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Config

programlocation = FileNameJoin[{NotebookDirectory[], "Linux", "randgeom"}]

home / timothy /Documents / web /homepage / randgeom / Linux / randgeom

FileExistsQ [programlocation] && ListQ [RunThrough["'" <> programlocation <> "'", ""]]

True

Useful functions

generateMaps [ type , size , number ] 1= RunThrough ["'" <> programlocation <> "' —t" <> fype <> " -s" <> ToString[size] <> " -n" <> ToString [rnumber ], ""];
generateMap [ type , size ] i« First @ generateMaps [ type , size, 113

eyeles[p ] 1= PermutationCyeles [p , Identity];

orbits [plisc ] 1= GroupOrbits @ PermutationGroup [Per mutntion(y(les /@ plist)

edgecycles [map ] = cycles [map [[ALL, 311];

faceeyeles [map ] 1= eyeles [map [[AL1, 1]]];

vertexcycles [map ] i» cycles [map [[map [[ALL, 3]], 1111}

halfedgeToVertexId[map | 1= Dispateh([Join ee MapIndexed [#! - w2 [[1]] &, vertexeyeles[map ], {2}]1];
halfedgeToFaceld [map ] := Dispateh[Join @@ MapIndexed[«] - «7 [[1]] &, facecycles[map ], {2111}

uniqueEdges [map ] t= Union [Sort /@ (edgecycles[map ] /. halfedgeToVertexId[mop 1) 1;
unigquebualEdges [map ) 1= Unfen[Sort /@ (edgecyecles[map ] /. halfedgeToFaceId[map])];
mapGraph [map ] := With[{edges = uniqueEdges [map ]}, Graph [Union @@ edges, = [[1]] = = [[2]] & /@ edges, GraphLayout - None]];

mapDualGraph [map ] 1= With[{edges = unigueDualEdges [map ]}, Graph [Union ee « s #[[1]) = #[[2]]) & /@ edges, GraphLayout - Nona]];

Plotting
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31113
Taceeyeles [map ] Iz eyeles [map [[ALL, 1]]1];

edgecycles [map ] = cycles [map [[ALL,

vertexcycles [map ] = cycles [map [[=ap [[ALL, 3]], 1]1];

« Wo ma TNl 4" L: thi artice f P B i1 L the i itio: i artax Lé W .
halfedgeToVertexId[map | = Dispatch([Join o MapIndexed [#) = w2 [[1]] &, vertexeyeles [map], (2}]1]:
halfedgeToFaceId [mapz ] := Dispatch[Join @@ MapIndexed[s] <« =7 [[1]] &, facecycles[map ], {2}]];

= Unfon[Sort /& {edgecycles[map] /. halfedgeToVertexId [=ap])];
uniguebualEdges [ 4y ] 1= Unien[Sort /@ (edgecyeles [mip] /. halfedgeToFaceld [maz1)]:

uniqueEdges [

mapGraph [map_] = With[{edges = uniqueEdges [map ]}, Graph[Union @@ edges, = [[1]] = = [[2]] & /@ edges, GraphLayout = Nene]];
mapDualGraph [map ] 1= With[{edges = uniqueDualEdges [=ap ]}, Graph [Union @ edges | o [[1]] — # [[2]] & /@ edges | GraphLayout - Nona]];

Plotting

get20GraphEmbedding [ edg , method ] iw (VertexCoordinateRules /. Cases[GraphFlot3D([«= [[1]] = = [[2]] & /@

» Method = =o 7], _Rule, Infinity])[[Ordering @ DeleteDuplicates [Join &@ (List es® ~7g)]]1];

coordinates [=ap ] :=- getaDGraphEmbedding [uniqueEdges [=ap ], ("SpringElectricalEmbedding™, "InferentialDistance” = Autematic, "RepulsiveForcePower™ < -2.411;

« a=sigr cole to faces weord g tc 1 Lenes centrali .
colorFunction [ ] := ColorData["Rainkow™] [Rournd [Max [Min[0.53 - 0.15 ~, 1], 0], 1/40]];
centralityColors [map ] 1= colorFunetion /@ Standardize @ ClosenessCentrality [mapDualGraph [map]]:

plotMapld [mag , coor ] 1=
Graphics30 [ (EdgeForm [None], {FaceForm[= [[1]]], Polygon(ceor [[= (12, 55 311111, If (Length[= [[2]1]] = 4, Polygon[reor [[= [[2, (1, 3, 4)11111, ()11 & /e

Transpose [{contralityfolors [map |, facecyeles [map ] /- halfedgeToVertexId [map )]}, Boxed - False]

map = generateMap ["C", 5ea); ]l
plotMap30 [map, coordinates [map]]
. b v [ f y T e ha y k qual y « 11ff . « b eer ¢ 1q -
-« Tamk fuce " < T pie e ] ’ b ke i ‘ ) p@Raste j Imags Rach nd <«Nore .

Geodesic two-point function

distancelistFromRandemPeint [ gragh ] 1= GraphDistance [ graph , RandomChoice @ VertexList[ graph]];

example-analysi...
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halfedgeToVertexId[map ] := Dispatch([Join @@ MapIndexed [=] = =7 [[1]] &, vertexcycles[map ], (2}]1]; (]
halfedgeToFaceld [map | != Dispateh[Join @@ MapIndexed [#l - w2 [[1]] &, facecyeles [map ], (2}]];

« Tunctior onstruct a Mathematica oh object s
unigqueEdges [map ) I= Undon [Sort /@ [edgecyecles [map ] /. halfedgeToVertexId [map])];

uniqueDualEdges [map ] := Union[Sort /@ (edgecycles[map ] /. halfedgeToFaceld[map 1)1

mapGraph [map ] 1= With[{edges = unigueEdges [map ]}, Graph[Union ee edges, » [[1]] — # [[2]] & /@ edges, GraphLayout + Nene]];

s » uniqueDualEdges [ map 1}, Graph[Union @@ edges, = [[1]] = = [[2]] & /@ edges, GraphLayout - None]];

mapDualGraph [map ] = With[(edg

Plotting

get3DGraphEmbedding [ edy , method ] 1z (VertexCoordinateRules /. Cases [GraphPlot3D([w [[1]] = » [[2]] & /@ edg , Methed + method ], _Rule, Infinity))[[Ordering @ DeleteDuplicates[Joinee (Listeee ody)]]];

coordinates [map ]| 1z get3DGraphEmbedding [uniqueEdges [map ], ("SpringElectricalEmbedding”, "InferentialDistance™ + Automatie, "RepulsiveForcePower™ + -2.4));

colorFunetien[x ] !z ColerData["Rainbow™] [Round [Max [Min[©.55 - 8.15 x, 1], @], 1/48]];
centralityColors [map ] := colorFunction /@ Standardize @ ClosenessCentrality [mapDualGraph[map]1];

plotMap3D [(map , coor ] is
Graphies3D [(EdgeForm[None], (FaceForm([# [[1]]], Pelygen[coor [[» [[2, 3; 3]11)1)], If[Length[w» [[2]]] = 4, Polygon[coor [[» [[2, (1, 3, 4)]]]1], (}]) & /@
Transpose [ {centralityColors [map |, facecycles [map ] /. halfedgeToVertexId(map])}] ), Boxed - False]

map = generateMap [("C", 500];
plotMap3D [map , coordinates [map] ]

example-analysi...

Pirsa: 17060079 Page 4/13



Mathematica 11.0 Stude Edition | Use Only

Fle

Edit Insert Format Cell Graphics Evaluation Palettes Window Help

WOLFRAM MATHEMATICA | STUDENT EDITION Demonstrations | MathWorld | Welfram Community |  Help

Plotting

l=d

halfedgeToVertexId[map ] := Dispatch([Join @@ MapIndexed (=] - =7 [[1]] &, vertexcycles[map ], (2}]1];
[[1]] &, facecyeles [map ], {2}]];

halfedgeToFaceld [map | = Dispateh[Join #® MapIndexed [#l - a.

uniqueEdges [map ) I= Union [Sort /@ (edgecyeles [map ] /. halfedgeToVertexId [map])];

uniquebDualEdges [map ] := Union[Sort /@ (edgecycles[map] /. halfedgeToFaceId [map 1)1

mapGraph [map ] 1z With[({edges = uniqueEdges [map ]}, Graph[Union @@ edges, » [[1]] — # [[2]] & /@ edges, GraphLayout + Nene]];
mapDualGraph [map ] i« With[{edges = uniqueDualEdges [map 1), Graph[Union @@ edges, & [[1]] = = [[2]] & /@ edges, GraphLayout - None]];

timothy®@timothy-UX31A -

) ) e L o ) o File Edit View Search Terminal Help
get3DGraphEmbedding [ edy , method ] 1=z (VertexCoordinateRules /. Cases ing @ DeleteDuplicates [Join @@ (List eee odg)]]];
timothy@timothy-UX31A

coordinates [map ]| 1= get3DGraphEmbedding [uniqueEdges [map ], {"Springk e

colorFunetion[x ] 1= ColeorData["Rainbow™] [Round [Max [Min[©.55 - 8.15 x

centralityColors (map ] = colorFunction /@ Standardize @ ClosenessCentr

plotMap3D [(map , coor ] is
Graphies3D [ (EdgeForm[None], {FaceForm([# [[1]]], Polygon [coor [[» [[2
Transpose [{centralityColors [map |, facecycles [map ] /. halfedgeToV

map = generateMap [("C", 500];
plotMap3D [map , coordinates [map] ]
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Config

programlocation = FileNameJoin[{NotebookDirectory[], "Linux", "randgeom"}]

home / timothy /Documents / web /homepage / randgeom/ Linux / randgeom

FileExistsQ [programlocation] && ListQ [RunThrough["'" <> programlocation <> "'", ""]]
True
Useful functions
-
generateMaps [ type , size , number ] 1= RunThrough ["'" <> programlocation <> "' —t" <> fype <> " -s" <> ToString[size] <> " -n" <> ToString [rumber ], ""];

generateMap [ type , size ] i« First @ generateMaps [ type , size, 113

eyeles (p ) 1= PermutationCyeles [p , Identity];
« given a list f permutations bits(plis i the part

orbits[plise ] 1= GroupOrbits @ PermutationGroup [PermutationCycles /@ plisc]

edgecycles [map ] = cycles [map [[ALL, 311];
facecyeles [map ] 1= eyeles [map [[AL1, 1]]];
vertexcycles [map ] = cycles [map [[map [[ALL, 311, 1111;

halfedgeToVertexId[map | 1= Dispateh[Join @® MapIndexed [#! - w2 [[1]] &, vertexeyeles[map ], {2}]1];
halfedgeToFaceId [map ] := Dispatch[Join @@ MapIndexed[s] - «7 [[1]] &, facecycles[map ], {2)1];

uniqueEdges [mapz ] t= Unfon[Sort /@ (edgecycles[map ] /. halfedgeToVertexId[mop 1) 1;
unigquebualEdges [map ) 1= Unfon[Sort /@ (edgecyeles[map ] /. halfedgeToFaceld[map])];
mapGraph [map ] := With[{edges = uniqueEdges [map ]}, Graph [Union @@ edges, = [[1]] = = [[2]] & /@ edges, GraphLayout - None]];

mapDualGraph [ m ] 1= With[{edges = uniqueDualEdges [map 1}, Graph [Union @ edges , » [[1]] — # [[2]]) & /@ edges, GraphLayout - None]];

Plotting

example-analysi... & [In y@timot
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Geodesic two-point function
. Mathema pport f ranh distances: th P . t of tances from al ertices to a randos hoser Vertex
distancelistFromRandemPoint [ graph | i= GraphDistance [ graph , RandomChoice @ VertexList [ graph]];
distanceProfile [map , max ] 1= BinCounts [» , (&, max}] /Length[»~ ] & @ distancelListFromRandomPoint @ mapGraph [map 13
dualDistanceProfile[map , max | i« BinCounts[= , {0, max }]/Length[# ] & @ distancelistFromRandomPoint @ mapDualGraph [map ]j
« An example of a e P f41le f v ndom vertex) f v ngle W eome .
ListPlot [distanceProfile [generateMap["C", 500], 30], Joined = True, Filling - Axis, InterpolationOrder = 0, AxesLabel - ("r", "o (r)")]

ListPlot [dualDistanceProfile [generateMap ["C", 500], 30], Joined = True, Filling - Axis, InterpolationOrder = 0, AxesLabel - ("r", "o (r)"}]

Spectral dimension
The spectral dimension d,; of a map is related to the probability p(t) that a simple random walk on the map (or its dual) returns to its starting point after t steps: p(t) ~ t-%'2 for fect<en (where n is the system size). There are various ways to measure this
return probability: one can simulate a random walker and just record its returns; study a heat diffusion process; or use linear algebra as follows. The return probability (p(t)) averaged over all starting points of the map is related to the normalized adjacency matrix

Avia (p(1)y =Tr(A") [ n = Z A" | n,where A, are the eigenvalues of A

dualAdjacencyMatrix [map ) != Module [ {dualedges, matrixentries, facedegrees),

jualedges = edgecycles [map ] /. halfedgeToFaceId [map ]}

facedegrees = Length /@ Taceeyeles [map ] ;

matrixentries = Tally @ Join[dualedges, Reverse /@ dualedges];

SparseArray[# [[1)]) - # [[2]]) / facedegrees [[» [[1, 1))]] & /@ matrixentries)
]

MatrixPlot [dualAdjacencyMatrix [generateMap ["D", 288]]] ).‘{
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Geodesic two-point function

distancelistFromRandemPoint [ graph | i= GraphDistance [ graph , RandomChoice @ VertexList [ graph]];

distanceProfile [map , max ] 1= BinCounts[w , {8, max }] /Length[» ] & @ distancelistFromRandomPoint @ mapGraph [map ];

dualDistanceProfile[map , max ] i« BinCounts[= , {0, mox }]/Length[= ] & @ distancelistFromRandomPoint @ mapDualGraph [map ]j

ListPlot [distanceProfile [generateMap ["C", 500], 30], Joined -+ True, Filling « Axis, InterpolationOrder - 0, AxesLabel - ("r", "o (r)"}]

ListPlot [dualDistanceProfile [generateMap ["C", 500], 30], Joined » True, Filling = Axis, InterpolationOrder - 0, AxesLabel - {"r", "o (r)"})]

raal t % iz tt t finit . ; t iorff dimer .
« Task: Proceec athe iata e average distance profile f ferer nd models wnd attemp ze 53 € % e Hausd i nsior

Spectral dimension

The spectral dimension d,; of a map is related to the probability p(t) that a simple random walk on the map (or its dual) returns to its starting point after t steps: p(t) ~ t-%'2 for fecteen (where n is the system size). There are various ways to measure this

-
return probability: one can simulate a random walker and just record its returns; study a heat diffusion process; or use linear algebra as follows. The return probability (p(t)) averaged over all starting points of the map is related to the normalized adjacency matrix L{

fol E [«}]
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Geodesic two-point function

distancelistFromRandemPoint [ graph ]| i= GraphDistance[ graph , RandomChoice @ VertexList [ graph]];

distanceProfile [map , max ] 1= BinCounts[w , {8, max }] /Length([» ] & @ distancelistFromRandomPoint @ mapGraph [map ];

dualDistanceProfile[map , max ] iw BinCounts[= , (0, max }]/Length[= ] & @ distancelistFromRandomPoint @ mapDualGraph [=ap ] ;

ListPlot [distanceProfile[generateMap["c", 500], 30], Joined -+ True, Filling « Axis, InterpolationOrder = 0, AxesLabel - ("r", "o (r)"}]

Py a o M [Homa] B mc = timothy = [timothy@timot
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Usage of randgeom
randgeom takes three parameters:

» -t followed by A, B, C, or D: the requested model type.
¢ -5 followed by positive integer S: the requested size S of the planar map measured by number of faces,
» -n followed by positive integer N: the number N of independent configurations to be returned.

The following returns a single random planar map sampled from model A with 4 faces.

b ./randgeom -tA -s4 -nl
{{{7.15,2},(16,4,1},{(8,6,4},{(2,14,3},{(6,8,6},(3,5,5},{9,1,8},1(5,3,7},(15,7,18},{11,13,9}, {12, 18,12},
{13,11,11},(1e,12,14},{4,16,13},{1,9,16},{14,2,15}}}

The output is formatted as a Mathematica-style nested list of length N, one entry per configuration. Each configuration corresponds to a list

of wriples of integers describing a planar map through permurations: the 1'th triple corresponds o {n{1) ,n" L(i),a(1i)}. where nand a
are the “next" and ~adjacent” permutations (see lecture slides). The output above corresponds to the following quadrangulation displayed N
both as a gluing prescription and as a planar map.

11

In case you prefer to read the output from a different program than Mathematica, you may prefer to receive the data as a space-separated
list. To this end one may use the option - - spaceseparated:

§ ./randgeom -tA -s2 -n2 --spaceseparated

- B NN WM R W BN
e W e e N
I R

& randgeom - Mo...
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Observables: geodesic distances (continued)

» Instead of taking N — oo and then r — oc, it is usually better to
use finite-size scaling methods: one expects

Nl/d“pN(Nl/d”x) to converge as N — oo for any fixed x € R.

» Equivalently, we expect the distribution of the distance between two
random points to converge as N — oo provided we take edge
lengths ~ N—1/dn

» Estimate dy by “collapsing curves”:

0.14 P 0.14 N 1__;'dﬂ v ( N 1/d r)

0.10 0.10 i 0.10
0.08 0.08 / 0.08
0.06 0.06 0.06

0.04 / \ 0.04 0.04

0,00 E = 0.00 E ()00
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AppData/Local/Julia-0 x Quantum-Cuboid-ren X Quantum-Cuboid-renor  x

C | @ localhost

j U pyter Quantum-Cuboid-renormalization Last Checkpont: 8 hours ago (autosaved)

B 4+ & B 4+ ¥ AW B C  Markdown LA CellToolbar

Tutorial: Quantum cuboid renormalisation

Basic definitions

In [ ]: function DE(jl:illHnTuJ,jZ::!JwJ'hJJj]"IldJluJ,]d::!JHulMJ,]S :leAl-J,jGZ Floated)
res (=2) * (j1~2 * (J2 + j4) + J2 * J4 * (j2 + j4) + J1 * (222 + (1 + 1im) * j2 * j4 + ja~2))
res *= (J172 * (43 + 35) + 33 * 35 * (33 + 35) + J1 * (332 + (1 + 1im) * 33 * 35 + §5%2))
res *s (3J3 * ja ™ jS e j2"* (ja ™ js + 33 * (ja + js)))
res *= (1272 * (43 + §6) + 33 * §6 * (§3 + 16) + j2 * (322 + (1 + 1im) * 3 * 46 + j6~2))
res *s (Ja22 * (j5 + J6) + j5 * j6 * (35 + J6) + j4 * (j5*2 + (1 + 11m) * 35 * J6 + j6°2))
res *= (33 * j4 * 46 + J1 * (j4 * 6 + 13 * (J4 + j6)))

res *s (j2 * 35 * j6 + j1 * (35 * j6 + j2 * (35 + j6)))
res

end

function DF(j1::Float64,j2::Float64,j3::Float6d,j4: :Floatsd, 5::Floatea,]6::Floatsa)
res (=2) * (J1*2 * ()2 + J4) + J2 * J4 * (J2 + J4) + J1 * (J2*2 + (1 1im) * j2 * j4 + 34*2))
res *= (§172 * (33 + 35) + 33 * 35 * (3 + 35) + J1 * (J3*2 + (1 - 1im) * J3 * 5 + 5+2))
res *=m (j3 * j4 % j5+ j2 * (j4 * j5 + j3 * (j4 + j5)))
res *= (3272 * (33'+ 36) + J3 * 36 * (33 + 36) + 32 * (J3"2 + (1 - 1im) * 33 * j6 + j612))
res "= (jar2 * (j5 + j6) + j5 * j6 * (j5 + j6) + j4 * (j5%2 + (1 - 1im) * j5 * j6 + j6~2))
res *= (33 * ja * 36 + j1 * (J4 * 6 + 33 * (j4 + 16)))
res *s (j2 * j5 * j6 + j1 * (j5 * j6 + j2 * (j5 + j6)))
res

end

function Ampl(a::Float64,j1::Float64,j2::Float6d,j3::Floated,j4::Float6a,i5::Floated, 6: :Floatea)

res = 1/((2. * pi)*3) * 2.~(24)
res *= (1/(sqrt(-DE(31,32,32,14,35,36))) +I1/(sqrt(-DF(31,12,13,34,35,16))))
res *s (1/(sqrt(-DE(j1,j2,33,)4,]5,76))) + 1/(sqrt(-DF(jl1,32,)3,74,]5,36))))
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