Chapter 2. Simulating Space and Timé

Brian Whitworth

“To me every hour of the light and dark is a mimc
Every cubic inch of space is a miracle”

Walt Whitman

ABSTRACT

This chapter asks if a virtual space-time could empto those within it as our space-time does toAls
processing grid network is proposed to underlie just matter and energy, but also space and tintee T
suggested "screen” for our familiar three dimensaioworld is a hyper-sphere surface simulated byrid g
network. Light and matter then travel, or are tramied, in the "directions" of the grid architecturThe
processing sequences of grid nodes create tim#jeastatic states of movies run together emulagmtsy Yet
here what exists are not the static states, butdyramic processing between them. Quantum colleptee
irreversible event that gives time its direction.this model, empty space is null processing, toes are node
links, time is processing cycles, light is a preieg wave, objects are wave tangles and enerdyeiptocessing
transfer rate. It describes a world where emptycgpis not empty, space warps, time dilates, andythiag
began when this virtual universe "booted up".

INTRODUCTION

Previous work proposed that since the simulatigoothesis is about the knowable world, its contveiti
the objective reality hypothesis is testable, basieghly on which better explains our world [T]his chapter
develops a design to simulate a space-time liks,onhile later chapters address light, matter aravity,
respectively

Method

The simulation conjecture contradicts the positisigoposition that nothing exists beyond the platsiout it
doesn't contradict science. Onfssumingthat it is impossible short circuits science, whighould evaluate
hypotheses, not presume them wrong. That the pdysiarld is a simulation seems absurd, but by tinigithe
unthinkable science has advanced in the past.

Driving this proposal is that objective reality asgptions no longer work in modern physics. In ajective
reality, time doesn't dilate, space doesn't bebgkais don't teleport and universes don'’t pop Enstence from
nowhere. No-one would doubt that the world was abje if only it would act so, but it doesn’t. Tesntike
"spooky" and "weird" well describe the quantum amthtivity theories, that predict the world briliiy but
contradict our common sense ideas of it. Moderrsigytells us that there is something rather odulathis
world of ours.

Science “proves” a hypothesis by assuming ifaitgwing its logig then testing its predictions against world
data. So the way to test this theory is to do flnat, toassumst is true,designa hypothetical simulation, then
validateit against what the world actually does. If susfels the core laws of physics will derive in a sibte
way from information theory, illustrating TegmarkKBhysics from scrat¢rapproach [2 p6]. The method is:

1. Specify List the requirements of a world like ours.
2. Design Design a feasible model.

3. Validate Is the model compatible with the physical world?

! First published as: Whitworth, B., 2018imulating space and timPrespacetime Journal, March 2010, Vol. 1, Issue 2
Page 218-243. Also availableldtp://brianwhitworth.com/BW-VRT2.pdf
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4. RepeatUntil validation failure, logical inconsistency further design is impossible.

The consistency constraint is significant, as agiesan easily emulatnerequirement but to emulate many
at once is not so easy. The design should also:

1. Follow best practicedJse established computer science principles.

2. Satisfy Occam's razoGiven a design choice, the simpler option shoelddien.
The research questions proposed are:

1. Could a simulation emulate the physical world assee it at all?

2. If so, is physical reality more likely to be a slatador objective?

While the inhabitants of a simulated world's caeé the programs creating they, they can seelogid. If
that world arises from processing, its nature ghoeflect that, e.g. it should be comprised of e pixels that
refresh at a finite rate. Beings in a simulatedlgdvaould look for the tell-tale signs of informatigrocessing
As we know how processing behaves and how the wuwelthves, this theory is open to evaluation by our
science.

Background

A hundred years of research have validated quardoth relativity theories in sub-atomic and cosmic
domains, yet they conflict at the core. The quapdathat:

1. Quantum theoryassumes an objective space background, whichiviglaspecifically denies. For
guantum theory to satisfy relativity it must background independerite. not assume, as it currently
does, that quantum states arise in a fixed spatewive in a fixed time [3].

2. Relativity assumes objects exist locally, which quantum thespecifically denies. For relativity to
satisfy quantum theory it must Bereground independent,e. not assume, as it currently does, that
localized objects move relatively through spacestim

These two great theories contradict because ediinkle an objective reality assumption the othércditngs
to. Quantum theory challenges the objective realitioreground objects, but still assumes a fixadkground.
Relativity theory challenges space and time asotibe backgrounds, but still assumes fixed foregobabjects.
Both theories rebelled against the idea of objectigality in different ways, so each exposes theertd
conceptual baggage but ignores its own.

To reconcile, both theories must abandon entirklgtgective reality assumptions, i.e. reject olijge space,
objective time, objective existence, objective mmeeat and any similar ideasThe prime axiom here is that
nothing in the physical world exists of or by ifsedo while it seems substantial and self-sustginoth its
foreground and background arise from processiBge can't "half-adopt" this theory, so it has medi space or
time that quantum states exist in, nor any fixetities that move relatively. The only constantrigrmation
processing, with space, time, matter and energyouiputs. In this model, not only is matter-enecgiculated
by "space" as Zuse suggests [4], but space itsalso calculated.

The grid

In our computer simulationgrograms direct a central processinginit (CPU) to create theixels we
observe In this model, quantum equatigmogramsdirect adistributed processing networalled the grid to
calculate quantum staf@xelsthat are physical reality whewbserved Yet there are two critical differences.
First, the grid "screen”, in our terms, that reesithe processing is the same processing netwatlotiiputs it.
Second, the observer is not outside the simulaisniyhen we watch a video, but inside it, i.e. #yistem is
simulating itself to itself. Figure 1 shows:

2 This doesn't deny realism. The model doesn'tisaiythe world isn't real, just that it isn't objeety real.
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1. Programs Entity class programs runstance3across the grid.

2. ProcessingGrid nodes process them and pass thepnwhere:
a. Spacels the grid architecture.
b. Time.ls the node processing sequence

3. Pixels.Quantum state interactions that overload the gricse a node to "reboot", where
a. Light.Is a transverse circular rotation moving in space.

b. Matter. Is Planck energy light tangles in a grid node.
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Figure 1. Asimulatedreality model

c. Energy.ls the local grid node processing rate.

4. ObservationThe local grid node reboot that restarts and m@cates the processing of the entity classes
involved is the event we call observing physicalitg.

This chapter considers how the structure and psiug®f the proposed grid explains strange featofesir
time and space and the next chapter considers heengtion as a grid node reboot explains the ¢&paoky"
behavior of light. Yet the basic idea, that progessould create physicality, is not new:

1. Fredkin. His theory “..only requires one far-fetched assumption: therhiss place, Other, that hosts
the engine that “runs” the physic¢q5] p275.

? Instantiationis an object orientated systems (OOS) method wireney information object "instances" inherit code
from a singleclasssource, e.g. screen buttons instantiating the sdase look the same because they run the same code.
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Wilczek.Postulatesthe Grid, that ur-stuff that underlies physical ligd' [6 p111].
Wheeler His phraselt from Bit’ implies that at a deep level, all is information.

D'Espagnat Suggests aveiled reality beyond time, space, matter and energy [7].

o &~ 0D

Tegmark His External Reality Hypothesis is thatHere exists an external physical reality compietel
independent of us humarg].

o

Campbell.Proposes thafThe big computer (TBCyuns everything [8].

Barbour. Visualizes quantum waves as arising from an uwguhgrllandscape, wherel'tie mists come
and go, changing constantly over a landscape tisetfinever chang&$9] p230.

The processing gricbf Figure 1 could be Fredkin's "other", Wilczek'sdzand Wheeler's "bit" (processing)
from which "it" (the physical world) is derived. fits D'Espagnat’s view of a veiled reality behitm physical
world, as when viewing a computer game the undeaglgcreen is indeed “veiled” by the image uporT ite
grid is also an external reality that computesphgsical world, as Tegmark hypothesizes, it is Caelijs big
computer, and Barbour’'s quantum mists could bespagton a grid processing landscape.

As a city draws electricity from an power grid, #ee physical world could draw its existence from a
processing grid network. If sogverse engineering the grid desitenraises questions like:

1. Architecture How do the nodes connect?

2. Processing/Vhat values do they set?

3. Protocol.How do they transfer network packets?

4. SynchronizationHow do the nodes synchronize transfers?

CONCEPTS

Dynamic information
What is information?
Definition

Shannon and Weaver began modern information thepdefining information as the power of the number
of options in a choice[10]. So a communication channel's bandwidth ddpemn the number of choices
available, with two choices being one hit, 256 chsi8 bits or a byte, and one choice, which ishuice at all,
is zero information. Information processing is therurn defined as the transforming of stored iinfation, i.e.
setting a new choice value.

Now while a book is generally taken to contain infation, its text is physically fixed the way it is itself
the book exists agne physical choice, which by the above definitiorzéroinformation. At first this seems a
false conclusion, but hieroglyphics that one cdettipher do indeed have zero information. A booly gives
information if it can be read, when the readerscpssing choices create information, e.g. the diystbol could
be any alphabet letter, etc. A book's informatiepends entirely on the receiver decoding process.

So reading every 10th letter of a book, as in @&cgiles both a different message and a diffenertuat of
information. If the encoding process is unknownitifermation is undefined, e.g. while the genetghabet is
known the genetic language is not, as we ardesithing how gene “words” enhance or suppress etmr. To
illustrate how information assumes decoding, carsadsingle electronic pulse sent down a wiret éme bit of
information? If it means ASCII value “1” then itldeers one byte of information, or if it means fimst word in
a dictionary, say Aardvark, it gives many bytes, the information in a physical message per smiefined.

* Information | = Log(N) for N options in a choice.
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This explains how data compression can take tluerirdtion stored a physical message and put ipimyaically
smaller signal - it uses more efficient encodinglydf a reader uses the encoding as a writer dg Hdygree on
the information a message contains. Hence stdticnmation, as in a book, only exists in a dynanecessing
context.

Operation

Let static informationderive from an assumed decoding process, vayitemic informatiorarises from the
making of choices itself. So writing a book crealgaamic information, as one could write it in mamgys, as
does reading a book, as it can be read in many,veayshe book itself has no dynamic informatiosjtas just
one way and no other. It does however have staticrnation, but this only exists in the contextloé dynamic
process of reading it. In contrast, dynamic infaiorais context free, and needs no external “réamedefine
it. This distinction answers McCabe's argument thatphysical world can't be simulated:

All our digital simulations need an interpretivertext to define what represents what. All thesdecas
derive from the physical world. Hence the physigatld cannot also be the output of such a simufafid ].

The logic is correct for our static information, s always needs a viewer context. However it istnoe
for dynamic information, as it doesn't need anrpmtive context. So McCabe is right in that statformation
can't underlie our universe, e.g. imagine it “fndzeto a static state at a moment in time. It niithen have
static information, as a book does, but who woulehti” it? Not us, as we would be frozen too. Withau
reader, a frozen world is empty of information.t8tanformation, like the letters on this page;dead” without
a reader. Einstein discovered special relativityrbggining he was “surfing” a light wave “frozent space and
time. Finding this was impossible, he changed deas of space and time instead.

Implications

Our physical world can't be a static simulation bhutould be a dynamic ondén this theory, the physical
world is dynamic information not static informatiohhis conclusion, that the world we see arisemftbe
making of choices not the storing of choices, maglications, e.g. that no quantum event is everaor ever be
permanently stored. A universe of dynamic informatbnly exists by continually making choices, $&la TV
screen image, disappears if not refreshed. The ddvyghiysics fit this theory, as by relativity lighn never be
frozen and by quantum theory all entities quivethwguantum uncertainty. The model implies a worfd o
continuous bubbling flux, which is exactly what wee. The only thing that doesn't change in our dvil
change itself.

However if such a simulation “leaks” choices, itlveiventually run down, which our universe hasmwhe
over billions of years. This longevity requires dnadamental rulethat the number of dynamic choices being
made remains constargp the number of choices being made after a quaimteraction must the same as
before. Indeed, a feature of our reality is its sgymation laws, of matter, charge, energy and m&umgnto
which quantum theory adds spin, isospin, quarkoflaand color. That only one law of conservation of
processing exists is possible because all thesgeoaations are partial, e.g. matter is not consemenuclear
reactions and quark flavor is not conserved in wietdractions. In this theoryhe law of conservation ithat
dynamic information is always conserved

The pixels of space
Thecontinuum problenhas plagued physics since Zeno's paradoxes ovethiousand years ago [12]:

1. If a tortoise running from a hare sequentially gies infinite points of space, how can the haretcat
it? Every time it gets to where the tortoise whs, tortoise has moved a little further on.

2. Or, if space-time is not infinitely divisible, treemust be an instant when the arrow from a bow & i
fixed unmoving position. If so, how can many sugstants beget movement?

® Except for the initial event, but see later.
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To deny the first exposes one to the second paraahakvice-versa. The problem remains today, asitiefs
in physics equations that assume continuity, @finifely close charges should experience an itdifdrce and
light with zero mass should go infinitely fasBnly in a simulated universe of irreducible pixahd indivisible
ticks do these infinities disappear, like ghostghie day. In a discrete world, that there is nanitdély small
stops the infinitely large from occurring. It folls that continuity is a mathematical conveniendberathan an
empirical reality:

“... although we habitually assume that there is atinaom of points of space and time this is just an
assumption that is ... convenient ... There is no deggon to believe that that space and time areicoats,
rather than discrete.’. [13] p57

The definition of information as choice assumeief set to choose from. As finite choices cariNtegan
infinite continuum, a digital world must be dis@etContinuously dividing a simulated space muste giv
minimum “pixel” which cannot be split, and contirugby dividing a simulated time must give a minimtirok”
which cannot be paused. So does our reality waskvthy? If it is continuous it can't be simulated.

Investigations of the continuity of our world bredéwn at the order of Planck length, much smaklantan
atom, and Planck time, much shorter than a liglstecyTo examine such short distances or times ngleols
wavelength light, which is high energy light, buttiing too much energy into a small space givekekbhole,
which screens information from us. If you probe liteck hole with more energy it simply expandshitsizon
and reveals no more. So in particle physics nolamevs what occurs below the Planck length. Jusi@sely
inspecting a TV screen reveals only dots and refogsles, so closely inspecting physical realityeads only
Planck limits. If the world appears on a screeantphysicists know its resolution and refresh’ratéich limits
no technology will ever breach.

Life on a brane

Every simulation has a context, a containing ngaditth at least one more dimension than it has, eug
simulations appear on two-dimensional computerahd movie screen surfaces. The extra dimensiosed to
express and transmit the screen information. Ifraulation always arises on a “surface” of a contajrreality,
our three dimensional space must be a surfacéaaralimensional bulk:

“When it comes to the visible universe the situatimmd be subtle. The three-dimensional volumepats
might be the surface area of a four dimensionalinat [13] p180

In 1919 Kaluza found that writing Einstein’s gererelativity equations for four dimensions of space
produced Maxwell's electro-magnetic equations aatibrally, uniting quantum theory and gravity. This
breakthrough was ignored at the time, as in fojeative dimensions gravity would vary as an invezgbe, not
an inverse square, so our solar system for examplgd collapse. That our world is virtual was notsidered.
To "fit" an extra dimension to an objective worldeid made it curled up in a tiny circle, so entgrih just
returned you to where you began. String theory gsesuch "compactified" dimensions to model gravitet
why would an objective reality have six extra dirsiens curled up inside it that it doesn't needthimexistence
geocentrismpur worldmustcontain any extra dimensions of physics.

In contrast, in this model, our world would be @né&d by any extra dimension, which would be tagda
for us see, not too small to see. The idea iswkadre on &raneof a higher-dimensional bulk:

“Physicists have now returned to the idea that thee-dimensional world that surrounds us could be a
three-dimensional slice of a higher dimensionalld6(14] p52

® By Newton F = m.a where F is force, m is mass, aisl acceleration. Hence a=F/m, so a force acting mass of
zero (m=0) should give infinite acceleration (bgttformula).

" Planck length of 18 meter is the pixel resolution. Planck time give&1ines per second as the refresh rate.
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Randall and Sundrum’s local gravity model faithjuléproduces relativistic gravity using an extnaension
of infinite length, that is “sequestered” from @pace [17], which this model explains as follovispace is a
surface, and our existence waves upon it, the dimenorthogonal to it is denied to us as a watevenia
restricted to a pond surface. Water waves tralake surface by vibrating surface molecules up dowin. The
dimension at right angles to the pool surface rhadree - if the pool top is sealed in concreteaitnot vibrate
SO0 no waves can travel its surface. A wave needisgeee of freedom orthogonal to its surface to esgiits
amplitude. Conversely, that amplitude directionrerbe a travel direction, i.e. it cannot leave shigface it
moves on. So if we are quantum probability waves ehree-dimensional space surface, our wave amdpliis
to usan "imaginary" direction, into which we cannot §le are sequestered to our space for the samenreaso
than an onscreen avatar cannot leave a compugsrscr

In this model, the extra dimension beyond spacesveaound our world rather than curls up withinGtr
space is then just a surface in a larger bulk,anekistence is vibrations on that surface.

Distributed processing
An objective space with absolute Cartesian cootdmaeeds:
1. A zero point originA fixed centre, i.e. a (0,0,0) point.
2. A known sizeA known maximum size, to set the coordinate menmmgde?i

Yet the galaxies in our universe are all expandiggally away from each other, not from a centrearnas
yet undefined maximum size. A Cartesian simulatimuld need an allocated size from the stagt before the
big bang,to avoid a Y2K probleth

Cartesian coordinates work for small spacesdmrt't scale wellfor universes like ours that expand for
billions of years. In a scalable network, as th&teasy load increases so does the processing neededdle it
[15]. The Internet is scalable because new nddkat increase demand also add more processimgtfork
supply rises in tandem with network demand, theéesyscan grow indefinitely. This scalability requirshared
control, which is why the Internet has no “conteentre”. Initially some saw this as a recipe fatufa, but
sharing control lets systems evolve. And while afinity anywhere in a centralized system will “dnést,
distributed systems localize problems. If grid gssing is distributed not centralized, then eacteranly has to
work with its local neighbors:

“lI remember ... Richard Feynman ... saying that he thioofga point in space-time as being like a compute
with an input and output connecting neighboringref [16] p138

As space expands, new nodes add both more spacmanedprocessing, so the “performance” of space
doesn’t change as it expands - a desirable fefduge"real" universe. Distributing processing giveach node a
finite processing capacity to manage its finiteisagof space, as in the spin network theory of Igopntum
gravity [17]. In our world, the finite limit to themount of information a finite region of space capresent is a
black hole. That black holes expand when entiiig®imation) fall into them supports the idea thpace has a
finite processing capacity, as does cosmalogy

“...recent observations favor cosmological modelwfrich there are fundamental upper bounds on bath th
information content and information processing raf&8] p13.

A black hole then represents the maximum any goitercan process.

8 For example, the point (2,9,8) in a 9 unit cubacgpmust be stored as (002,009,008) for a 99%paite

° Before 2000 older computers stored years as tgitsdb save memory, e.g. 1949 was stored as “Bi8&. year 2000
gave the “Y2K" problem, as the coordinates wereuakd up already. The year after 1999 was “00"ctvitiad already
been used (for 1900). A lot of money was spenhxhis problem.

9 The nodes of the Internet network are InterneviSerproviders, or ISPs.
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SPACE AS PROCESSING
Knowing when entity packets in a node network 'Idefl is not a trivial issue. Two design options: are

1. Entities calculate the interactionEach entity compares its position to that of #fleos, to know when it
collides. Yet foreachquantum entity in our universe to compare its fpasirelative toeveryother at
every moment is an enormous computing task. Algbt bhotons don't collide as matter does, but just
combine their waves. If so, the simulated spacearirom the objects in it.

2. Nodes calculate the interaction&ach grid node just processes a point of “spaceh egycle. Now
calculating collisions is much simpler, as it istjwhen overload the same node in the same cytde, A
photons can just combine and not overload the néde, space in the simulation will exist as saniveg
apart from the objects in it.

As a processing simulation clearly favors the sdamption, which option does our reality favor?

The question of whether in our world space existsiot, apart from the objects in it, has concertiex
greatest minds of physics. Simply pifitevery object in the universe disappeared woplacs still be there Is
space “something” or is it truly nothing? Newtowsspace as an the canvas upon which objects aneegaso
it would still exist even without the objects. Lieb found empty space as a substance with no pieper
unthinkable, so argued that space is just a demustie make
based on object relations. To support this viewnbtes that a
vast empty space has no “where” for an object toplaeed,
unless there are other objects around. Also, tleabmly measure
“distance” relative to other distances, e.g. a mei@s the length
between two marks on a platinum-iridium bar heldParis. For
Liebniz objects moved with respect to each other‘apace” was
imaginary, so if the universe of matter disappeainede would be
no space.

Newton’s reply to Leibniz was a bucket - imaginducket
filled with water hanging from a rope that is smmund (Figure
3). First the bucket spins but not the water, mdnsthe water
also spins and presses up against the side to mat@ncave
surface. If the spinning water moves with respectahother
object, what is it? It can't be the bucket, ashat $tart when the
bucket spins relative to the water the surfac&ats ©nly later when bucket and water spin at e speed is it
concave. In an otherwise empty universe where allement is relative, Newton'’s spinning bucket stdog
indistinguishable from one that is still. Or corai@ spinning ice skater in a stadium whose arfey sutwards
due to the spin. Oneould see this as relative movement, as the stadiunmisigjraround the skater, but if so the
skater’s arms would not splay. This suggests tieatkatereally is spinningn space [19] p32.

Figure 3. Newton’s’ bucket.

This seemed to settle the matter until Einsteinetpéewton’s idea of an absolute space through which
objects move. Mach then tried to resurrect relath@vement by arguing that the water in Newton’sketic
rotated with respect to all the matter of the uréee According to Mach, in a truly empty universe surface of
Newton’s spinning bucket would remain flat and @nsfmg skater’'s arms would not splay outwards! This
reflects how unsettling to object orientated phigsicis the idea that space, which one cannot toncheasure,
is:

“... something substantial enough to provide the ulnadtsolute benchmark for motidfil9] p37

Rather than the objects creating space by theitioels, as Leibniz thought, the current verdichat “space-
time is a somethirig19] p75.

In this model, space, whether empty or full of ragtts the processing of an unseen grid. Yet It the sort
of objective backdrop Newton envisaged, as whictienkinks to which pixel is not fixed. So an "objettat
moves with respect to those around it need not mtle respect to the grid, e.g. an onscreen awsiédking
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through an onscreen forest can stay at the samé @oia screen because neither the virtual foregtaor the
virtual background are fixed with respect to theesa nodes. Equally, a screen avatar could "séel qixels
by interacting with them, but not the screen thaates them.

The architecture of space
It seems strange to talk of the "architecture"pzfce, but computer simulations of it do just that:

“...we think of empty spacetime as some immateriatanite, consisting of a very large number of
minute, structureless pieces, and if we let thedateract with one another according to simple asule. they
will spontaneously arrange themselves into a wkitdé in many ways looks like the observed univef2e]
p25.

This raises the strange questidhat does space ddtere is one specification:

1. ExistenceSpace allows entities to exist within it.

2. DimensionsSpace offers three degrees of movement freedom.

3. Interaction.Space defines when entities interact.

4. Direction. Space naturally moves entities in appastraight lineggeodesics).

Can a transfer network meet these requirementscargthe directions of spaderive from grid architecture?
The following does so, first for one, then two,rthibe three dimension case of our space.

The Euclidean barrier

Euclidean space is so deeply embedded in our ntfiradsve tend to see it as the only way a spacdeamd
structure all spaces accordingly, e.g. war-gamaigded their maps into hexagons that cover it corgije not
octagons that don’t. Loop quantum gravity [21]]daFr automata [22] and lattice simulations [23tthisestatic
structuresto map nodes to points in an idéalclidean space cannot model a relativistic spaaedurves and
bends. This needsdynamicstructure,that allocates nodes to points as the Internetatiés IP addresses - on
demand.

The following figures seem show grid nodes in quaice, but are just analogies to help understandiag.
limit the grid that creates space by placing itde®in the space it creates is backwards logiceXi& in space,
but what creates space need not, e.g. our comprEgite web sites in cyber-space, not physicalespslere
“distance” is measured in mouse clicks not milefidly node goes “where” is irrelevant to this aretitire, as
terms like “close” and “straight” arise from itsratections, e.g. a node connected directly to anashnear”
while one that is many links away is "far". If the&ections and distances of our space derive énfirem how
these nodes connect, they by definition exist datglie space they create.

One and two dimensions

In Wilson's original idea of a lattice creating spaeach vertice is a
volume of space. From this Penrose developed timersaworks used in
loop quantum gravity, where each vertice joins éhezent lines, so two
inputs can give one output [24].

In the structure proposed here, the vertices aveegsing nodes and the
lines between them information transfer channels,vihile each node is
still a "volume", it has many neighbors not juseth

If a set of processing nodes of equal capacity eachects itself to two
arbitrary others, the result is a one dimensionghce (Figure 4).
Connecting one node to two neighbors gives twosfeandirections, left
and right. One notional rotation creates one difioensf space, as defined
by the node connections.

Figure 4. A one dimension surface
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To add another dimension, “rotate” the circle jgr&tated around an axis. Each node now forms anoitobs
like the first, with the same number of points. S hllows it two “orthogonal” movement dimensionedahe
space can be visualized as a sphere surface wititddles and latitudes (Figure 5). A two-dimension
“flatlander” confined to points on the surface loistsphere would see a space that is:

1. Finite. It has finite number of points.

UnboundedMoving in any direction never ends.

With no centreEach point is a centre of the sphere surface.

2
3
4. Approximately flatlf the sphere is large enough.
5

Simply connectediny loop on it can shrink to a point.
On demand connections

How the Figure 5 nodes connect depends on théawtakis used.
A node on the rotation axis of the original one-gliteional circle
(Figure 4) will become aole, with many longitudes radiating out
from it, each linking to a neighbor node. Theseeasotbrm aplanar
circle around the pole, and their connections define hotransfers
information, i.e. its direction choicem the sphere surface.

Figure 5. A two dimension surface

Yet the rotation making that node a pole was ahjtrRotating the original circle on a differentisagives
the same sphere but a different connection cordtgan. The set of all possible rotations defindspaksible
connection configurations for the sphere surfacealhrotations involve the same nodes, changiegttation
axis only changes the node connections, whichsyg fm a network to do. Cell phone networks redulehange
their architecture to improve efficiency under load

Now suppose thatach node locally configuratself as a polesimply by setting its connections.sbhe
coordinates of this space are defined on demaied affocal node is chosen, i.e. "just in tim€here are no
global grid node coordinateaseach node has its own longitudes and latitudesh Bade “paints” its own
coordinates when activated, i.e. defines its ovatepThis doesn't allow an objective view, fromhwitt, but as
this simulation is only ever seen from within, thftesn't matter. This apparent bug becomes a &eathen
relativity is considered.

As the connection requirements are symmegnierynode connects to a planar circle of neighborsrataty
defining different directions out into the spacéhe$e directions, which are the node’s transfers|irdre
veridical to an ideal sphere surface, i.e. coryegfiproximate it. So a two dimensional space cambdeled
symmetrically by two consecutive rotations, if eawdte locally defines its own connecticas if it were the
original rotation origin of the created space

Network granularity

The network granularityof the above space depends on the number of dissteps in the rotations that
create it. While a perfect circle has an infiniterber of rotation steps, a discrete circle has arflpite number.
. . In this view, all polygons are discrete circleg. & triangle
is a “3-circle”, a square is a “4-circle”, a permaga “5-
& Q circle”, and so on (Figure 6). So every polygonais N-
- - circle that increasingly approximates an ideal leiras N
i increases. Conversely, any discrete circle can rdpose
Q O into triangles, so any discrete circle simulati@m @lso be

modeled by triangle-based simulations like spinvoeks.

QO
0000

Figure 6. Discrete rotations, N = 3-12

Most space simulations use triangles to simplig t
mathematics, but allowing only three movement dioas
is unrealistic. War gamers prefer hexagons to sguas
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they give six movement directions not four, butidvactagons as they don't fully fill the board. Wihanges
with granularity is the number of directions thesp allows. Given no need for an objective Euchdggace,
this model proposes a rotation of many steps te giany directions.

Increasing network granularity improves its appneiion of continuous space, but not all connectimmes
reversible, so retracing a route taken back age@dmot return one to the same start node, thdugitl be a
true vicinity. Also, even with the finest granutsti one can never fully cover a flat space wittclels, so
essentially this space has “holes” in it. Poinit&¥, as electrons are thought to be, could pgghs through each
other. This would be a problem for the model if muan entities existed at exact locations, but lycki our
world they don't. They exist probabilistically owvean area, as smears not points, and so don't meetlecations
to interact. Entities will register as returningthe same point if they return to the correct vtginThat quantum
entities exist inexactly avoids the problems ofn@xact non-Euclidean space.

Space as a hyper-surface

The mathematician Riemann first wondered if ouicepaas the three-dimensional surface bfper-sphere.
He asked, if a mathematical hyper-surface is aettmmensional space, how can we say for sure thhadpace is
not so? We, like Mr. A. Square of Flatland [25fuggle to imagine a dimension beyond those we épes,
but mathematically it is well defined. If rotatirgg circle into a sphere generates a two dimensismdhce,
rotating a sphere must, by the same logic, giveetitimensional surface (Figure 7). To imagine tiotg a
sphereoutside our spaceonsider our space but with every point a sphEne. resultinghyper-spherehas a
hyper-surface that is an unbounded, simply condetiee-dimensional space, just as our space is.

In this model the architecture of space arises fidistrete rotation upon discrete rotation, giving a
unbounded space that, like the surface of a sphaseno edges or centre, and that expands equatyevery
point of its extent. The parallels with our spaoe strong.

The model predicts that the grid granularity, thenber of connections per node, limits the number of
directions of the space. That each node has a fixeaber of connections predicts a minim&tanck event
anglefor single node quantum evehtd.e. that direction, like length, is quantized.

If space is a hyper-bubble surface, it cannot b&epty flat, as an absolute Euclidean space wbeldin our
world, general relativity clearly states that spaécdocally curved by

gravity, which requires another dimension for it to curve intlf
relativity is true and space curves, then it misgtl be just a surface.

If space curves locally, cosmologists wonder i§iturved globally?
One test is how a triangle's angles add up. Insfiaice they add up to
18C°, with positive curvaturethey are more than 180and with
negative curvaturghey are less. So the angles of a triangle latdoau
the earth add up to more than 188s the earth's surface is positively
curved. Of course for thousands of years we didetect that, so
likewise the curvature of a universe that has edpdrat the speed of
light for billions of years may no longer be digubte. It is as near to
flat as we can measure, but that is just the usé/ee see.

Simulating existence

Figure 7. A three dimension surface In this model, quantum existence arises from pingswaves.

Imagine a pond with waves moving across its surfabe water molecules themselves don't move - fhsty
vibrate up and down setting a positive and negativplitude with respect to the surface. What magess the
surface is the wawvgattern which is information. Our “solid” world could @ at the quantum level in the same
way — as a moving processing wave. Space as a-sypface allows the setting of positive and negatialues,

1 f a node has N neighbors in a circle arounchi, minimum Planck event angle is 360
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like bumps and dimples on a ball surface. Photovewaould then travel the three-dimensional surfdspace
as water waves travel a pond surface - by vibraéihgght angles to it. Here the "medium” is a @s8ing
network, and the wave "amplitude" just arbitrarfpimation values set.

Yet if the photons of our world are oscillations

U wave orthogonal to space, how can we ever detect them?
N v movement We can if we exist as they do. afl existence is
— vibrations orthogonal to space, the world could

m interact as waves on a surface interact.

If space is based on a rotation, it makes sense to
base existence in time on the same. The basic
process proposed is a rotation of values transverse
to space, i.e. &ransverse circlgFigure 8a) could
Figure 8. Processing a. Space and b. The firstligh ~ represent empty space as it is simple to calculate,

gives a net surface displacement of zero and is
continuous. In later chapters, light arises whes finction distributes across two or more grid eodFigure
8b), and matter arises when high energy light 'liesig

In this model, everything exists by oscillatingandimension beyond space. In Schrédinger’s equattien
core of quantum mechanics, matter is a three-dimeakswave whose value at any point is “somethititg
mathematic doesn't define, except to say thatxistg' in an imaginary complex dimension, i.e. @lésour
space. Schrodinger called it a “matter density” eydvecause high values mean that matter is maby lik be
there. Born called it a probability wave as its #tude squared is the probability the entity existghat point.
One would expect the ultimate formula of an objextieality to represent something physical, bdb#sn't. It is
in itself just information, a number that doesretide from mass, momentum, velocity or any otheysjdal
property, yet the physical properties of the watédive from it. A physical world that emerges frgquantum
probabilities supports the idea tisatbstantial matter arises from insubstantial infatian.

A transfer algorithm

In our world an unforced entity travels in a sthditine, defined as the shortest distance betweaerpbints.
The general term is geodesice.g. on a curved surface like the earth the shbdistances between points are
longitudes and latitudes, which are geodesics éwaungh they are curved. Geodesics are the linegyaldich
entitiesnaturally move. They define space, so changing tbbamges space, e.g. gravity “curves space” by
changing the geodesics. A "point" in space is @efiny the geodesics passing through it at an inefadime:

“A point in spacetime is then represented by thefdaiht rays that passes through' if26] p110

In this model, the directions of space arise frasw lyrid nodes connect. Each node is linked to rmigh
which links approximatethe directions around it. How these nodes receive pass on entity information
packets defines the constant passage-ways of sgacall straight lines. A transfer rule is now posed, first
for two dimensions then for three.

12/24



Simulating space and time 4 January, 2011

Two dimensions

Any distributed communications network needs transtiles, that tells grid nodes how to pass on gtack
When a node receives a processing packet from ghimei,
Information which other neighbor does it pass it on to? Whdinde this

Count Right
R ﬁ;‘“ Node defines the geodesics of the space.

. . Previously, for two dimensions, each node madelfitae
nsobos > : rotation "pole” by linking directly to a locgblanar circle of

. i neighbors (Figure 5). So the problem is to find‘ingt” node for
* Count Lef any planar circle “in” node.

Active
Node

. If each node transfers input to thppositeplanar circle node,

/ . - ) as in Figure 9, any set of such transfers will he fewest

Information T possible for that route, i.e. be a "straight linéaximally

Exit Node separating entry and exit nodes on the planarecimthimizes the

grid transfers for a route. A node can do this byrting both

Figure 9. Planar circle entry/exit nodes. Wways from the entry point until an overlap occuwich is the
exit point. This simple algorithm gives straightds in a two

dimensional space.

Three dimensions

In three dimensions each node has a sphere ofi@ighot a circle, but suppose thlttransfers still occur
in planar circles This is not unthinkable, as quantum Hall modede two-dimensional excitations called
anyonsto derive quantum events [27]. If so, a photordtafization plane is then its planar circle transfe
channel. If all quantum transfers use planar cictiennels, the transfer problem in three-dimensimewomes
how to keep transmissions in the same plane. A<aneut sphere into many planes through one sufamt,
so a node receiving input would have to decide Wwioicits many planar circle channels to use to grethe
output. This, as before, is essentially an in/sobfem:

Given a sending node planar circle, which receiuvirogle planar circle should process it?

A simple rule is that the receiving planar circleishoverlap points of the sending planar circle #rel
sending node itself. That only one planar circlegthis derives from the connection architectunespatial
terms only neighbor circles in the same plane agettiree points
(Figure 10) If a receiving node can use the incoming planadeir
Nodes transfer information to pick one of its planar circles process the pacéechain of
> planar circles can link together into a straightelimovement
channel (Figure 10).

1 2 3 4 5
' ' ' Summary

‘ ‘ ‘ A grid architecture that links overlapping placarcles, plus a

transfer algorithm that maximally separates entit//eodes, can

Each node circle of neighbours overlaps the next (x; simulate straight lines in space. The processiag Htifferential of
gravity will later be argued to bend light by skewithis transfer.
Figure 10. A planar channel Distinguish thetransverse circleutside space (Figure 8) from

the planar circlesinside space (Figure 9). Both are discrete grid
circles, but the first processes existence in twvhile the second processes movement in space.

TIME AS PROCESSING

Does an extra dimension plus four dimensions ofejiiene give five dimensions in all? In this modéle
dimensions of time and existence are one and time,sso it has only four degrees of freedom, thoeesjpace
and one for existence in time. It supports the ldafawkin no-boundary theory that the big bang Ibegaen
one offour equivalent dimensionsomehow" became time while the other three becapaze [28]. That
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"somehow" is here proposed to be by becoming tirexsion that processes the cycles of existencetbate
our time.

Simulating time

Objective time should pass inevitably by its owriun@, not needing anything else, while simulatedeti
always depends on the processing, e.g. in John &osviLife” simulation
(Figure 11) pixels reproduce and die by prograresuso blobs grow and
contract until (often) a steady state is reathdebr a pixel entity within
the Life simulation, time is measured by the evehtt occur to it, i.e.
many events constitute (for it) a long time, whaldew events are a short
time. We measure time like this in our world, asnait clocks effectively
count atomic events.

Suppose a Life game that usually takes twenty ragwab reach a
certain state is run again on a faster computeraaches the same state in
only two seconds. Running the game again takegitassin our reality but
the passage of simulated time does not changeheasame number of
events occurred. A pixel avatar in the simulatiseging the same number
of events passing, will conclude the same amoutinad has passed. The

Figure 11. A Life simulation passage of time in a simulation doesn't depenth@passage of time in its
containing reality. Simulated time depends solely on the number of
processing cycles that occur

If a computer screen slows down due to processiagd,lan external observer sees it slow down, but an
onscreen avatar sees no difference, as they thesssalko slow down. So if our world is a simulateality, we
can't in principle see load effects, and indeedtirgstic changes in space-time are undetectabtbdqarties
affected. However if the screen processing isitisted, as proposed here, those affected can cenmodes, to
see that time differences really did occur.

For example in Einstein’s twin paradox, a twin #vthe universe in a rocket that accelerates #m tie
speed of light, and returns a year later to firglthibther an old man of eighty. Neither twin wasetheir time
ran differently and both still got their allocatadmber of life breaths. Yet one twin's life is dgatone while
the other's is just beginning. In particle acceataraxperiments time really does slow with speedhs paradox
is not fantasy.

In this model, grid nodes have a finite bandwidth, given another processing task, like movemesty th
process existence in time more slowly. As the rbtkén’'s rapid movement loaded the grid, it couldlyo
manage to process one year's worth of events fior He just sees a normal year of events pass layyane that
his time is dilated. In contrast, the grid proceggiis twin on earth has no such load, so eightysyef his life
events cycle by in the usual way. Only when the tevonite is it apparent that their time, whictpiscessing,
ran at different rates. Only in a simulated reatibyld this occur.

A specification to simulate a time like ours cobkt

1. SequentialTime creates a sequence of events.

2. Causal Time allows one event to cause another.

3. Unpredictable Time sequences are unpredictable.

4. Irreversible.Time can't go backwards, except for anti-matter.

The simulated time must be sequential, causal,agligtable and irreversible.

12 seehttp://abc.net.au/science/holo/lablife.htm
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Sequential

An objective world could digitize time as a sequen€existence states, as movie sequences of gictiices
run together seem life-like. Time passing wothidn be a finite sequence of objective states ek, as in
Zeno's idea of movement as a sequence of indi@gblect instants. The calculus of Leibniz and Newtould
then work because things really do vary in spaden® infinitesimals, i.e. one could replace a# telta time or
space values in physics equations with delta-seguesiue¥’.

Time as a discrete sequence of objective existetates leads Barbour to conclude, logically, tivaetis
itself timeless, being a “time capsule” of instasidbat like the pages of a book can be turned hadkorth [9]
p31l. Yet if past, present and future states ekigtlessly, is life then a movie already made? [fwby is the
system bothering to run it? Or as argued earlitg would read a timeless capsule of past, presehfudure?
Certainly not us, who are pictures on its pagegat Time is a sequence of objective states storadpermanent
database strikes two problems. First, the numbstatés of a universe of quantum interactionsrarererable.
Any simulation that stores its past in a stati@dase soon meets storage problems. Secondly, veludd tve the
point of storing evergluantum evenin a vast database? Even if we could view thisdré", it would be like
getting to know someone by reading the three billaiters of their DNA, or viewing World War |l asseries of
atomic events. That the system somehow sorts oat istimportant” to save is an equally intractaieblem,
as by the butterfly effect of chaos theory, a singioton could change all histdty

Causal

In contrast, this model has no static states tetdinelessly or otherwise, and uses no statiagtat all.
The only "permanent” record of the past is the dyiogresent. Hence, as our brains recall the past so the
"memory" of fossil rocks record®daywhat occurred when dinosaurs roamed the earthpafate. Equally,
our DNA reflects not just our ancestors, but thérerhuman race, if not all life on earth. In tleigolutionary
storage system, genes [29], memes [30] and noridisp@&rsist for thousands or millions of years bgith
generative power, while that which lives only ftaelf fades away. If what exists nasva record of the past, the
database that stores it is the present. The sydtmides what worth keeping in the record by itsodmg
choices.

In this model, the sequence that creates time isohatates, but of processing operations thag tike
statements of a computer program, set the valuesalstates. This processing gives causalitynaguantum
mechanics a state can...“evolve to a finite number of possible succedstes [32] pl. If time is a processing
sequence, not a state sequence:

“Past, present, and future are not properties ofr-fititnensional space-time but notions describing how
individual IGUSSs {information gathering and utiligj systems} process informatiof83] p101

However processing, like the formulae of quantuncimaeics, is entirely mechanical.
Unpredictable

Yet if the quantum world is a machine, inexorahiynding every option, it is a machine with:
“...roulettes for wheels and dice for geaf84] p87

Knowing everything physically knowable, physicisgnnot predict when a radio-active atom will emit a
photon. It israndom,i.e. indeterminate with respect to it's physicadtpalo story of preceding physical events
gives rise to it. So repeatedly querying a entifgiantum state, like its spin, gives an unpredietginysical
answer each time. ffee means unconstrained by the causal physical wand,if choicemeans taking one of

13 Replace eacHt or dx termin calculuswith a ds term, a small extent in a finite sequence of staow asds, the
number of intervening states, "tends to zero"iit kacome zero when there are no more intervenatgsst

14 A human eye can detect a single photon, and orsmpe&an change the world, so a photon could chéregevorld,
i.e. every photon is potentially "important". He@auld one know which one actually is?
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two or more options available, a random event isea choice.So while quantum mechanics describes a
machine, quantum collapse implies free choice, Wwitidurn implies information.

A choice that creates information, by definitiomsha “before” and “after” - before the choice thermere
many options, but after there is only the chosea dine link is not only causal, but also unpredilalf it is
predictable, there is just an inevitable sequewith, no choices. Before a choice, the outcome isldfjnition
unknown, as if it is already known, there is noichat all, i.e. zero information. That there i®oimation at all
requires choice, which quantum collapse providdss Tenies a "timeless" future set in place. Theldvo
machine can only be predicted probabilistically&aese the choices that produce it are uncertairh nnatile.
Time as a sequence of static states is causakédicfable, and as static information, needs adiagacontext.
Time as processing punctuated by interaction ckd&eausal and unpredictable, and as dynamicniretion, it
is context free. It allows neither past nor presbat only a Physics of Now[33], where each so-called static
state is just another choice

Irreversible

As the laws of classical physics are all reversibléime, physicists have never been clear why titeelf
can't run backwards. Time as sequence of stateforwards should also be able to run backwards.Skmee is
true for time as processing, unless it has aneénsble step. The collapse of the quantum wavetimimés a one-
way, irreversible step, so any event sequence icimgait, like any observation, is also irreversibBo by this
model, one can neither run time forward to propteesi predestined future nor run it backwards tdsitethe
past. Einstein's proof that our universe has nonscomtime does not make any time possible. That rpides
cycle at different rates lets time go slower ondasbut doesn't alter therocessingsequenceCausality and
unpredictability are preserved, as the followingapxes show:

1. Inthegrandfather paradox man travels back in time to Kill his grandfatter he could not be borne, so he
could not kill him. One can have causality or tlahack in time, but not both.

2. In themarmite paradox see forward in time that | will have marmite st for breakfast, but then choose
not to, so didn't rightly see forward in time. Quan have choice or predictability but not both.

Time as processing punctuated by random choiceeggential, causal, unpredictable and irreversitde,
does not allow time travel.

Anti-matter

That all matter processes time in the same dinedi@ reasonable condition for a stable spacenimpater
simulations [20]. Yet if time arises from the presig steps of a fixed transverse circle, thesaegahren't
irreversible, so a single entithetweeninteractions,could run its existence processing in reversea later
chapter, normal matter exists by clockwise procgsbut anti-matter uses anti-clockwise processngxist. In
Feynman diagrams, anti-matter enters events gaogweards in time. In this model, that is becausiists by
running the processing that creates our existancevierse. There is no absolute time, so whileraatier runs
our virtual time in reverse, it can no more undo tefactions than matter can. Anti-matter goes bac#tsvin
our time, not its time, so to an anti-matter entitg our time that runs backwardsTime as processing clarifies
that when anti-matter "runs time backwards" it jesists by running our processing sequence in posite
way.

This also explains Einstein’s statement that fohtli time itself stands still. If nodes “tick” fromne state to
the next,no time event can occur in less than a nogee Our time then is the number of processing cyales
grid node completes. If a photon moves at one peddick, it goes to the next node before an ewantoccur.

It never experiences a node cycle so time nevesegder it, i.e. its time stops.

15 The direction of processing of our matter wasbsethe first grid node that split in the big bafitiis was the original
"symmetry breaking". So there was no balance ofenand anti-matter that resolved in our favor.
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Summary

Time in our world isn't an objective flow carryirdi before it, though superficially it seems soaTht is a
processing output explains why it varies locallpa&e as an objective backdrop to fixed objects$ W our
world works either, though again superficially éesns so. Space as grid network transfer channais bgtter
explains how it "curves" and "stretches" under Idadthis model, space and time do not exist objelyt, but
are the by-products of grid processing:

. many of today’s leading physicists suspect tpats and time, although pervasive, may not be truly
fundamental.[19] p471.

Objective space and time are convenient conceptsrétnary life, but don't explain the extraordipavorld
of modern physics. Even today, when people firstr liginstein's theory that time and space are niddethey
suspect some sort of intellectual trick. Yet istrick. It is not ourperceptionsof time or space that change but
actual time and spac&s measured by instruments. What could possibliaexthis, other than that our time and
space are indeed simulated?

IMPLICATIONS
That space and time are simulated has implicafamghysics.
The big bubble

Astronomers see all the stars and galaxies recediay from us, so either we just happen to be ¢mére of
the universe (again), or the view is the same fallnvantage points. Yet how can space have itstfeén
everywhere? In cosmology, the big bang created a
T space that has been expanding ever since, but how
can a space "expand"? If the big bang exploded
from a singular point in an objective space, why
isn't the energy of this "explosion" at the edge of
the universe by now? Why is the cosmic
background radiation of the big bang, still
everywhere around us today, visible as static on
blank TV screens? The idea of objective space
poorly explains big bang cosmology.

Space as a hyper-sphere surface fits the facts,
as like a sphere surface it has no centre or edge.
Figure 12a. The Big Bang, 12b. The Big Bubble Travel in any direction, as on the earth's surface,

eventually returns one to the same place. Such a
space would also expand equally at every point,aandxplosion on its surface would first go “outien wrap
around to end up everywhere. Radiation from a ranakxplosion on earth would do this. So cosmic back
ground radiation is still here because it hasl@itthe universe, perhaps many times.

The term “Big Bang” places us on thatsideof a spherical expansion (Figure 12a), but thatweinsidean
expanding bubble (Figure 12b) allows answers tetipmes like:

What is space expanding intti?s expanding into a surrounding four dimensidmalk.
Where is space expanding¥erywhere - new grid nodes fill "gaps" that aeserywhere.
Where does the new space come frénun the bulk around the bubble.

Are we expanding tooR0, existing nodes are not affected when new nadesadded.

o A~ DN

Was the entire universe once at a point singulaniy. It began as a unit sphere not a unit point.
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6. Why didn’t the new universe immediately form a llaole? A big crunch contracting the current
universe would soon form a massive black hole, Bp aidn't the big bang immediately do the same? In
this model, it didn't because it didn't begin albace (see following).

The first event

Suppose, in the first event,_a singléd node somehow "split apart”, passing its pssiog to its neighbors,
and leaving a “hole” in the bulk, across whoseitimer surface it could “mové® No black hole would occur,
as the processing of one node can't overload adetlaround it, i.e. the event created more spacelitht. As
this "first light" divided over more grid nodes, the expansion of space, the electro-magnetic speansued
(see the next chapter). In the big banggrid node split to give the first light on the leygsurface of space

This initial “rip” then spread, like a tear in aetthed fabric, in a cataclysmic chain reactior thapected no
speed of light limit. It occurred at the node tfensate not its cycle rate Physicists extrapolating the universe's
expansion back in time find that it did indeedially expand faster than the speed of light, aqzbiGalled
inflation, but currently have no reason for it [35]. In thi@del,inflation waswhenthe grid itself was ripping

apart.
P —— Equally problematic is why inflation stopped? Supgpdhe
grid split apart in a classic exponential chairctiesm, while the
ol hyper-surface of space expanded as a cubic funcWmich
0 growth predominates? If the chain reaction doesrifhevon't
201 stop, but the expanding space can stop the ripdilsites waves
150 | on its surface by inserting points into their wavejth. Hence
o0 cosmic background radiation, white hot at the dafutime, is
T . . s s now cold.
b As Figure 13 shows, a cubic growth initially wingeo an

exponential one, but then is quickly overpoweredt the two
functions are not independent - the growth of spiiges the
light causing the chain reaction. Even so, thelutiem will be quick, and indeed by some cosmolegyimates
inflation was over in the first millionth of a sewb or less of creation. In So the expanding bulfblespace)
weakened the waves on its surface enough to seophtin reaction. The grid injury healed itselft the hyper-
bubble created continued to expand at light spsigtylating our universe on its inner surface.

Figure 13. Cubic vs. exponential growth.

In this modelall the free information of the universe arose froonmae only inflation chain reaction that will
not repeat [29]. Since then galaxies formed andespapanded, but never again did the grid itsplpart. So
the free information of the universe is constastsiace inflation no more has been added. Thidawbie illogic
of a "real" universe that meticulously conserveslitcoming into existence from "nothing”, as bang theory
implies. It predicts that the total informationair universe is, and since inflation always hasbeenstant.

So to the principle of dynamic information cons¢io, given earlier, is added: "except during itila". In
current theory, matter converting to energy impéegeeper conservation beyond matter or energyalkgthat
time and space trade-off with matter-energy impéieguintessence of processing. What now is condesvihe
grid, whether as the message of light or the unsgaium of space that delivers it.

The synchronization problem

In solving some problems, this model creates offsrs processing network must synchronize itsteas,
e.g. if a sending node transmits two “photon evémitisa receiving node completes only one receivatqrh

18| this model, the inner surface of the hyper-Beli® our space, and the processing moving is.light

" In this model, grid nodes normally transfer onee processing cycle, i.e. at the speed of lightthis case, each
transfer immediately splits the receiving host nagart, before it can process anything. The cheéction is faster than
any node processing cycle, i.e. faster than thedspélight.
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event, the second photon disappears. Dynamic irdtiom has no inherent reality, so what is not nexticeases
to exist. If computer simulations “lose” transfesgnulated objects vanish for no apparent reagorever. We
solve this problem in two ways:

1. Centralization Synchronize transfers by central control.
2. Buffers Allow asynchrony by giving each node a memoryfduf
Centralization

Central processing unit (CPU) chips illustrate tifamsfer synchrony problem. If a CPU issues a conthta
move data from memory into a register, how do&sdtw whenit is there? The CPU cycles much faster than the
rest of the computer, so must wait many cyclesaforthing else to happen. If it reads the regisierdoon, it
gets garbage left over from the past, but if itte/édo long it wastes its own processing cycles iCaheck if
the register data has arrived? Issuing another ordmeeds another register for the results, wiieh &lso

needs checking!

Our computers solve the problem by synchronizithgeeents to a
central clock, like a conductor keeping an orclzestrcommon time. The
chip just waits a fixed number alock cyclesthenassumeshe task
request is done, i.e. reads the register. Hences uws@ “over-clock” a
computer by increasing its clock speed from the ufaaturer's safety
default. This avoids asynchrony by making everyesyselement, fast or
slow, run at the same clock rate. A universe sitedldike this would run
at the speed of its most overloaded node.

Buffers

Figure 14. Transfer deadlock. Networks that centralize control are reliable blhws Modern

networks, like Ethernet, run faster by giving nodatonomy, e.g. on the Internet, each node ruts awn pace.
because if another node transmits when it is hitisyores the input in its buffer memory.

In computing, a buffer is the memory a fast devises to connect to a slower device, e.g. a comiatsr
device) sends data to a printer (slow device) Ipyiter buffer, so you continue working while thecdment
prints. So if an Internet node is busy, it holds itiput in a buffer until it can process it.

However buffers only work if one chooses their sizal location correctly. If they are too big, thegste
memory for no value, while if too small, they ovew so transfers must wait. This allows transfegddlock”,
where A waits for B, which waits for C, which is itiag for A (Figure 14). If our universe worked shivay, a
part of space could, like a screen dead spot, beaamusable forever. And while known Internet bacido
servers allocate bigger buffers, where galaxiekbeilin our space is unknown. A simulation of oniverse that
used static buffers would have serious problems.

Pass it forward

If centralization is too slow and buffers are urmagle, how can a dynamic, distributed grid handle
synchronization issues? If a node transfaits for a destination node to finish it's current eydhe speed of
light would vary for equivalent routes, which itetm't. The alternative is that transfeever wait,.e. apass-it-
forward protocol,when a node passes a processing cycle packet imtlgdio the next, which must receive it.
But what if sender and receiver nodes are asynohisshlf a node immediately accepts any new praogssnt
to it, what happens to its current processing? YWamtepting new packets on demand "lose" its exjsines?

Not if the receiving node also passes its procgssinto the next node, which can also do the sam so
on. This could create an infinite regress, exchpt space is expanding, i.e. adding new nodes. pasg-it-
forward ripple will stop if it meets a new node giface, that accepts the extra processing withcsginma
anything on. In this protocol, nothing on the geiker waits. Light always moves forward at one npeelocal
tick. There are no static buffers, as every papkssed on is accepted. The expansion of spacesawdicite
pass-it-on loops.
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The light that fills space then helps synchronigeder and receiver grid nodes, but the cost indrease in
the number of node transfers relative to node @®ing cycles. Where interactions are common, asmater
like the earth, the effect is minimal. However light traveling the vastness of space, these miadpestments
add up. The effect is that less processing ruas|ess energy. This links to the cosmology findimgt 73% of
the universe is an unknown “dark” energy, thatesrisomehow from the vastness of space (Ford, p2a4).if
dark energy arise from the asynchrony of spads,jitst an artifact of the system, not an actuétexce..

Empty space is full
In an objective reality empty space should be ernpgnergy, but in quantum theory:
“... space, which has so much energy, is full rathan €mpty.[36] p242.

In this view, empty space is the processing povedirid a black hole that just happens to be runaingll
cycle. Every grid node, whether running space ottenahas the same capacity. As an “idle” compstér
actively "decides" billions of times a second torahing, so the apparently empty points of spacetieir null
cycle (Figure 8a). If the grid never stops proaggsempty space is not empty [37]. Consider sonteece:

1. Virtual particles.In quantum theory, space itself creates virtuatiglas and anti-particles. They "borrow"
energy from the vacuum, exist briefly, then equalljckly disappear back into it. In tli&asimir effectfwo
flat plates in a vacuum placed close together éapee a force pushing them inwards. This “pressige”
attributed to virtual particles in the vacuum arduhe plates pushing inwards, which particles carge
between the plates when they are closer than waielength. Null processing can generate virtuatena
and anti-matter particles, because equal cycleppdsite rotation are also null.

2. Vacuum energyWhat physicists call the energy of the vacuumeari; quantum theory because a point
can't have a fixed energy, i.e. exactly zero eneltggan only average zero. A null processing cyefeequal
positive and negative values, likeweeragesero, but isn't a constant null value.

3. The medium of lightHow can light, that physically exists, vibrate awam that is “nothing”? If space itself
is the medium of something, then it cannot itselfiothing. A vacuum that transmits no physical enadt
energy may seem "nothing" to us, but if the potrtt transmit remains, it cannot actually be nuaghilf
space is the null processing that mediates lighptg space is like a screen that is blank but stilitched
on.

Does this imply an "ether"? A physical substanaengating all space would give a standard referémeee
to all movement, which relativity denies. The Mildmn—Morley experiment denied the idea qftgsicalether,
but the idea of aon-physicakther has never been contradicted:

“Since 1905 when Einstein first did away with thaihiferous aether, the idea that space is fille¢hwi
invisible substances has waged a vigorous comebddK p76

Indeed, even Einstein later concluded that withemine sort of ether, relativity was unthinkapgs].
Likewise, many in quantum theory propose a "nevegth

“The ether, the mythical substance that nineteeaititucy scientists believed filled the void, is alitg,
according to quantum field thedr{39] p370.

In this model, the "medium" of the physical univers the grid that processes it.
A perfect transmitter

When we view empty space we see nothing, just emgdi This could mean nothing is there, as obgctiv
reality supposes, or that a processing host pérfeeinsmits all light and matter, as proposed hévben one
looks out of a transparent window, the glass tratsshight from what is behind it. One sees the ragssthe
light transmits, but not the glass medium sendin@ine only knows the glass is there if it has irfgiions, by
its frame surround, or by touching it.
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Now imagine a world filled by a perfect transmitteith no imperfections so it can't be seen, thaalis
around us, so it has no boundary, and that eversrtrids matter, so it doesn't repel touch. If plysie
processing, this is not impossible. If such a medilied every direction, one couldn't see aroundf it passed
on all light perfectly, it would itself be unseefnd if we moved into it, it would just pass on tmatter of our
bodies on as it does light. It would be likeparfect diamondcompletely filling all space, continuously and
flawlessly reflecting the images of physical realitithin it.

CONCLUSIONS

Over a century ago, relativity and quantum theef/the safe haven of traditional physics for acaptual
wilderness of existence waves, quantum uncertaimgjher dimensions and malleable space-time. Tam@y
produced amazing mathematical tools, but today dorehtal physics wanders a semantic desert, fillidd w
mathematical thorns. The advance of string thgmayched of empirical data, has ground to a haltaMbegan
as a theory of everything has become a theory tfimgp going nowhere [3]. Some say it speculatedféo, but
here it didn't go far enough. It could not see phstconceptual mountain range of objective realityt the
"gaps" are there for all to see:

1. Quantum randomness independent of the physical world, so perhafois outside it.
Complex rotationgxplain light, so perhaps photons do rotate iim@aginary dimension.
Kaluza'sextra dimension unites relativity and Maxwell'suatjons, so perhaps it exists.
Quantum waveare probabilities, so perhaps the universe thegiymr® is numbers too
Planck limitson space and time suggest a discrete world, $@peiit is.
Calculusassumes infinitesimals approximate reality, stv@es they do.

The uncertainty principldenies fixed objective properties, so perhaps tage't any.

Feynman’ssum over histories assumes quantum particles taly path, so perhaps they do.

© © N o 0 bk WD

Special relativitylets time dilate, so perhaps it is processing sigvdown.

10. General relativitylets space bend, so perhaps it is a transfer affdnt a load differential.
11. Cosmic background radiatias still all around us, so perhaps space is a hypdace.
One is reminded of the duck principle:

If it looks like a duck and quacks like a duckntitds a duck.

Why not take the equations of quantum theory atativéy as literally true? We use them to preds, why
deny what they imply? If the world looks like a silation, by what scripture of science is it notzThader can
decide (Table 1) if our space or time contextssarailated or objective

If they are, then instead tiingswe havechoices,in aworld where one can take but not hold, use but not
keep and arrive but not permanently stay. If th& @f choice never stops, there are no ideal Utofad states
- only the journey exists. Now there are no "stagtsll, just a here and now choice, that one oahymossess"”
but only make. In a dynamic processing world, themnly theever-present here and eternal now

Table 1. Virtual and physical properties for spacel time

Virtual Property Physical Property
Processing fluxA processing simulation: World flux. The physical world:
a) Continuously makes choices a) Is always and everywhere a changing flux
b) Conserves dynamic information b) Has many partial conservation laws
Pixels.In a simulation: QuantizationlIn our world:
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a) Nothing is continuous

b) Space arises from discrete grid nodes
c) Time arises from discrete processing cyclé
d) Direction arises from discrete connections

a) Continuity creates paradoxes and infinities
b) Space is quantized at Planck length
bsc) Time is quantized at Planck time

d) Direction is quantized? (Planck angle)

Null processingNull processing:

a) Produces no output

b) Is continuously actively running

¢) Equates to equal and opposite cycles
d) Can host other processing

Empty spaceEmpty space:

a) Looks like nothing

b) Has vacuum energy

¢) Spawns virtual particles

d) Is the medium of light and matter

Distributed processingillows:

a) A system to scale up well

b) Each node to paint its own connections
¢) Each node to cycle at its own rate

d) A finite processing capacity for each node

Localization.Local space is consistent:

a) The laws of physics are universal

b) Each point has its own space (relativity)
¢) Each point has its own time (relativity)

d) Finite space can only hold finite informatio

ScreenAn expanding hyper-sphere surface:
a) Has three dimensions

b) Has no centre or edge

¢) Spreads entitiesn it equally apart

d) An explosion on it ends up everywhere
e) Keeps vibrations on its surface

SpaceOur expanding space:

a) Has three dimensions

b) Has no centre or edge

¢) Is moving all the galaxies equally apart
d) Cosmic background radiation is everywher
e) Limits entities to move within it

D

ChannelsGrid node transfers:

a) Can simulate straight lines (geodesics)
b) Can change with load differentials

Directions.Objects naturally move in:
a) Straight lines (geodesics)
b) Geodesics are affected by gravity

Time is processing/irtual time:

a) Is measured by processing events

b) Slows down with processing load

c) Is a discrete sequence of choices

d) Is one-way if a choice is irreversible

e) Can run in reverse for an isolated entity

Time is relativeOur time:

a) Is measured by atomic events

b) Dilates for high speed or by a large mass
¢) Is simulated by movie state sequences

d) Quantum collapse is an irreversible choice
e) Anti-matter runs time in reverse

The big bubbleln the initial "rip":

a) One node split gives a sphere not a point
b) The chain reaction splits other nodes

¢) Is a one-time creation of free information

The big bangThe initial "bang":

a) Didn't give a massive black hole

b) The initial inflation was faster than light
¢) The universe's information is constant

d) Expands to dilute the waves on it

d) Cosmic background radiation is now cold

The following discussion questions highlight sonighe issues covered. As no-one really knows, tiaeee

no absolute right or wrong answers. The aim
1. If the physical world is a simulation, what

If the physical world is an image, what is i

a > wbn

Is space something or nothing?

ISSUES

istiustimulate discussion:
is eage and what is the screen?

ts lesion and refresh rate?

Why can't the ongoing flux of our world ever stop?

Could an extra dimension wrap around our space?
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[3]
[4]
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[6]

[7]

[8]
[9]
[10]

[11]
[12]
[13]
[14]

[15]

[16]

Would a network simulating our universe be cerzeaior distributed?
How is a hyper-sphere surface like our space?
If movement is a grid transfer, what are "straigigs" in network terms?

If our time is virtual, how can we know if it slovd®wn?

. If time is a sequence of choices, can we redolibces backwards, i.e. roll-back time?
. How can time "flow backwards" for anti-matter?

. How can space itself expand?

. If space is expanding, what is it expanding into?

. Why didn't the big bang immediately form a blacket®o

. Why is cosmic background radiation from the inigaknt still all around us?

. If the total information of the universe is condtdrow did it first arise?

. How can a distributed network with no memory bugfsolve synchronization problems?
. If empty space is full, what fills it?
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