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State Space Locality (SSL) is an attempt to derive emergent approximate 3D spacial relationships
between nodes and clusters of nodes in a graph network.

The Newtonian approach was to thinking of space as a background stage upon which the things in that
space can move and interact with each other according to Newton's laws of physics in an absolute an
universal time. Einstein monumentally advanced our ideas of space and time by merging these con-
cepts into a fabric of spacetime which morph and bend in the presence of mass energy. Einstein's
relativity extended the 3D coordinates of space into 4D hyperbolic spacetime coordinates with the
invariant signature of x*2 +y"2 +z72 - (ct)*2 (+++-). The hyperbolic invariant relationship is one of the
properties of space that will need to emerge from the SSL approach. Other characteristic features of
space that must also emerge include:

m Affine
m |sotropic

m Spinor rotations

Hyperbolic Invariant

Plank Scale Natural Units

A successful SSL model is expected to exhibit the above as emergent characteristics of what we think of
as space and time.

SSL has several features similar to hyper - graph networks in the Wolfram Physics Project and is why it
this has been written as a Wolfram Notebook. The Wolfram Physics model has already found several of
these properties as emergent characteristics, however does take a slightly different approach from SSL.

NOTE: This Notebook will load a few resources and defined some functions. Scroll down to Getting
Started to begin reading about SSL.

Loading Notebook Resources

This notebook was developed on a Debian Linux system. You may need to adjust the ConigureMatex
cell for your system.


https://en.wikipedia.org/wiki/Affine_space
https://en.wikipedia.org/wiki/Isotropy
https://en.wikipedia.org/wiki/Spinor
https://en.wikipedia.org/wiki/Special_relativity#4D_spacetime
https://en.wikipedia.org/wiki/Planck_units
https://wolframphysics.org/
http://szhorvat.net/pelican/latex-typesetting-in-mathematica.html
https://github.com/szhorvat/MaTeX
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NOTE : You may need to also install pdfLaTex for you computer to render MaTeX equations.
* http://szhorvat.net/pelican/latex-typesetting-in-mathematica.html
* https://github.com/szhorvat/MaTeX

«ws- Debian pdflatex install
ouss- Debian install pdflatex

The following should work on Debian, Ubuntu, Linuxmint, and Raspbian distributions .

apt install texlive-science texlive-fonts-extra texlive-extra-utils texlive-latex-extra

texlive-latex-recommended
nesel- ResourceFunction ["MaTeXInstall "][]

" Name: MaTeX ]
Version : 1.7.8

oupss-  PacletObject [ MA

nes7-  MaTeXInstall (]
outes7-  MaTeXInstall (]
nese- Needs["MaTeX™ "]

neaor- ConfigureMaTeX ["pdfLaTeX" - "/usr/bin/pdflatex ", "Ghostscript" - "/usr/bin/gs"]

oueae-  {CacheSize -» 100, WorkingDirectory - Automatic,

pdfLaTeX - /usr/bin/pdflatex , Ghostscript - /usr/bin/gs}

Proximity Function Definitions

neso)- proxforward[g_, a_, b_] := Sum[g[[a, ill*g[[i, b]l, {i, 1, Dimensions [g][[1]]}]

Sum[ gl[i, all = gllb, ill, {i, 1, Dimensions[g]l[1]]}]

nesi-  proxreverselg_, a_, b_] :

nes2i-  proxinner[g_, a_, b_] := Sum[g[[a, ill=*gllb, i]1, {i, 1, Dimensions [g][[1]]}]

ness)- proxouter[g_, a_, b_] := Sum[g[[i, all*g[li, b]l, {i, 1, Dimensions [g][[1]]}]

Data

Number graph network nodes (n)

nesg= N = 20

outiesal- 20


http://szhorvat.net/pelican/latex-typesetting-in-mathematica.html
https://github.com/szhorvat/MaTeX
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Number of points on a sphere (p)

ness- P = 400
ouifessl- 400

nese-  sphereshell = SpherePoints [p];

Getting started

Orientation

Before we dive into SSL it might help to navigate a few different perspectives regarding space and time.

Coordinate Spacetime Perspective

The coordinate perspective represents point in a continuous 3 dimensional space with 3 mutually
exclusive space coordinates (x,y,z) where distances (D) are measured with a Pythagorean relationship.

nes7-  Show [MaTeX ("D_3=\\sqrt{xA2+yA2+zA2}"), ImageSize —» Small]

out[657]= D3 — \/x2 _|_ y2 _|_ 22

A 3D coordinate representation of points on the surface of a sphere.
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In[702]:=

Out[702]=

In[659]:=

out[659)=

Graphics3D [Point[sphereshell]]

20
20 :

In relativity time is added as 4th dimension but on in the complex plane. Leaving a hyperbolic invariant

measure of distance in spacetime.
Show [MaTeX ("D_4A2=xA2+yA2+zA2—(ct)A2=xA2+yA2+2/2+i\\cdot (ct)A2"), ImageSize » Medium ]

D=2+ 4+ 22— () =2+ > + 22 +i- (ct)?

The coordinate representation of space depends on having a designated origin point, and designated
unit vector to establish baseline orientations in isotropic space in what is know as a rest frame. Equa-
tions of special relativity can be used to transform coordinates from one rest frame to another, thus
there is no one preferred or universal rest frame. Which is kind of the main point of relativity. Measures
of spacial and temporal distances are relative to given rest frame and differ when measured from a
different rest frame that is moving, or under the influence of a gravitational field. In general relativity
the Pythagorean theorem is generalized by a distance metric that defines shortest distance measures

between points through curved spacetime.

Distance Relationships Perspective

Rather than representing the spacial relationships of each point in coordinate space we can translate

the Pythagorean distance between each point into a distancematrix. And plot that matrix to graphi -
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cally and as a histogram to show the distribution of distances between all points in our sphere example.

meeso)- distancematrix = Table[Sqrt[(sphereshell [[j1I[[1]] - sphereshell [[i]I[[11]) "2 +
(sphereshell [[j1][[2]] - sphereshell [[1]][[2]])* 2 +
(sphereshell [[JII[[3]] - sphereshell [[{1I[[31)* 2], {i, P}, {j, P}

{{e., ©.260557 , ©.213377 , 0.167762 , 0.353608 , 0.16496, 0.325774 ,
©.362235, 0.197868 , 0.436499 , 0.306653 , 0.33621, 0.473581, (
1.95292, 1.9588, 1.98533, 1.95071, 1.98351, 1.97728, 1.96491, 1.99559,
1.97238, 1.9858, 1.99481, 1.98051, 1.9987}, © ., {0 1}

Out[660}=

large output show less show more show all set size limit...

nesi- MatrixPlot [distancematrix ]

1 100 200 300 400
1 1 1 1 I

out661]=

1 100 200 300 400
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neszi- Histogram[Flatten[distancematrix]]

15000

10 000 -

out[662)=

5000

0.5 1.0 1.5 2.0

The histogram shows that there is an approximate linear distribution of distances between points
distributed evenly over the surface of a sphere. While perhaps less intuitive we can represent 3D space

with a matrix of distances between objects in that space.
Multilateration
Multilateration is the process of converting a bunch of known distances between objects back into 3D

coordinates. This is the reverse of converting known coordinates into distance distributions, and is the

basis behind computing global coordinate position in GPS systems.

Proximity Relationships Perspective

Inverse square distances relationships are understood in terms of conserved amount of flux flowing
through the surface of a sphere. A surface that grows as the square of the distance from the center.

This can be easily seen in Newton's Law of Gravity, and from Coulomb's Law of force between charges.


https://en.wikipedia.org/wiki/Multilateration
https://en.wikipedia.org/wiki/Inverse-square_law
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In[663]:=

Out[663]=

However we can also think of the inverse of the inverse square distance (D) as proximity (P).

ness-  Show [MaTeX ("P = \\frac{1}{D_3}"), ImageSize — Tiny]

1
Out[664]= _P —_
Dy

We can understand that in 3D space, those things which are separated by smaller distances, are closer
or more proximate to each other. And the more proximate things are the greater the probability those
things will interact. Things that are closer will interact more frequently than things farther apart . And
increased frequency of interaction can be interpreted as a stronger force interaction.

Interpreting inverse square relationships as an increased probability of interaction due to proximity,
rather than flux density diminishing over distance changes 2 things about how we think about forces.
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m Forces are probabilistic and thus quantum in nature. Including gravity.

m Strength of force is related to probability of interaction which can be thought of in terms of
connectedness in a graph network.

A Simple Random Graph Example

A n node (vertex) directed graph with randomly assigned connections (edges) visualized as:
m Matrix Form of the Graph Adjacency Matrix

m Matrix Plot of the Graph Adjacency Matrix

m 2D Plot of the Graph Network

m 3D Plot of the Graph Network

nees-  graphnetwork = Table[RandomInteger [], n, n];

Adjacency Matrix

ness-  MatrixForm[graphnetwork ]

Out[666]//MatrixForm=

1

RO ®O®OHREROORRELEORRELEOO O
© O H O HHOKHKOKROOHFOOHOO H
© © O O HOHHKHOOKROOOKRHKHOO ® O
HHO®HOHOOO®OHOOKR OO O HO K
©®O O HHOHHKHOKROKRRELOOOR OO B O
HH®OHOHHKHOKO®OOREREROROOHRHHKHHRKH

OO O HOH O®OHHOOKE HEFOOOOHK K
O O r oo rHrKHKFHRFHFRFHFHRFEFRFRREFORKRIREKEOO
O H HF OO OOOHFEF OKFHF OO OHKH O HFHKF O
(ol SN o B oo olNo Mol oMol oMo ol Il N S ClCcaclN
O H OO KH HFOHF OOOOH O FH K OKKF O
O HHFHFH,FOHHMFEHFOOOOHKH HKEOORKRHKH O
O Hr O HF OO0 OHHFHF OKFHF OO O O K H
P O HrrFHFOKFFRHOHFHFRFOKFKEFEFRKERERFEREKFH
O Hr O HHHFHOHFOKF OKFK HFHFOKFHPKEEORO
HF O OO0 HF OO0k HFKFEKHFEHFKEFRFERRKEREREREHPR
P P O®OOH HOHOOHHKEKHFHRKERERRKEREOOHRH
O H OO0 0O OO OH OHKF OOOKHK R HRFE H
©O 0O Hr P OO O HOHFHKHEFEFEFORF O O K
P OO0 00O O HKFEF OKF OO HFH O O HF K H



https://en.wikipedia.org/wiki/Graph_theory#Directed_graph
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nes7-  MatrixPlot [graphnetwork , ColorFunction - "Monochrome "]

1 5 10 15 20
] 1 ] ]

Out[667]=

neesi- SgO = AdjacencyGraph [graphnetwork , VertexLabels - "Name']
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ness-  Graph3D[sg0]

out[669)=

Proximity of Nodes in a Directed Graph Network

In a graph with N nodes, the proximity between two nodes (A and B) is defined as the number of

nodes (i) that A is connected to that B is also connected to.

However in a directed graph there are 4 possible definitions for proximity . 2 directions per 2 node =4

combinations of how to measure connectivity.
m Forward Proximity A->i->B
m Reverse Proximity A<-i<-B
m Inner Proximity A->i<-B

m Quter Proximity A<-i->B

Forward Proximity and Distance Matrices

ne7o-  Show [MaTeX ("ProxForward _ {a,b}= \\sum_{i=1}A{N}{C_{a,i} \\cdot C_{i,b}}"), ImageSize » Medium ]

N
v ProxForward,, = E Cai-Cip

1=1

proxforwardmatrix = Table[proxforward [graphnetwork , i, jl,
{i, Dimensions [graphnetwork ]J[[1]]}, {j, Dimensions [graphnetwork ][[1]]}] ;

In671]:=
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MatrixForm[proxforwardmatrix ]

In[672]:

Out[672]//MatrixForm:

6 96 74585 9 7 9 63 9 65¢635°¢6 8
45443555 7 6 8 33 8 65267177

6 554466¢6 8 7 9 42 8 65252838

59551365 9 6 8 63 6 2552%6343:5

58552656119 8 46 7 36257753¢6

38563554 8 7 8 35 8 44525056
58653266 95 8 525 2615245375
4 73 33365 9 51063 7 4446756
7857359711810 53 9 7748729
56540345 8 6 4 43 3 235445
46 521553 45 7 31 4 5433435
75572577 97T 7 417 6735729

57442356105 7 64 6 1657525 ¢6

53251233 6 4 4 21 4 22233324
6 6 343356 95 8 53 6 5458%676 8

36331233 7 3 4 44 4 035334
6 7262284 8 5 9 61 8 5452%6 36

6 5541245 6 4 5 20 2 3433255

4 83 6 4773 9 7 9 5510554647
25341254 45 5 215 43322435

MatrixPlot [proxforwardmatrix ]

In[673]:

Out[673]
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ne74- Histogram[Flatten[proxforwardmatrix 1]

100 -

Out[674]=

0 2 4 6 8 10

ne7si-  distforwardmatrix = Table[l/proxforwardmatrix [[111[[]1],
{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ]J[[1]]}] ;

1

«=« Power : Infinite expression — encountered
0
1

«== Power : Infinite expression — encountered
0
1

.=« Power : Infinite expression — encountered
0

«=« General : Further output of Power ::infy will be suppressed during this calculation

neze- MatrixPlot [distforwardmatrix ]

1 5 10 15 20
I I I I I

Out[676]=
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Histogram[Flatten[distforwardmatrix ]]

n[677]:=

100 -

Out[677]

1.0

0.8

0.6

0.4

0.2

Reverse Proximity Matrix

Wsum_{i=1}A{N}{C_{i,a} \\cdot C_{b,i}}"), ImageSize » Medium ]

Show [MaTeX ("ProxReverse_ {a,b}

I[678]:=

out[678]= PTO{ER@’UGTSBG’[) — E C’];’a ) Cb,’&

1

1

proxreversematrix = Table[proxreverse [graphnetwork , i, jl,

In[679]:=

{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ]J[[1]]}];

MatrixForm[proxreversematrix ]

In[680]:=

Out[680]/MatrixForm=

7 547 5 56 366 4 2
8 6 65 7 36675 8 5

6 465 5 35 4

9559 8 88 7

6 455 5 56 3

5 555 4 23325 3 3
7 427 4 54364 6 4

7445 5 65 3

13121 4 1
5 355 3 23222 7 2

3 612 2

4 341 2 33 3

556 3 6 52 3
8 56 6 5 56 6
5565 6 46 5

9 457 5 35384 7 5

7 537 6 36 3 45 3 4

9 78 911 8 9 9 11 8 4 9 10 6 9 7 8 6 9 4

8 6 57 5 45354 7 5

9898 8 8810 10 4 77 7 48 495 9 5

76 76 9 75 5

5 434 6 25462 5 2
3 311 4 13410 5

6 346 4 35 6

1

3323 6 52 3

9 347 6 46 48210 5
7 256 1 25053 5 4
7T 347 6 243 44 5 3
4 533 5 25553 4 3
8 435 5 36363 6 2

9 88 6 7 85 7

6 6 6 2 3 42 4
5555 6 46 4
6 225 5 55 4
56 56 7 54 6

6 784 5 55 5

7 447 5 36335 4 4
9 559 6 48465 7 5

8 785 6 65 6
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In[681]:=

Out[681]=

In[682]:=

Out[682]=

In[683]:=

MatrixPlot [proxreversematrix ]

1 5 10 15 20

100

0 2 4 6 8 10

distreversematrix = Table[l/proxreversematrix [[111[[j1],

{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ]J[[1]]}] ;

1

Power : Infinite expression — encountered
0
1

Power : Infinite expression — encountered
0
1

Power : Infinite expression — encountered
0

General : Further output of Power ::infy will be suppressed during this calculation .
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nessa- MatrixPlot [distreversematrix ]

1 5 10 15 20
1 1 1 1 1

Out[684]=

nessi- Histogram[Flatten[distreversematrix 1]

100
80
60
Out[685]=

40

20

0.6 0.8 1.0

Inner Proximity Matrix

nessl-  Show[MaTeX ("ProxInner_ {a,b}= \\sum_{i=1}A{N}{C_{a,i} \\cdot C_{b,i}}"), ImageSize -» Medium ]

N
v ProxInner,, = E Coi* Chi

1=1
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proxinnermatrix = Table[proxinner [graphnetwork , i, jl,

In[687]:

{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ][[1]]}];

MatrixForm[proxinnermatrix ]

In[688]:

Out[688]//MatrixForm:

5 3 7 4 7 4 8 6
4 2 5 3 5 3 7 4

4 4 7 2 5 5 7 5

9 6 5 7
9 35 7

13

7 10 8 5
8 11 5

8

9 45 7

6

7 3 6 5 6 5 6 4
7 4 6 5 4 5 7 4

6 3 5 6 5 2 7 5

9 75 6
9 7 4 6
7 55 4
7 6 3 5

6
6

5 10 7

6

6
5

7T 12 7

6

11

7 3 6 4 5 5 4 4

7 3 9 4 7 3 7 5

6

7 11 8 4 5 4

7

8 14 6 6 10 6 5 8 3 8 6 9 6

4

6 4 5 5 3 5 2 3

6 9 3 5

31 4 2 4 3 5 3

6 3 8 4
4 10 5 4 11 5 4 5 2 6 5 6 4

5

4

6 6 3 5 106 3 6 7 5 3 4 3

7

3 6 4 2 4 4 2 2

5 41 4

6 4 11 4 6 5 6 4

8 54 5

7T 2 4 7T 3 2 3 2
5 4 6 3 10 3 6 4

3 45 2 3 7 2 2

3 52 2

4

8 3 4 6
6 53 5

4 2 6 3 6 2 12 5
3 2 4 2 4 2 57

9 25 6
6 3 3 4

MatrixPlot [proxinnermatrix ]

In[689]:

Out[689]



neo)- Histogram[Flatten[proxinnermatrix ]]

Out[690}=

2 4 6 8 10 12 14

neet- distinnermatrix = Table[l/proxinnermatrix [[111[[j1],

{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ]J[[1]]}] ;

neoz-  MatrixPlot [distinnermatrix ]

1 5 10 15 20
I I I I I

Out[692]=

StateSpaceLocality.nb | 17
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nees- Histogram[Flatten[distinnermatrix ]]

100 -

80 -
60 -

0ut[693]=
40 -
20 -

1 1 1 1 1 1 1 1 1 1 —

0.2 0.4 0.6 0.8 1.0

Outer Proximity Matrix

neos-  Show [MaTeX ("ProxOuter_ {a,b}= \\sum_{i=1}*{N}{C_{i,a} \\cdot C_{i,b}}"), ImageSize » Medium ]

N
Out[694]= PTOZCOUt@T'a,b — § Oi,a ' Cl,b
1=1

ness-  proxoutermatrix = Table[proxouter [graphnetwork , i, jl,

{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ][[1]]}];
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MatrixForm[proxoutermatrix ]

In[696]:

Out[696]//MatrixForm:

7 51 6 554 5 5 8
1060 74 8 467 6 4 6

6

16 7 4 6 25 7 5 8

7 13 6 7 25 8 4 10 7

6 21 3 364 1 6 5

5
7
3
8
6
7

6 8 4 2 4 4 5 6

4
6
2
5
7
5

6 42 8 454 5 4 6
4 22 5 231 3 3 3

7 4 10 3 4 6 5 8

2 2 3 53 3 3 4
5 4 4 39 4 3 6

6 34 7 442 4 4 6
8 51 7 655 5 4 8
6 315 463 5 7 7

8 4 6 3 4 11 5 8
4 5 5 33 5 9 7

8 10 6 8 46 8 7 16 8 11 8 6 10 4 8 7 8 7 9

6

7 5 7 38 6 7T 8 12 8 44 9 554 7 5 7

14 6 3 16 6 7 5 7 7 8

8
4
4

7 10 6 6 4 6 8 6 11

6 93 7 244 6 2 3
3 36 5 023 4 1 2

7 2 4 23 5 3 8
4 1 2 24 1 1 6

5
1
6
5
5
4
5
5
8

8 38 57 7 516 9 106 75 13 56 4 8 5 7

4 3 4 24 6 4 4
6 6 5 34 5 6 8

7 4 4 12 5 3 7

6 20 5 832 4 5 7
7 42 6 394 3 6 6
5 43 4 248 2 2 5

5
5
4
7
5
7

7 6 4 8 4 3 2 10 3 4
7 21 5 562 3 9 8

6 1 5 34 5 5 8
4 6 4 34 4 7 7
6 5 6 36 8 7 9

8 32 7 7T 65 4 8 12

MatrixPlot [proxoutermatrix ]

In[697]:

10 -

Out[697]

15 -

20
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neosi- Histogram[Flatten[proxoutermatrix ]]
70
60
50
40

out[698]=
30

20

10

0 5 10 15

nessr-  distoutermatrix = Table[l/proxoutermatrix [[111[[j1],

{i, Dimensions [graphnetwork ][[1]]}, {j, Dimensions [graphnetwork ]J[[1]]}] ;

1

«=« Power : Infinite expression — encountered
0
1

«=« Power : Infinite expression — encountered
0

nzoo-  MatrixPlot [distoutermatrix ]

1 5 10 15 20
1 1 1 1 1

Out[700}=




In[701]:=

out[701}=

Histogram[Flatten[distoutermatrix ]]

100

80

60

40

20
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L

0.2

0.4
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