the same. Networked computers function by sending
bursts of self-contained data packets to other computers on the networks—yet, every data
packet contains various substructures (such as one substructure indicating where a
projectile is, another substructure indicating its velocity, etc.). Consequently, due to lag,
latency, and packet loss, these superstructures and substructures should both generate
wave-like dynamics approximating normal distributions. That is, summing across P2P
nodes, there should be normal variance (viz., a bell curve) for each microstructure encoded
in a data packet (e.g., projectile-location, velocity, etc.), but also for the entire
macrostructure (e.g., the entire ‘data envelope’)—just as we see in Gaussian wave packets

in our world.
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3.3. From Velocity and Path Blending to the Double-Slit Experiment

Of the many strange features of quantum mechanics that have been experimentally

established, the findings of the double-slit experiment’# are perhaps the most bizarre. In

this experiment, particles of light are passed through two slits in a barrier one at a time. If

light simply consisted of particles, we would expect to observe the pattern in Figure 28.
Figure 28.

Expected Behavior of Particles Passing Through Two Slits7>

® 0. %%, °,L lee%S0020
.:0'00.'- 060%%e%
..:0000
®
° ° O
particles

screen with optical
two slits screen

optical screen
front view)

However, when light is passed through two slits, wave inference is observed instead
(Figure 29).

Figure 29.

Wave Interference Patterns in the Double-Slit Experiment7¢
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Importantly, this occurs regardless of whether one fires just one particle through the slits
at given time or many particles all at once. It is almost as though the particle splits in two,
travels through both slits, the particles interfere with each other, and then rejoin before
hitting the wall. Further, this behavior—single’ objects appearing to somehow interfere
with themselves qua wave—has been found for photons, electrons, atoms, and molecules.””

If this were not strange enough, when a detector is set up to measure which slit the
particle moves through, the wave-inference pattern immediately disappears, the particle is
always seen as moving through only one slit, and the pattern on the wall behind the slits
reverts to how particles behave when shot through a single slit. Finally, if the detector is
turned off again, the wave-interference immediately reemerges. All of this suggests that
photons and other objects in our world exist as waves spread out across space and time
(and across multiple slits) when they are not being directly detected, but as particles the
moment they are measured. Although Einstein (a critic of quantum mechanics) once
scoffed about these implications, ‘Do you really think the moon isn't there if you aren't
looking at it?’78, quantum mechanics really does appear to establish that everything
somehow exists in a wavelike state until they are measured, at which point they ‘collapse’
to determinate states (in this case, passing through one slit or the other, but not both).

Can the double-slit experiment be explained by dead reckoning approaches to
‘believable’ P2P game engines? Indeed, it may. First, consider how game engineers program
games to only render observed content as a means of minimizing computational complexity:

Itis ... now well understood, in the domain of game development, that low
computational complexity requires rendering/displaying content only when

observed by a player. Recent games, such as No-Man's Sky and Boundless, have shown
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that vast open universes (potentially including over 18 quintillion planets with their

own sets of flora and fauna ... ) are made feasable [sic] by creating content, only at

the moment the corresponding information becomes available for observation by a

player, through randomized generation techniques (such as procedural generation).”®
In other words, rather than constantly rendering exactly where all 18 quintillion planets in
a game environment are, games only render objects for a user, giving them a determinate
location and state on a given computer when observed by that player (Figure 30).

Figure 30.

Game Only Rendering Observed Content in Player’s Point-of-View (POV)80

Rendered Environment

Player’s Point-of-View
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Second, the same computational issues arise with respect to the representation of
macro- and micro- states of a game environment. For example, suppose that to make a
‘believable’ world, game developers wanted to ensure that every macro-object in the
game—such as projectiles, persons, and planets—are composed in a well-organized
manner by smaller elements, call them ‘particles.” In much the same way that it is
computationally intractable for a game engine to constantly represent every detail of 18
quadrillion planets, so too is it intractable for a game engine to constantly represent every
detail of the 7 octillion atoms or so in a single human body®!, let alone the 3.28 x 1080
particles in the observable Universe.82 The obvious way to handle this problem in game
engineering is to ‘to render reality only at the moment the corresponding information
becomes available for observation by a conscious observer (a player)’, such that the,
‘resolution/granularity of the rendering would be adjusted to the level of perception of the
observer.’83 In other words, the only feasible way for a game engine (including P2P
networked game engines) to represent microparticles in a game environment is not to
render them until directly observed.

The next question is how a P2P game engineer could make such an environment
broadly ‘believable’ at a macro-level and micro-level, given the manner in which different
computers on a P2P network do not “agree” with each other on precisely where (A) macro-
objects (such a projectile) are located at any given instant or (B) where the micro-objects
that constitute those macro-objects (such as particles) will be when they are actually
rendered. Notice that a big part of the programming challenge here is to relate the macro-
and micro-parts of the game world in a consistent way. If, for example, a player used a

simulated microscope to ‘zoom in’ on a projectile to ‘look at its constitutive particles’, their
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game will at that instant begin to render those particles as being at determinate places
‘inside; the projectile. However, as we saw earlier, different computers on a P2P network
will represent the macro-object (the projectile itself) as being in slightly different places
(with slightly different velocities, etc.) than other computers. Consequently, when a
different player ‘zooms in’ to view the constitutive particles of one and the same projectile,
their computer will then render those microparticles in determinate places from their
point of view—Dbut again, not the same states as other players.

Our next point is critical: differences in the observed location of a macro-object
(such as a projectile) that are ‘miniscule’ from a macro-perspective (such as a 1-millimeter
divergence) imply massive divergences for micro-objects, such as the locations of those
macro-objects’ constitutive particles. To see how, suppose that my computer on a P2P
network represents a projectile in one location, and your computer represents it 1-
millimeter away, in a slightly different location. From a macro-perspective, this difference
will be barely noticeable to either of us. Now consider, however, what our respective
computers must represent a single particle in the projectile if observed/rendered. An
electron has a diameter of somewhere around 0.000000000001mm.8* Suppose next that
engineers program projectiles to be partially constituted by ‘electrons’ with this size, such
that when a player zooms’ with a simulated microscope, their computer will render the
‘electron’ in a given position with that size. If two different computers on a P2P network
represent this macro-object (the projectile) in two different places just Imm apart, then
when deciding where to render a single ‘electron’ in that projectile (if zoomed in upon), to

ensure that the ‘electron’ is measured to be within the 1mm radius of where the projectile
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is located across the two nodes, those two computers will need to represent it as having
approximately 1013 different likely locations spanning an entire millimeter of space.

In other words, to ensure that ‘micro-observations’ align with observations of
macro-objects across nodes, different computers will have to not assign any determinate
locations to micro-objects until rendered (as this would again be computationally
intractable), but instead represent them as having a vast number of possible paths through
space and time, as in a path integral description of quantum mechanics (Figure 31).85

Figure 31.

Path Integral Description of Quantum Mechanics86

B

A

We are now in a position to potentially explain the double-slit experiment results in terms
of P2P networking and dead reckoning. First, if different computers on a P2P network
represent particles as likely being in many different possible places in space before being
rendered/observed, then when a macro-object (such as a proton gun) emits light toward a
barrier with two slits, each computer on the network will have to represent the possible

locations of a single particle something along the lines of Figure 32.
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Figure 32.

P2P Nodes Representing Where a Given “Particle” is Likely to Be Before Rendering8?

i el
Plarar wa
g a lasar)

I

scrasr wills eElical eplcal strauar
D wlils S Frizeill wisiw]

In other words, before rendering where a particle is (when merely taking macro-level
measurements), each computer on a P2P network will have to represent a single micro-
particle as likely taking many different paths through space and time from a given source to
destination. However, as we have seen, for this to be done in a computationally tractable
way, no computer on the network—nor the network as a whole—can actually represent
the particles as actually taking all of those paths (as representing each path as actual would
require an immense amount of computing resources). What programmers would have to
do is to take a shortcut that generates the same probability distribution for where to render
a micro-object (viz. many possible paths) without rendering those paths. The answer of
how to do so is for each machine on the network to apply curved dead reckoning solutions
(the same ones we examined earlier) to where particles are likely to be, but without

rendering where the particle is (Figure 33).
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Figure 33.

Catmull-Rom Dead Reckoning Shortcut to Reduce Complexity88
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In other words, the only computationally feasible way to realize a ‘believable’ P2P game
environment that suitably aligns the properties of rendered macro-objects (such as
projectiles or large shadows of light) with where micro-objects (such as individual
particles) should be rendered (if ‘zoomed in” upon) is to:

1. Render the likely positions of micro-objects as dead-reckoning wavelengths
when it is computationally intractable to render an exceedingly large number of
individual object paths to account for macro-object behavior.

2. But, the moment any player ‘zooms in’ to measure such a particular micro-object,
render it as being in a particular location with determinate properties (qua ‘point
particle’).

But, this is more or less what the double-slit experiment indicates: that particles, at least
when traversing two slits, are ‘rendered’ in our reality as waves that (in effect) represent a
single particle as (likely) ‘traveling through both slits’—but, the moment any detector seeks
to measure exactly where the particle is located, it is always ‘rendered’ as being at a

particular point (traveling through one slit or the other, but not both).
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Two further issues also need explaining. First, we need to explain why particles are
not rendered as waves when traveling through just one slit. Second, we need to explain the
double-slit wave-interference pattern that occurs when individual particles are not
measured by a detector. The first issue here is relatively straightforward to address.
Videogame programmers can program game engines to utilize computational shortcuts
when, but only when, not using the shortcut would overtax the system. In the case of the
double-slit experiment, the explanation here is whatever network of powerful computers
comprises our reality, computers on that network are able to render individual particles
passing through a single slit without utilizing the above shortcut, and it is only when
computers attempt to keep track of far more complex particle paths (viz. two slits) that the
shortcut is triggered. One interesting feature of this explanation is that we may be able to
extrapolate the computational limits of the P2P networked computers (and computational
resources and limitations of the network as a whole) from this feature of quantum
mechanics—that is, by explaining what computational limitations such a system would
likely have for programmers to choose this particular shortcut under the specific types of
conditions of the two-slit experiment (but not the one-slit variant).

Thus far, we have examined how dead reckoning strategies to ensure a ‘believable’
gaming environment use Cubic Bézier splines and Hermite curves to ensure smooth-
looking paths for objects, and how these programming strategies generate wave-like
dynamics. However, these approaches notoriously generate wave-like undulations for
macro-objects (such as simulated cars). Left without further correction, these types of

oscillations result in unrealistic oscillations of objects in P2P environments (Figure 34).
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Figure 34.
Oscillations of Object Paths from Cubic Bézier Spline Interpolation8?

=real location
Red = dead reckoned location

Without acceleration

If you or [ drove a car in a circle (real position) but other observers (due to dead reckoning)
viewed one as driving in one of the undulating red shapes above, then our ‘shared reality’
would not be believable. We would observe macro-objects appearing to do very different
things. This problem is dealt with in P2P gaming through two additional approaches to
dead reckoning, known as projective velocity blending and path blending. Projective velocity
blending involves any given computer taking a measurement of a given object (e.g., my
game console) blending—or adopting the average value—between its own representation
of the object’s velocity and the velocity reports it receives about the object from other
nodes on the network. Figure 35 displays the simple case of linear projective velocity
blending? between where an object is represented by one computer (Po) with object
velocity reported by a second computer (P'0)—such that the next velocity plotted (Qt)

comprises the average value in between.
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Figure 35.

Dead Reckoning with Linear Projective Velocity Blending®1

Projective velocity blending results in more ‘believable’ object paths (Figure 36)—in the
above case, a vehicle moving approximately in a smooth circle without large undulations.
Figure 36.

Object Path with Projective Velocity Blending??2

Green = real location
Red = dead reckoned location

This, however, is merely for objects with simple trajectories (such as a circle). For complex
object trajectories, a more complex approach—path blending via neural networks?3—is

utilized. As Figure 37 illustrates, neural network path blending is just like velocity blending,
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except that it incorporates an additional variable—'displacement between the current and
prediction positions’¥*—along with velocity.
Figure 37.

Overview of Path Blending Neural Network?>
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Figure 38 illustrates how accurately a state-of-the-art neural network path blending

approach (‘Ours’) predicts object locations (‘Master’) compared to linear velocity blending

(‘Linear’), even with untuned parameters—that is, without engineers tuning the algorithm

to produce desired paths—as well as a relatively long 300ms message interval between

computers (an interval far longer than P2P games typically communicate, i.e., <100ms).
Figure 38.

Accuracy of Path Blending Neural Network Dead Reckoning®®
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“Results of path tracking blending with untuned parameters and a message interval of 300ms”

44



Predictive path blending is highly accurate, resulting in predicted object locations that
match closely with the actual object location recorded in updates by other computers on
the network. Path blending has even greater accuracy when shorter message intervals are
used between nodes (e.g., 200ms), and when its parameters are tuned by the programmer
to improve accuracy (Figure 39).

Figure 39.

Accuracy of Path Blending with Tuned Parameters and 200ms Message Interval?®?
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As we see here, the path blended approach with these characteristics (‘Ours’) matches the
actual path reported by other nodes (‘Master’) almost perfectly. This demonstration is
important because it demonstrates that to provide a ‘believable’ game environment—one
in which all players observe approximately the same object behavior, with smooth object
movement (rather than choppy or undulating deviations from what one would otherwise
expect), path blending must be utilized: each computer on a P2P network must blend object
paths and velocities that it receives in updates from other computers to plot where the

object should be rendered at the next instant.

45



When combined with our earlier explanation of the double-slit experiment, this
explains the constructive and destructive wave interference observed in the two-slit
experiment when there is no particle detector present. Recall how, to reduce
computational complexity, game designers would need to program P2P games to render
spline-based waves rather than every actual particle path. If this is what each individual
computer renders (when individual particles are not being measured)—again, as a
shortcut to avoid having to render every particle path (which is computationally
infeasible)—then, following the same measurement errors that arise in P2P networking
more generally, different computers should render these very waves in slightly different
locations. But, as we saw earlier, the ‘overlap’ between what different computers on a P2P
network render should fall along a normal bell curve, qua Gaussian wave. That is, in regions
closer to the central tendency of where a object (such as a projectile) is represented, there
should be substantially less error between where one computer represents the object and
whether other computers on the network do. This means that if we program the shortcut
we have been examining, two or more computers should render waves that overlap well
along some trajectories but fail to overlap (or get out of phase across machines) further
away from those areas of central tendency.

In other words, once we adopt the wave-rendering as a computational shortcut in
P2P environment (to avoid the infeasibility of rendering every microparticle) and we
combine this with the natural normal distribution of measurement errors that occur in P2P
networking, it follows that across any area where this function is being rendered—that is,
conditions where the computers need to render certain macro-effects (such as shadows of

light) but cannot feasibly do this by rendering every particle (as in double-slit cases), the
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waves that different computers render will be completely in phase close to areas of central
tendencies and completely out of phase further away from the central tendency.

The point is this: if we combine this with neural network path-blending—that is, a
dead reckoning approach where each computer blends (i) the path they are rendering with
(ii) the paths that other computers on the network are sending in—then in areas of the
simulation where there is good overlap (close to areas of central tendency), the path
blended solution will be constructive wave-interference. However, in areas away from the
central tendency, where waves are out of phase across machines on the network (again,
due to these regions being outliers where measurement errors are greater), the path
blended solution—taking the average between the waves out of phase—will be destructive
wave interference. But this is exactly what is observed in the double-slit experiment.

So, we have explained how an entirely natural approach to handling problems of
measurement error correction and computational complexity in ‘believable’ P2P game
design—(i) rendering only observed objects, (ii) avoiding rendering micro-objects that
would outstrip the computational resources of any feasible computational system until
they need to be rendered when directly observed, (iii) rendering dead-reckoning wave
corrections as computationally feasible simplifications to keep track of where micro-objects
are likely to be given the macro-world that is rendered at a given time, and (iv) combining
spline-based interpolation with predictive velocity and path blending—together explain
why we observe the bizarre results we do in the double-slit experiment in our world. The
results of the experiment are just what one would expect if we are living in a vast P2P
network computer simulation utilizing state-of-the-art solutions to resolving measurement

errors in a way that is as ‘believable’ as possible given computational constraints.
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3.4. From Dead Reckoning for Believable P2P Gaming to Wigner’s Friend
Eugene Wigner gave a famous thought experiment, now known as Wigner’s Friend, that he
took to show that consciousness plays a privileged role in quantum mechanics: specifically,
that only it can collapse the wave-function.?® Wigner’s example is a variation of another
famous problem, known as Schrédinger's Cat.?? In Schrodinger's example, we are to
imagine a cat inside a sealed steel chamber with a Geiger counter, a tiny bit of radioactive
substance, and a small flask of hydrocyanic acid. During the hour in which the cat is in the
chamber, the substance has a 50% probability of one its atoms decaying. If the atom does
decay, it will trigger the Geiger counter to break the flask of acid, which will kill the cat. But,
if this does not occur, the cat will live. Given that the radioactive system is a quantum
system, quantum mechanics holds that these two scenarios—the one in which the cat dies
and the other in which the cat does not die—exist in a superposition. The question then is
when, and how, the superposition stops existing and one of the scenarios will occur
(‘collapsing’ the wave function). According to Copenhagen interpretation of quantum
mechanics (which a recent informal survey indicates to be the most popular interpretation
among specialists by a significant margin100), Schrédinger's Cat is both alive and dead until
the box is opened and the quantum system inside the box is observed.101 Schrédinger
himself took this seemingly paradoxical result to challenge the Copenhagen interpretation,
and alternative interpretations of quantum mechanics have been advanced as ways of
avoiding this and other apparent paradoxes.

Wigner’s example is a variation on this scenario—one in which, instead of a cat with
poison inside the box, there is a human being (an ‘observer’) within a sealed room who will

either observe a flash on a screen if a photon hits the screen or observe no flash if the
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photon does not. Wigner points out that, according to quantum mechanics, this person
inside the room—Wigner’s friend—will never observe a superposition between these two
states: they will either observe a flash on the screen or not, but not both. Next, however, we
are supposed to imagine Wigner himself outside of the room—a second observer who, just
like in the original Schrodinger's Cat case, cannot observe what has happened in the room
until it is opened. According to quantum mechanics, from Wigner’s standpoint as an outside
observer, what happens in the room is in a superposition until Wigner can see inside, at
which point—upon measuring the system—Wigner will find one of the two results to have
happened but not both. For Wigner, this example demonstrates that consciousness itself
(and only consciousness) collapses the superposition described by the wave-function. For,
as we see here, conscious observers never observe superpositions. Wigner’s friend’s
consciousness collapses the wave-function within the box for the friend, but it is only when
Wigner peers inside the room that the wave-function is collapsed for Wigner. This suggests
that the world itself exists in contradictory states during the intervening period for Wigner
and his friend. From Wigner’s standpoint outside of the room, what occurs in the room in
fact exists in a superposition: a measurement cannot have taken place inside the room until
Wigner peers inside. But, from his friend’s standpoint inside the room, a measurement has
been taken—and a clear outcome observed (a flash or not a flash)—before Wigner takes a
measurement. Finally, and perhaps most astonishingly of all, these implications appear to
have been experimentally verified: relative to a couple of background assumptions
(concerning ‘locality and free choice’), an experimental examination of violations of Bell’s

inequality reveals that two observers can indeed experience ‘different realities.’102
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We can explain these results by P2P networking and dead reckoning in several
steps. We may recall, first, that in P2P gaming, every player does experience their own
distinct ‘reality’, such that at any given point in time they never will experience a
superposition, though from the standpoint of the network as a whole, all of their realities
will jointly constitute a superposition. Secondly, however, as we have seen P2P game
programmers utilize partial rendering strategies—where only part of an environment is
actually rendered (namely, the environment being observed by a given player)—to save
processing power, a strategy necessitated by limitations in processing power. Next, we saw
that the natural way to do this while ensuring a believable environment for all players is for
the game engine to simply apply dead reckoning probability functions to non-rendered
phenomena, so that when any player does render the relevant object(s), the object will be
rendered as having a location and properties that approximate where any other player will
measure the object if they become in a position to render it (by bringing the object within
their point-of-view/POV, including by ‘zooming in’).

Here, then, is what we have. Let us treat one computer as ‘Wigner’s friend’s
computer’, where this computer renders the point-of-view (POV) of Wigner’s friend as the
game-player (e.g., a flash of flight or lack thereof caused by a particle hitting or not hitting a
detector, respectively). Then let us treat a second computer as rendering Wigner’s POV.
Finally, since these two computers communicate with other computers in a P2P network,
let us image three other computers rendering three other players’ POVs some distance
removed from Wigner and his friend’s environment. In that case, given how we have seen
partial rendering with dead reckoning for believable P2P games to work, Wigner’s friend

will observe a determinate event inside their room (e.g., a flash of light). However, from the
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standpoint of every player outside of the room, including Wigner—and from the standpoint

of the union of all of the computers that Wigner’s is communicating with—what occurs in

Wigner’s friend’s room will be a superposition described by a wave function (Figure 40).

Figure 40.
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In short, when dead reckoning is used to calculate likely object positions given updates
from all other computers on the network, Wigner will receive updates that the object is
likely in a number of places simultaneously—but, because the actual quantum event (the
flash in the sealed room) is only in Wigner’s friend’s POV, only Wigner’s friend’s computer
will render the event with determinate properties (as a single flash). Dead reckoning
approaches to P2P gaming thus explain the privileged role that ‘consciousness’ has in
‘collapsing the wave function.” P2P games only render objects as having determinate
properties within the POV of the individual gamer. This means that all other gamers on the
network who cannot view those events will never render them with determinate qualities
(e.g., eigenstates) until they look inside, at which point their computers will render what
happened inside the room, ‘collapsing’ the wave-function that describes these dynamics for
them at a later point (and in a different way) than Wigner’s friend’s computer ‘collapsed’ it
for him while he was inside of the room. This also explains why no one—neither Wigner
nor Wigner’s friend—ever actually experiences objects in superpositions. Wigner’s friend
always experiences determinate events within the room (e.g., a flash at one point rather
than another) because his computer is rendering those events. All other computers on the
network will represent those events as in a probabilistic superposition until they view the
system themselves, at which point their computer will render it for them. This explains how
it is our point-of-view—that is, our ‘conscious first-personal perspective’—that constantly
‘collapses’ object superpositions so that we never experience them.

4. How Extant Interpretations of Quantum Mechanics May Each Be Partly True
Notice that, if correct, this paper’s model may explain quantum phenomena in a way that

no other interpretation does. Rather than taking quantum phenomena as given—as
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fundamental physical features of our world—our new interpretation gives a deeper
computational explanation of why our world has those features in the first place. Here, we
believe, is a helpful analogy. Imagine that we lived on the surface of a giant clock, and we
witnessed an hour hand, minute hand, and second hand traversing the sky. After measuring
their behavior, we might put together a theory of ‘fundamental physics’ for this world
comprised by equations describing the surface features and behavior of the hour hand,
further equations describing the minute hand, a third set of equations describing the
second hand—and finally, a unifying equation explaining how their behavior relates (viz.,
an equation describing how, every time the second hand traverses 360 degrees, the minute
hand advances 1/60t of that same circumference, and how every time the minute hand
traverses 360 degrees, the hour hand advances 1/60t of the circumference). Assuming we
had such a ‘fundamental physical theory’ in hand, we might aim to interpret its ontological
significance. Are there deeper ‘hidden variables’ not observable in the physical world that
somehow relate the behavior of the hour, minute, and second hands? Or, is it just a brute
law of nature that the different hands behave in the strangely well-organized manner that
they do? Here, we might speculate endlessly. But, surely some particular answers are
better than others. Given that the physics of the world question behaves just like that a
clock, there are some grounds for that the world has a deeper functional structure: namely,
the structure of a clock—structures that explain why the ‘hands in the sky’ move as they do.
That is, if we observed the world behaving just like a clock, then we would have abductive
grounds for believing that the world is a clock—that we live in a ‘Clock World.” After all, this
interpretation of the behavior of ‘Clock World’s fundamental physics’ provides a deeper,

unified functional explanation of the world’s behavior that other interpretations do not—
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one that, as an inference to the best explanation, suggests that the world’s fundamental
physics is not fundamental after all, but rather emergent from a deeper functional
structure. Our new interpretation of quantum mechanics is just like this. Further, in
addition to providing a unified explanation of the existence of quantum phenomena and
their many otherwise bizarre features, our new interpretation reveals that many existing
interpretations of quantum phenomena contain some elements of truth.

Consider the Copenhagen interpretation. There is, surprisingly, no definitive
statement of exactly what the Copenhagen interpretation is, as there are fundamental
disagreements between its proponents (particularly Bohr and Heisenberg).194 However, as
a very rough first approximation, this interpretation holds that quantum particles exist in
all of their possible states (given by the quantum wave-function) at once in a superposition
until a measurement is taken, at which point the wave-function indeterministically
‘collapses’ such that the particle is observed to approximate classical behavior, viz., having a
near determinate state (though, following Heisenberg’s uncertainty principle0s, it remains
impossible to know both the position and speed of a particle with perfect accuracy). Our
new interpretation/explanation of quantum mechanics shows there to be a real element of
truth to the Copenhagen interpretation. For, as we have seen, in believable approaches to
dead reckoning in P2P gaming, all objects do exist in a constant superposition from the
standpoint of the network as a whole, and at every instant that a given computer on the
network takes a measurement—rendering the local environment for its user within their
point-of-view—that computer will measure the object(s) in that environment as having
near-determinate properties (e.g. a definitive location, though due to measurement errors

and dead reckoning, such an observer will not be able to predict the object’s next
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location—and so, direction and velocity—with absolute certainty, just as is the case for
quantum phenomena in our world). So, if our explanation is correct, the Copenhagen
interpretation is partly true: it is just not the whole truth. Notice, finally, that our
interpretation provides a new resolution to perhaps the most fundamental problem with
the Copenhagen interpretation: the measurement problem.19¢ In brief, the Copenhagen
interpretation requires invoking observers or measuring devices in a classical (non-
quantum) domain to ‘collapse’ the wave-function—yet, according to quantum mechanics,
observers/measuring devices are themselves quantum devices, not classical ones. Our
interpretation provides a novel solution: every computer on a P2P network renders a
classical domain (i.e. objects having near-determinate properties) at every instant, which it
does through dead reckoning on the basis of updates from other computers on the
network—yet, that very act of measurement engages with the network as a whole (by
receiving messages from many different nodes), and the network as a whole is a
superposition of states with a particular probability function (qua wave-function).

Now consider the Everett/Many-Worlds Interpretation (MWI). As a rough first
approximation, this interpretation holds quantum superposition is to be understood in
terms of equally real quantum worlds. Rather than positing an indeterministic wave
function collapse, the MWI holds that measurement causes quantum systems to decohere
into many different worlds in a deterministic manner97, such that there exists a unique
world for each possible state of a quantum system given by the wave-function (and so, an
uncountably infinite number of parallel universes198). Although the MWI has been argued
to resolve various problems with the Copenhagen interpretation (including the

measurement problem, though this remains debated19?), there are many objections to it,
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including the obvious objections that the existence of parallel worlds is unfalsifiable and
ontologically profligate, and hence pseudoscientific to posit.11° Our new explanation of
quantum mechanics suggests that we have strong explanatory grounds for positing the
existence of ‘many worlds’—not entire universes, but instead a vast array of parallel
interacting simulations. Our grounds for positing the existence of these simulations is,
again, that they explain features of quantum mechanics that needs explaining: why there is
a quantum wave-function, why objects exist in a superposition until being measured, why
quantum information travels in Gaussian wave packets, why the double-slit experiment
finds what it does, and why (qua Wigner’s friend) ‘consciousness’ (viz., rendering a player’s
POV) plays a privileged role in quantum mechanics, ‘collapsing’ the wave function so that
superpositions are never observed.

To this extent, our explanation also suggests that the ‘many minds interpretation’ of
quantum mechanics—a fringe interpretation which holds that the quantum world is
comprised by many parallel minds projecting a ‘shared physical universe’—contains some
real element of truth as well. For, each ‘world’ in a P2P simulation is, in essence, projected
by a measuring device (a computer processor) that is in fact outside of the ‘physical world’
it projects. Indeed, the P2P simulation hypothesis involves a kind of functional dualism,
holding that our reality is in fact comprised by two entirely different things: (I) a
‘processor’ (or measuring device), that (II) reads game data (e.g., the simulation’s
program). Insofar as computer simulations are comprised by processors reading and
projecting the physical game data to its user as a 4-dimensional environment (qua

hologram), the POV of any user is indeed ontologically and epistemologically special: it is
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constituted by a dualistic mechanism (a processor reading game data) that is in fact outside
of the ‘physical world’ it projects and measures.

We could go on—but for reasons of space, we will leave it at this. Although our
model is at this point just a higher-level conceptual sketch, there are some reasons to
believe that our model may—if future investigation can show how to realize a quantum
world just like ours from P2P networking (in all of its rich details)—accomplish something
that no existing interpretation of quantum mechanics promises: explaining why our world
is quantum mechanical. Our model also suggests that extant interpretations of quantum
mechanics may each be partly correct. On our model, quantum mechanics really is
comprised by a superposition of states that are ‘collapsed’ by processes of measurement
(qua Copenhagen Interpreation). But, these phenomena just are many ‘worlds’ (viz. the
Everett Interpretation)—specifically, many parallel simulations—measuring each other,
such that each user always experiences a near-classical environment (viz., the many-
interacting worlds interpretation). Further, the explanation for how these worlds generate
quantum phenomena is fundamentally relational (qua relational quantum mechanics),
involving ‘hidden variables’ (dead reckoning algorithms), akin to Bohmian mechanics.

5. Conclusion

Critics of the simulation hypothesis have deemed it pseudoscience.l11 Others maintain that
if we discovered tell-tale ‘glitches in the Matrix’, then that might be physical evidence that
we live in a simulation.112 If this article is correct, then quantum mechanics itself may be
such ‘glitches’, constituting real evidence, by inference to the best explanation, that we live
in a massive peer-to-peer network of interacting simulations using dead reckoning

solutions to ensure an otherwise ‘believable’ world for observers.
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