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Config

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

hame / timothy /Decuments / web /homepage /randgeom, linux /randgeam

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

True

Useful functions

generateMaps [ type , size , ] t= RunThrough ["'" <> programlocation <> "' - t" <> fype <> " -5" <> ToString[size] <> " -n" <> ToString [rumber |, ""1;

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

or 1 « mitat n i f 1 T cycle s al the
eyeles (o ] 1= PermutationCycles [p , Identity];

orbits[plist ] 1= GroupOrbits @ PermutationGroup [PermutationCycles /@ pli

edgecycles [map ] = cycles [map [[ALL, 3]11);
facecyeles [map ] 1= eyeles [map [[ALL, 1]]];
vertexcycles [map ] e cycles [map [[map [[ALL, 3]], 111];

halfedgeToVertexId[map | 1= Dispateh[Join ee MapIndexed[»! - »2 [[1]] &, vertexeyeles [map ], {(2}1];
halfedgeToFaceld [mop ] := Dispateh[Join @@ MapIndexed[s] = =7 [[1]] &, facecycles[map ], {2]]];

uniqueEdges [map ] i= Union[Sort /@ (edgecycles[map ] /. halfedgeToVertexId [map1)];
uniquebualEdges [map ] tz Union|[Sort /@ (edgecyeles[map ] /. halfedgeToFaceId [map])];

mapGraph [ map_] = With[{edges = uniqueEdges [map 1}, Graph[Union @@ edges, = [[1]] = & [[2]] & /@ «
mapDualGraph [map ] 1= With[{edges = uniqueDualEdges [map |}, Graph [Union ee «

*5, GraphLayout - Nene]];

s #([1)] — #[[2)) & /@ odges, GraphLayout - None]];

Plotting

1 =

example-analysi...
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edgecycles[map ] i= cycles [map [[ALL, 3]]1];

faceeyeles [map ] =z eyeles [mae [[ALL, 1]1]11;

vertexcycles [map ] ;= cycles [aop [[2op [[ALL, 3]], 1111;

halfedgeToVertexId [y | 1= Dispatch([Join éo MapIndexed[w) « »2 [[1]] &, vnr'toxcyclos [map ], {2))):

halfedgeToFaceld [map ] := Dispatch[Join @@ MapIndexed [=] = =7 [[1]] &, facecycles[map ], (21]];

uniqueEdges [ =37 ] = Unfon[Sort /@ (edgecycles[map] /. halfedgeToVertexId [=ap])];

unigueDualédges [ map ] 1= Union[Sort /@ (edgecycles[map ] /. halfedgeToFaceId [ maz1)]:

mapGraph[map ] = With[{edges = uniquekdges [m3p ]}, Graph[Union @@ edges, = [[1]] = = [[2]] & /@ edges, GraphLayout = Nene]];
mapDualGraph [ map ] 1= With[{edges = uniqueDualEdges [map 1), Graph [Unfon ee odges | » [[1]] — # [[2]] & /@ edges | GraphLayeut - None]];

Plotting

getiDGraphEmbedding [ edg , method ] i (VertexCoordinateRules /. Cases[GraphFlot3D[s [[1]] = = [[2]] & /@ odg, Method <= method ], Rule, Infinity]) [[Ordering @ DeleteDuplicates [Join @ (List eoe ~dg)]]];

- lav with the stior here t japt tf embedd{

coordinates [map ] := get3DGraphEmbedding [uniqueEdges [=ap ], ("SpringElectricalEmbedding™, "InferentialDistance” = Autematic, "RepulsiveForcePower™ = -2.411;

colorFunction[ v ] := ColorData["Rainbow™] [Round [Max [Min[0.53 - 0.15 ~, 1], 0], 1/40]];
centralityColors (map | 1z colorFunetion /@ Standardize @ ClosenessCentrality [mapDualGraph[=ap]];
plotMap3D [mas . coor | 1=
Graphica30 [{EdgeForm[None], {FaceForm[= [[1]]], Polygon(coor (1= [[2, i 311111, If [Length[= [[2]]] = 4, Polygon[coor [[= [[2, (1, 3, 4}1]11], ()]} & /@
Transpose [{eontralityColors [aap |, facecyeles [sup ] /- halfedgeToVertexId[mapr 1))}, Boxed » False)

map = generateMap ["C", S88]; I
plotMap3D [map, coordinates [map]]

Geodesic two-point function

distancel istFromRandenPoint [ gragh | 'z GraphDistance [ grapht . RandomChoice @ VertexList[ graph]];

example-analysi...
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halfedgeToVertexId[mop_ ] :» Dispatch([Join @® MapIndexed (=] = =7 [[1]] &, vertexcycles[map ], (2}11;
halfedgeToFaceld [ mip ] 1= Dispateh[Join e MapIndexed[#! = #2 [[1]] &, faceeycles [map], (2)]];

uniqueEdges [map ] 1= Union(Sort /@ (edgecycles[map ] /. halfedgeToVertexId([map])];
uniqueDualEdges [map ] := Union[Sort /@ (edgecycles[map ] /. halfedgeToFaceld[map 1)1
mapGraph [map ] 1= With[{edges = uniqueEdges [map ] ), Graph[Union @@ edges, » [[1]] — » [[2]] & /@ od

mapDualGraph[map ] ie With[ (e« : = uniqueDualEdges [ map 1), Graph[Union @@ edges, = [[1]] = = [[2]] & /@ cdges, GraphLayout - None]];

%, GraphLayout + Nene]];

Plotting

gotanGraphEmbedding [ edy , method ] t= (VertexCoordinateRules /. Cases [GraphPlot3D[s [[1]] + » [[2]] & /@ odg, Methed «+ method ], Rule, Infinity])[[Orderinge DeleteDuplicates[Join @e (List eee ody)])];

coordinates [ map ] = getiDGraphEmbedding [uniqueEdges [map ), ("SpringElectricalEmbedding”, "InferentialDistance"™ « Automatic, "RepulsiveForcoPower™ + -2.4));
LS P L Ll 8

colorFunetion[x ] = ColarData["Rainbow™] [Round (Max (Min[@.55 - @.15 x, 1], @], 1/48)];
centralityColors [map_] :» colorFunction /@ Standardize @ ClosenessCentrality [mapDualGraph[=ap1];
plotMap3D [map , coor ] is
Graphies3D [ (EdgeForm[None ], (FaceForm([» [[1]]], Pelygen[coor [[» [[2, 5; 3]]))), If[Length[~» [[2]]] = 4, Polygon[coor [[#» [[2, (1, 2, 4}]]]]), (})) & /@
Transpose [ (centralityColors [map ], facecycles [map ] /. halfedgeToVertexId[maz])]), Boxed + False]

s 500];
plotMap3D [map, coordinates [map]]

map = generateMap

example-anal
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halfedgeToVertexid ] := Dispatch[Join @@ MapIndexed (=] - =2 [[1]] &, vertexcycles[map ], (2)]1]; (=]
halfedgeToFaceld [map ] 1= Dispateh[Join @@ MapIndexed[#! - #2 [[1]] &, Tacecycles[m s (23113
uniqueEdges [mag ) 1= Union [Sort /@ (edgecycles [map ] /. halfedgeTovertexId [map])];
uniquebDualEdges [map ] := Union[Sort /@ (edgecycles[map ] /. halfedgeToFaceld [map 1)1}
mapGraph [map ] 1= With[(edges = uniqueEdges [map ]}, Graph[Union @ edges, » [[1]] — # [[2]] & /@ odges, GraphLayout + Nene]];
mapDualGraph[map ] i= With[{edges = uniqueDualEdges [map 1), Graph[Union @@ edges, = [[1]] = = [[2]] & /@ edges, GraphLayout - None]];

Plotting
timothy@timothy-UX31A -
A R : a : File Edit View Search Terminal Help
getiDGraphEmbedding [ edy , method ] 1= (VertexCoordinateRules /. Cases . ing @ DeleteDuplicates [Joinee (Listeee odg)]]];

coordinates [ map ] iz get3DGraphEmbedding [uniqueEdges [map ], {"Springk 35

colorFunction[x ] 1= ColorData["Rainbow™) [Round [Max [Min[9.55 - 8.15 x

centralityColors [map ] := colorFunction /@ Standardize @ ClosenessCentr

plotMap3D [(map , coor ] ie
Graphies30 [ (EdgeForm [None], (FaceForm[# [[1]]], Polygon [coor [[# [[2
Transpose [ (centralityColors [map ], facecycles [map ] /. halfedgeToVi

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

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

hame / timothy /Decuments  web /homepage randgeom, linux  randgeom

FileExistsQ [programlocation] && ListQ [RunThrough["'" <» programlocation «» "'", ""]]

True

Useful functions

Lo
« the followi 1 ' wdgeem with th pecified pa 2 parse '@ output as Mathematica code »
generateMaps | cype , size , number ] 1= RunThrough["'" <> programlocation <> "' t" <> type <> " -s" <> ToString[size] <> " -n" <> ToString [number ), ""];
generateMap [ type , sire ] i« First @ generateMaps| type , size, 11}

eyeles(p ] 1= PermutationCycles (o, Identity];

orbits[plist ] 1= GroupOrbits @ PermutationGroup [PermutationCyeles /@ plist]

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

halfedgeToVertexId[map | 1= Dispateh[Join ee MapIndexed[#»! - »2 [[1]] &, vertexeyeles[map ], {(2}11;
halfedgeTaFaceId [

@ ] i=Dispatch[Join @@ MapIndexed[s] = =7 [[1]] &, facecycles[map ], {2)1];

uniqueEdges [map ] i= Unfon [Sort /@ (edgecycles[map ] /. halfedgeToVertexId[map 1)1
unigquebualEdges [map ) i= Unfon[Sort /@ (edgecycles[map ] /. halfedgeToFaceld [map])];
o5, # [[1]]) = # ((2]] & /@ edges, GraphLayout - None]];

= uniguebDualEdges [ map |}, Graph[Union @@ odges, » [[1]) — # [[2]) & /@ odges, GraphLayout = Nene]];

mapGraph [map ] :w With[{edges » uniqueEdges (map 1}, Graph[Union ee «
mapDualGraph[map ] t=With[{e

Plotting

example-analysi...
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Geodesic two-point function
> VERem. ¥ 3 3 wph distanc th ) t f diztance from » — . Y sndomly choser ertex
distancelistFromRandemPoint [ graph | i= GraphDistance [ graph , RandomChoice @ VertexList [ graph]];
distanceProfile[map , max ] 1= BinCounts[w , {8, max }] /Length[» ] & @ distancelistFromRandomPoint @ mapGraph [map ];
dualDistanceProfile[map , mox ] i« BinCounts[= , (0, max]]/Length[# ] & @ distancelistFromRandomPoint @ mapDualGraph [map ]
« AN examp ) nee | A tom . » gle ndom  geoms .
ListPlot [distanceProfile[generateMap["C", 500], 38], Joined = True, Filling - Axis, InterpolationOrder = 0, AxesLabel — ("r", "o (r")]

the ime but f dual graph distar

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 1<< t << n (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)) =Tr(A")/n = Z A" | n.where A, are the eigenvalues of A.

dualAdjacencyMatrix[map ] 1= Module [(dualedges, matrixentries, face 0s),
dualedges = edgecycles [map ] /. halfedgeToFaceld [map ];
facedog s = Length /@ faceeyeles [map | ;
matrixentries = Tally @ Join[dualedges, Reverse /@ dualedges];
sparseArray[w [[1]] + w [[2]]) / facedegreos [[» [[1, 1]]]] & /@ matrixentries]
]
MatrixPlot [dualAdjacencyMatrix [generateMap ["D", 388]]] F

[+]>]

example-analysi...

Pirsa: 17060079 Page 7/13



] is.nb * - Welfram Mather
File Edit Insert Format Cell Graphics

ica 11.0 Student Edition onal Use Only
Evaluation Palettes Window Help

WOLFRAM MATHEMATICA | STUDENT EDIT

| Waltram C Help

wph distar Irr W

distancelistFromRandomPoint [ grap

:w» GraphDistance [ graph , RandomChoice @ VertexList [ graph]];

distanceProfile[map ,

x| t=BinCounts[w , {8, max}] /Length[~ ] & @ distancelListFromRandomPoint @ mapGraph [map ];
duslDistanceProfile[map , max ] i=BinCounts[=, (0, max )] /Length[= ] & @ distancelistFromRandomPoint @ mapDualGraph [ map 13
r xamp e f ad ) wndom 3 ]

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

ListPlot [dualDistanceProfile [generateMap["C", 500], 30], Joined -+ True, Filling - Axis, InterpolationOrder = 0, AxesLabel - {"r",6 "o (r"}]
ASK F ceed t zathe ata the Ve J L "

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) ~ 1-%'2 for fectecn (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
<
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Geodesic two-point function

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

distanceProfile[map , max ] 1= BinCounts|[w» , (8,

5

1x }] /Length[» | & @ distancelListFromRandomPoint @ mapGraph [ map ]
duslDistanceProfile[map , max ] t« BinCounts[=, {0,

1 1] /Length[ = ] & @ distancelistFromRandomPoint @ mapDualGraph [ =ap |

i
- camo'l : $

ListPlot [distanceProfile [generateMap["C", 500], 30], Joined - True, Filling -+ Axis, InterpolationOrder = 0, AxesLabel = ("r", "o (r "))
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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 -sd4 -nl
{{{7,15,2},(16,4,1},{8,6,4},{2,14,3},(6,8,6},{3,5,5}.{9,1,8}, {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 permutations: the i'th wiple corresponds o {n(1),n"1(1i),a(i)}, 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.

(_\ 3 11?
7 Ne7

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

i ./randgeom -tA -$2 -n2 --spaceseparated

R SN IRV R R R ]
(I TR R ]
D W W B e N

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

» Instead of taking N — oo and then r — o0, it is usually better to
use finite-size scaling methods: one expects

N/ o0 (N9 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~1/9u

» Estimate dy by “collapsing curves’:

0.14 -~ 0.14 .\ 1 .‘f:l!."\‘_ (_\ 1 ,"‘(f'r.J 0.1

0.12 0.12 ~ 01

0.10 / 0.10 y 010

0.08 y 0.08 J 0.08

0.06 0.06 0.06

0.04 N\ 004 0.04

0. ).02 J.

0.00 =—— e —— I —_ 0.00 = — 7], E—— N (N} § | — — — —J —=
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Tutorial: Quantum cuboid renormalisation

Basic definitions

In [ ]+ function DE(j1::Float64,]i2::Float64,]3: :Floatés,ja: :Float64,]i5: :Float6d,]6: :Floated)

res (=2) * Q172 * (J2+ J4a) « j2 * §4 ® (J2 » jJa) « J1 * (j2r2 + (1 + 1im) * 32 * j4 » jar
res *= (J152 * (J3 + 3s) + J3 * 35 * (J3 + 35) + J1 * (372 + (1 + 1im) * §3 * §5 + §542))
Fes *s (33 * 34 % 5+ 2% (34 % 15+ 13 * (]4 ¢ }5)))
res *= (272 * (3 + J6) + 33 * §6 * (§3 + 16) + j2 * (322 + (1 + 1im) * 3 * 6 + j6°2))
rés s (j4%2 % (j5+ j6) # J3 ¥ J&E* (j5 @ J6) « JA ¥ (52 & (1 » 1um) * 55 * J6 » 35°2))
res *= (33 * §4 * 46 + J1 * (44 * §6 + 33 * (J4 + i6)))
res *s (j2* 35" j6+ J1 * (35 % j6 + 32 * (35 + 16)))
res

end

function DF(J1::Flo: 4,2 vat64,j3::Floated,j4: :Floatea,5::Flo. :1,]’6::\ loated)
res = (-2) ‘Ul 2 ‘(12 + 14\ e J2 " 34 P2+ )8) + 11 ’(12 E #(% = Jamy ™ Q2™ e Gas
res *= (172 * (43 + §5) + 33 * §5 * (§3 + §5) + 1 * (J3~2 + (1 - 1im) * 3 * 45 + §5+2))
res: s (33 % 34 % 55 & J2 ® (J4 % j5 + J3 * (4 J55))
res *= (j272 * (13 + j6) + 3 * j6 * (I3 + j6) + J2 * (J322 + (1 - 1im) * J3 * j&6 + 622))
res: ®s (jas2 ® (j5'« j6) + )5 * J6* (35 « J6) « J2 ¥ (J5*2+ (1 - 1im)} * J5 ¥ 36 + j6°2))
res *= (13 * j4 * j6 + J1 * (34 * §6 + 13 * (4 + j6)))
res *= (j2* 35 % j6 + J1 * (J5 * 36 + j2 * (j5 + }6)))
res

end

function Ampl(a::Float64,j1::Floatea,j2::Float6d,j3::Floatea,j4: :Floatea,5::Floated,j6::Float6d)

res 1/C(2. ™ pi)*3) * 2.~(28)
res *= (1/(sqrt(-DE(31,32,33,34,35,36))) +I1/(sqrt(-DF(31,32,33,34,35,36))))
res *= (1/(sqrt(-DE(J1,]j2,)3,]4,]5,36))) + 1/(sqrt(-DF(j1,j2,]33,34,]5,36))))

2))

2))

Bhehiashan! i 9

1537
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