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G} vs 1
wick| ] t=
Block[{ = List @ee 1},
Length [ ]
D' (list[1], list[i]) wick[Times @@ Drop[Drop[list, {i}], 1]]]
=2

wick([¢[a ] o[b_]] := (#[a]l, &[L])

Example:

wick([¢[k1] ¢[ka] ¢[ka] ¢[ka] + d[k1] d[ka]]

wick [¢ (k1] d[kz] +d[ki] ¢[kz] d[ka] d[kae]]

ClearAll [tograph]
tograph| ] &=
tograph [ ] =List ee@ /. {¢[k[a_ 1], ¢[k[5_]]) » Rule[a[0], ~[0]] //
GraphPlot [, VertexLabeling -» True, ImageSize - 200] /.
Text [Framed [ 1s 1/7; ! NumericQ[{<}[1]] :» Text[""] &
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Function and Notation

X_Times
{i}vs 1
wick| ] =
Block[{ = List ee 1},
Length [ ]
Z ( [11., [i]1) wick[Times @@ Drop [Drop [ : 1331, 1]]]
=2

wick[¢[a ] o[b_]1] :=(o[a], ¢[B])

Example:

wick([¢[k1] ¢[ka] ¢[ka] ¢ [ka] + d[k1] d[ka]]

wick([d (k1] o(ka] +d[ky] @[ka] ¢[k3] d[ke]]

ClearAll [tograph]
tograph| ] s=
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{i}vs 1
wick([ ] &=
Block[{ = List @@ 1},
Length [ 1
Z ( [11, [i]) wick[Times @@ Drop [Drop [ r {3}], 1]]]
=2

wick([¢[a ] &[5 1] :=(@[a]l, ¢[b])

Example:

wick[¢[k;] ¢o[ka] d[ka] d[ke]]

(O(ki)l, d[ka]) (D[k2], O[k3]) + (D[k1), ®[ka]) (P[ka], OD[ka]) + (D[k1], d[k2])) (D[k3], d[ka])

ClearAll [tograph]
tograph| ] &=
tograph [ ] = List @@ /. (p[k[a 11, #[k[b 1]) :» Rule[a[O], LIO]] //
GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1, ] /; ! NumericQ[{<}[1]] =» Text[""] &
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wick[¢[a ] o[b_ 1] :=(e[al, ¢[P])

Example:

wick([¢[k1] d[ka] ¢[ka] &[kqe]]

(O[ki)l, d[ka]) (P[k2], O[k3]) + (D[k1], ®[k3]) (p[ka], O[ka]) + (D[k1], d[k2]) (D[k3], d[ka])

ClearAll [tograph]

tograph|[ ] s=
tograph [ ] =List ee /. {d[k[a 1], ¢[k[DL ]]) =» Rule[a[0O], 2[MOT] //
GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1, 1 /73 ! NumericQ[{c}[1]] :» Text[""] &

tograph /@ wickcontracted

96 | == 1 96 | e 2 .
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wick[¢[a ] o[b_ 1] :=(e[al, ¢[P])

Example:

wick([¢[k1] é[ka] ¢[ka] d[kqe]]

(O[ki]l, d[ka]) (P[k2], O[k3]) + (D[k1], ®[k3]) (p[ka], O[ka]) + (D[k1], d[k2]) (D[k3], d[ka])

ClearAll [tograph]

tograph [ ] 3=
tograph[ ] =Lis¢" y <¢[k[ ]],¢[k[ ]]):..Rule[ Eon' Eon] &
GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ ) ] /; ! NumericQ[{c}[1]] :» Text[""] &

tograph /@ wickcontracted

96 | — == ) 96 | e 2 '
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wick[¢[a ] o[b 1] :=(e[al, ¢[P])

Example:

wick([¢[k1] é[ka] ¢[ka] d[kqe]]

(o(ki]l, d[ka]) (P[k2], O[k3]) + (D[k1], ®[k3]) (p[ka], O[ka]) + (D[k1], d[k2]) (D[k3], d[ka])

List @@ wickcontral/. (¢[k[2 ]], #[k[b ]]) +» Rule[a[0], L[O]]

ClearAll [tograph]
tograph [ ] s=
tograph [ ] = List @@ /. {d[k[a 1], ¢[k[DL ]]) =» Rule[a[0O], 2[OT] //
GraphPlot [, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1 ] /7; ! NumericQ[{c}[1]] :» Text[""] &

tograph /@ wickcontracted

QR 1 - 2 +« QR | ———

(]
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List @@ wickcontracted([[1] /. (¢[k[a 11, ¢[k[DL ]]1) :» Rule[a[0], H[OT] //
GraphPlot
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List @@ wickcontracted[1l] /. {(¢[k[= 11, ¢[k[DL ]]) :=» Rule[a[O], ~[0O0T] //

GraphPlot
ClearAll [tograph]
tograph [ ] s=
tograph [ ] =List e@ /. {#p[k[a_]], #[k[5L_]]) »» Rule[a[0], »[0]] //
GraphPlot [#, VertexLabeling - True, ImageSize » 200] /.
Text [Framed [ 1, 1 /; ! NumericQ[{<}[1]] =» Text[""] &

tograph /@ wickcontracted

96 ! 2 496 ! 2

48 ! Q 2
O

48 ! O -
m

O

o O
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tograph [ ] = List @@ /. {p[kl[a 1], o[k[> ]1]) =» Rule[a[0], >[O0T1] //

GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1, ] /; ! NumericQ[{c}[1]] » Text[""] &

? tograph N

Global™ tograph

tograph /@ wickcontracted

96 1 - > 2 + 96 l - -

(3]

+ 96 1 O

O

v O O
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tograph | ] =Lastee /o elk[a_]], ¢[k[5_]]) =» Rule[a[[0], 5[0]]
GraphPlot [, VertexLabeling - True, ImageSize -» 200] /.
Text [Framed [ 1, 1 /73 ! NumericQ[{c}[1]] :» Text[""] &
? tograph
Global™ tograph \

tograph [{(¢[ki()], ®[Kassos(a)]) (O[k2(1], P [Kassos(3]])
(@ [kassoa(1)] s ®[Kassos(2)]) (®[Kassoa(2)] s ®[Kassos(1)]) (®[Kassoa(3)]s ®[Kassoa(4a)])] =

Graphics [Annotation [GraphicsComplex[{{0., 1.5}, {0.866025, 1.}, {0.866025, 0.},
{1.73205, 1.5}, {1.65574, 1.42621}, {1.63496, 1.40681}, {1.61351, 1.38815},
{1.59143, 1.37025), {1.56873, 1.35314}, {1.54545, 1.33683}, {1.52161, 1.32134},
{1.49724, 1.3067}, {1.15083, 1.1067}, {1.12597, 1.09292}, {1.10064, 1.08002},
{1.07487, 1.06801}, {1.0487, 1.05691}, {1.02216, 1.04673}, {0.995277, 1.03749},
{0.968087, 1.0292}, {1.62999, 1.4708}, {1.6028, 1.46251}, {1.57592, 1.45327},
{1.54937, 1.44309)}, {1.5232, 1.43199), {1.49744, 1.41998)}, {1.47211, 1.40708},
{1.44724, 1.3933}, {1.10083, 1.1933}, {1.07647, 1.17866}, {1.05263, 1.16317},
{1.02935, 1.14686)}, {1.00665, 1.12975}, {0.984564, 1.11185}, {0.963119, 1.09319},
{0.94234, 1.07379}, {1.73014, 1.50343), {1.70482, 1.56955}, {1.69904, 1.64011},
{1.71328, 1.70946), {1.7464, 1.77204}, {1.79573, 1.82283}, {1.85732, 1.85774},
{1.92623, 1.87399}, {1.99693, 1.87027}, {2.06375, 1.84687}, {2.12134, 1.80568},
{2.16506, 1.75}, {2.19142, 1.68429), {2.1983, 1.61383}, {2.18515, 1.54426},
{2.15303, 1.48117}, {2.1045, 1.42961), {2.04347, 1.39373}, {1.97482, 1.37641},
{1.90407, 1.37902}, {1.83689, 1.40136), {1.77866, 1.44164}, {1.73407, 1.49663}},
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60, 61, 62, 63, 64, 65, b6, 67, 68, 69, 70, 72, 72, 73, &}, {4, 74, 715, 76, 77,
78, 79, 80, 81, 82, 83, B4, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, £}}1},
{Text [Framed[l, {Background - RGBColor[l, 1, 0.8], FrameStyle —»
RGBColor[0.94, 0.85, 0.36], FrameMargins - Automatic}], 1],
Text [Framed |2, {Background -» RGBColor([1l, 1, 0.8], FrameStyle - RGBColor |
0.94, 0.85, 0.36], FrameMargins -» Automatic}], 2], Text[], Text[]}}, {}].,

VertexCoordinateRules - {{2.62503, -0.208343}, {1.62503, -0.208343},

{0.708343, -0.708343}, {0.708343, -2.12503}}],
FrameTicks » None, PlotRange - All, PlotRangePadding -» Scaled[0.1],

AspectRatio -» Automatic,
ImageSize - 200)]

tPgraph [term_] :=
tograph [term] = (GraphPlot 111, VertexLabeling -» True, ImageSize - 200] /.
Text [Framed|[c | P - ] /3 ! NumericQ[{c}[l]] » Text|[] &) [

List @@ term /. (¢[ka |, ¢[ky_]) > a[0] > b[0]]

tograph /@ wickcontracted

96 1

o

O O, |

AQ 1

Q

ailfile.
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tograph [ ] = List @@ /. {p[kl[a 1], o[k[> 1]) =» Rule[a[0], >[O01] //

GraphPlot [#, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1, ] /; ! NumericQ[{c}[1]] > Text[""] &

tograph /@ wickcontracted

96 1 2 + 96 1

w B e [ ;.
O O

(3]

o 1 T s D
O O
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List @@ wickcontracted[[1l] /. (¢[k[= 11, ¢[k[DH ]]) :=» Rule[a[[0], 5[0]] // GraphPlot

ClearAll [tograph]
tograph| ] 3=
tograph [ ] =List @@ /. (¢[k[a_ 1], ¢[k[5_]]) =» Rule[a[0], ~[0]] //
GraphPlot [#, VertexLabeling -» True, ImageSize - 200] /.
Text [Framed [ 1 1/7; ! NumericQ[{<}[1]] :» Text[""] &

tograph /@ wickcontracted;

Computing the Wick contractions

<< Notation~

Notation[ ki o k[i_] ]

vertex([n ] := Block[{ = Unique[a]}, nqb[k [ ]H
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List @@ wickcontracted[1l] /. (¢[k[= 11, ¢[k[DH ]1]) =» Rule[a[0], 2[0]] // GraphPlot

dummy
ClearAll [tograph]
tograph [ ] &=
tograph|[ ] = List @@ /. {p[k[a 1], ¢[k[L 1]) =» Rule[a[0], H[OT] //
GraphPlot [/, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1 1/; ! NumericQ[{<}[1]] :» Text[""] &

tograph /@ wickcontracted;

Computing the Wick contractions

<< Notation~

Notation[ ki & k[i_] ]
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List @@ wickcontracted[[1l] /. (¢[k[= 11, ¢[k[DL ]]) =» Rule[a[0], 5[0]] // GraphPlot

dummy = Union@Cases [wickcontracted, K, (» )+ a/; ! NumericQ[a], co]
Permutations [dummy ]

(a$804, a$805)

{{a$804, a$805}, {a$805, a$B04})

ClearAll [tograph]
tograph ([ ] &=
tograph [ ] = List @@ /. {p[k[a 1], ¢[k[L ]1]) =» Rule[a[0], >[01] //
GraphPlot [, VertexLabeling - True, ImageSize - 200] /.
Text [Framed [ 1 1/7; ! NumericQ[{<}[1]] :» Text[""] &

tograph /@ wickcontracted;

Computina the Wick contractions
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List @@ wickcontracted[[1l] /. (¢[k[= 1], ¢[k[DL ]1]) =» Rule[a[[0], 2[0]] // GraphPlot

dummy = Union@Cases [wickcontracted, K, (» )+ a/; ! NumericQ[a], oo]
Permutations [dummy ]

(a$804, a$805)

{{a$B04, a$805}, {a$805, a$B04})

ClearAll [tograph]
tograph [ ] s=
tograph [ ] = List @@ /. {p[k[a 1], ¢[k[L ]1]) =» Rule[a[0], >[0T] //
GraphPlot [, VertexLabeling - True, ImageSize - 200] /.
Text [Framed [ 1 1 /7; ! NumericQ[{<}[1]] :» Text[""] &

tograph /@ wickcontracted;

Computina the Wick contractions
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List @@ wickcontracted[1l] /. {(¢[k[= 1], ¢[k[DL ]]) =» Rule[a[[0], H5[0]] // GraphPlot

dummy = Union@Cases [wickcontracted, K, (» )+ a/; ! NumericQ[a], oo]
permutations = Permutations [dummy]

relabelings = Table[dummy[ ] - permutations[k, 7], {&, Length[permutations]},
{J, Length[dummy] }]

(a$804, a$805)

{{a$804, a$805}, {a$805, a$804}}

{{x$804 -» a$804, a$805 -» a$805}, {x$804 » a$805, a$B05 —» a$804}}

ClearAll [tograph]
tograph|[ ] t=
tograph [ ] = List ee /. {d[k[a 11, ¢[k[DL ]]) :=» Rule[a[O0], 2MOT] //

GraphPlot [/, VertexLabeling - True, ImageSize - 200] /.

- - - - - . - . - J— PR L LI .
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listdummy := Block| { , ¥
= Union@Cases [wickcontracted, ka (b ] ; ! NumericQ[a], oo];

= Permutations | 1:
relabelings = Table|[ [i] - [, i1, {k, Length|
{i, Length|[ 1}1:

listdummy
relabelings

{{x$804 —» a$804, a$805 » a$805}, {x$804 » x$805, a$B05 —» a$804}}

ClearAll [tograph]
tograph| ] t=

i f‘\‘}

I+] = (Charged)

List @@ wickcontracted[[1l] /. {(¢[k[= 11, ¢[k[DL ]1]) :=» Rule[a[[0], H2[0]] // GraphPlot

1},

Mon 10:56 AM Q
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List @@ wickcontracted[[1l] /. (¢[k[= 11, ¢[k[DL ]1]) =» Rule[a[[0], »[0]] // GraphPlot

listdummy u:Block[{ : },
=UnionOCases[wickcontracted,l: (b ] ; ! NumericQ[a], m];
= Permutations [ 17
relabelings = Table|[ [i] - [, i1, {&, Length[ 1},
{J, Length[ 1}1:
]

listdummy

relabelings

{{x$804 —» a$804, a$805 » a$805}, {x$804 » a$805, a$B05 —» a$804}}

ClearAll [tograph]
tograph| 1 t=
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List @@ wickcontracted[[1l] /. (¢[k[= 11, ¢[k[DH ]1]) :=» Rule[a[[0], 5[0]] // GraphPlot

listdummy := Block[{ . },
= Union@Cases [wickcontracted, ks (b ] ; ! NumericQ[a], oo];
= Permutations [ 1:
relabelings = Table([ [i] -» [, i1, {k, Length| 1},
{J, Length| 1}1:
]

listdummy

relabelings

{{x$804 —» a$804, a$805 » a$805}, {x$804 » x$805, a$B05 —» a$804}}

ClearAll [tograph]
tograph| ] 2=
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relabelings = Table| [0 - [, i1, {&, Length] 1},
{J, Length| 1}1:
ClearAll [tograph]
tograph| ] &=
tograph [ ] = List @@ /. {d[k[a 1], ¢[k[L ]1]) =» Rule[a[0], 2[O0T] //
GraphPlot [#, VertexLabeling -» True, ImageSize - 200] /.
Text [Framed [ 1y 1/; ! NumericQ[{<}[1]] :» Text[""] &

tograph /@ wickcontracted;

Computing the Wick contractions

<< Notation~

Notation[ ki o k[i_] ]

vertex([n ] := Block[{ = Unique[a]}, n¢[k [ ]]]
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relabelings = Table| [i] - ¢ 11, {k, Length(
{7, Length[ 1}1:
listdummy;
¥

List @@ wickcontracted[[1] /. (¢[k[= ]], ¢[k[> ]]) +» Rule[a[0], H[O]]

{1->a$805, 2 > a$805, a$B04 » x$805, a$804 » x$BO05, 5804 - a$804 )

ClearAll [tograph]
tograph [ ] =
tograph [ ] =List ee /«(¢[k[a_]1], ¢[k[5L_]]) > Rule[a[0], ~[0]] //
GraphPlot [/, VertexLabeling -+ True, ImageSize -» 200] /.
Text [Framed [ 1. 1 /; ! NumericQ[{c}[1]] =» Text[""] &

tograph /@ wickcontracted;

Computing the Wick contractions
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relabelings = Table| [i1 - [, i1, {&, Length] 1},
{J, Length[ 1}1;
listdummy;

object = List @@ wickcontracted[1] /. (¢[k[a ]], ¢[k[H ]1]) :» Rule[a[0], H[O]]

{1->a$805, 2 > a$805, a$B04 » x$805, a$804 » x$BO05, 5804 - a$804 )

ClearAll [tograph]
tograph [ ] t=
tograph [ ] =List @ee /[« ¢[k[a_]], ¢[k[5_]]) =» Rule[a[0], ~[0]] //
GraphPlot [/, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1. 1 /; ! NumericQ[{c}[1]] » Text[""] &

tograph /@ wickcontracted;

Computing the Wick contractions
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Sort@Rule[1l, 3]
Rule[3, 1]
Sort@Rule[3, 1]

1-3

3-1

Table object /. relabelings([2] /. i+ Sort@nr, , Length|rel

{1 >0$804, 2 >$804, a$B05 » a$804, a$805 » x$804, a$805 -» a$805}

ClearAll [tograph]

tograph [ ] t=
tograph [ ] = List e@ /. {p[k[a 1], o[k[L ]]) =» Rule[a[0], H[OT] //
GraphPlot [/, VertexLabeling -+ True, ImageSize - 200] /.
Text [Framed [ 1+ 1 /; ! NumericQ[{c}[1]] =» Text[""] &
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e - - -
i
1-3
CanOrder [ ] i=
First@Sort@Table]| /. relabelings[1] /. + Sort@n,

{1, Length[relabelings]}]

ClearAll [tograph]
tograph | ] &=
tograph | ] =List @@ /« {¢[k[a_1]1, ¢[k[5_]]) +» Rule[a[0], H[0]] //
GraphPlot [# // CanOrder, VertexLabeling - True, ImageSize - 200] /.
Text [Framed [ 1. 1 /; ! NumericQ[{c}[1]] » Text[""] &

tograph /@ wickcontracted

48 1 Q Q 2 + 96 1 O -
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RAY o ¥

olk1], Olkq @ 2.@[3>+<®|.K1J;@IMI)ZQ‘W!ZI:@.MI + (@ K1), PK2 olk3], olke))

listdummy := Block[{ ’ }s
= Union@Cases [wickcontracted, ka (b ; ! NumericQ[a], cn];
= Permutations [df 13
relabelings = Table| [0~ [, i1, {&, Length( 1},
{J, Length[ 1313

CanOrder [ ] &=
First@Sort@Table|[ /. relabelings[i] /. :» Sort@r,
{1, Length[relabelings]}]

ClearAll [tograph]
tograph| ] s=
tograph [ ] = List ee /. {p[k[a 1], o[k[DL ]]) = Rule[a[0], B[OT] //
GraphPlot [ // CanOrder, VertexLabeling - True, ImageSize - 200] /.
Text [Framed [ s 1/; ! NumericQ[{<}[1]] =» Text[""] &

Computing the Wick contractions
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2 +

+ 96

288 + 24 .

Pirsa: 12120021 Page 31/79



' ‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;o0 @D ™ D § = & 4] (= (Chargedd Mon 11:07 AM Q
FYaYa FileBeforel010.nb

g - . - - . [
| P _SLPee L ¢ o0

192 1 2 4192 | O +96 1 O +
| O
2 1
288 + 24 + 72 +
o
b
2
(  — ; ( e — ) 8 | l
36 + 36 + 9
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First@Sort@Table|[ /. relabelings[] /. i+ Sort@r,

{7, Length[relabelings]}]

ClearAll [tograph]
tograph|[ ] &=
tograph [ ] = List @@ /. {d[k[a 1], &[k[L 1]) =» Rule[a[O0], £[OT] //

F |11 // CanOrder,
GraphPlot [~ // CanOrder, VertexLabeling - True, ImageSize - 150] /.
Text [Framed [ 1, 1 /; ! NumericQ[{c}[1]] +» Text[""] &

Computing the Wick contractions

vertex[n ] ::Block[{ = Unique[a]l}, nq&[k [ ]]]
=l

towick = ¢[ky()] ¢[kz[)] vertex[4] vertex([4];
EvenQ@Count [towick, ¢[_]]

True
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- ~
D . 94 DI

tograph /@ wickcontracted

192
F[{l1->a$39788, 2 > a$39789, a$39788 » «$39789, x$39788 » a$39789, «$39788 -» «$397891} ]

l 2 448 :
F[{l->a$39788, 2 5> x$39789, a$39788 - x$39789, a$39788 - a$39788, x$39789 - x$39789}]

O 2
O

F({l1-5a$39788, 2 »>xa$39789, a$39788 » a$39789, a$39789 » x$39789, x$39788 - a$39788} |

F[{l»>a$39788, 2 > x$39789, a$39789 —» x$39789, x$39788 -» x$39789, x$39788 » x$39788} ]

O 2
O

F[{l->a$39788, 2 > x$39789, a$39788 » a$39788, a$39788 -» a$39789, a$39789 » a$39789} ]

O :
)

+ 48

+ 96

+168
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eSsq.*

tograph /@ wickcontracted

192
F[{l1->a$39788, 2 > a$39789, a$39788 » «$39789, x$39788 » a$39789, «$39788 » «$397891} ]

l 2 448
F[{l->a$39788, 2 > x$39789, a$39788 - a$39789, a$59788 - a$39788, $39789 » a$39789}

O 2
O

F({l1-5a$39788, 2 »>a$39789, a$39788 » a$39789, a$39789 » x$39789, x$39788 - a$39788} |

F[{l>a$39788, 2 > x$39789, $39789 —» x$39789, x$39788 -» x$39789, x$39788 » x$39788} ]

O :
O

F[{l->a$39788, 2 5> x$39789, a$39788 » a$39788, a$39788 -» a$39789, a$39789 » a$39789} ]

O 2
)

+ 48

+ 96

+168
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wick([¢[k1] #[ka] ¢[ka] d[ke]]

(@[ki], Oolka]) (blk2], @[k3]) + (@[ki], d[k3]) (bd[ka], &[ka]) + (@[k1], d[k2]) (d[k3], d[ka])

listdummy := Block| { . )
= Union@Cases [wickcontracted, k, [, j = 2 /; ! NumericQ[a], =];
= Permutations | 13
relabelings = Table| [i1 -» [, i1, {&, Length] 1},
{J, Length| 1}1:

CanOrder | ] &=
First@Sort@Table| /. relabelings[i] /. + Sort@n,
{71, Length[relabelings]}]

ClearAll [tograph]
tograph|[ ] s=
tograph [ ] = List ee /. {p[k[a 1], ¢[k[D ]1]) =» Rule[a[0], H[OT] //
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tograph|[ ] s=
tograph [ ] = List ee /. {p[k[a 1], ¢[k[D ]1]) =» Rule[a[0], H[0T1] //
F[# // CanOrder] GraphPlot [# // CanOrder, VertexLabeling - True, ImageSize - 150] /.
Text [Framed [ 1 ] /; ! NumericQ[{c}[1]] :» Text[""] &

Computing the Wick contractions

vertex[n ] :=Block[{ = Unique[a]}, l_[qb[k ( ]]]
a1
l

towick = ¢[ky[)] #[ka[)] vertex[4] vertex[4];
EvenQ@Count [towick, ¢[_]]

True

wickcontracted = Expand@wick@towick;
listdummy ;
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listdummy n:Block[{ ’ }s

=UnionOCases[wickcontracted,lc (b ] ; | NumericQ([a], m];
= Permutations | 1:
relabelings = Table|[ [:] - [, 71, {&, Length| 1},
{7, Length[ 131
relabelings

{{a$39788 » a$39788, a$39789 » a$39789), {a$39788 » a$39789, a$39789 » a$39788}}

CanOrder [ ] 1=
First@Sort@Table[y /. relabelings([i] /. » Sort@n,
{71, Length[relabelings]}]

ClearAll [tograph]
tograph| ] :=
tograph [ ] =List @@ /. (@d[k[a_]], ¢[k[H_]]) +» Rule[a[0], H[O]] //
F[# // CanOrder] GraphPlot [# // CanOrder, VertexLabeling -» True, ImageSize - 150] /.
Text [Framed [ 1. 1/: ! NumericO[{c}T1N] :=» Text[""] &

200% »
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2 , - - T =
listdummy n:Block[{ ’ }s

=UnionOCases[wickcontracted,lc (b 1+ a/; ! NumericQ[a], m];

= Permutations | 1;
relabelings = Table|[ [:] - [, 31, {&, Length| 1},
{7, Length[ 131

relabelings

{{a$39788 » a$39788, a$39789 » a$39789), {a$39788 » a$39789, a$39789 » a$39788}}

CanOrder [ ] 1=
First@Sort@Table|[ /. relabelings[] /. » Sort@r // Sort|,
{1, Length[relabelings]}]

ClearAll [tograph]
tograph| ] =
tograph [ ] =List ee@ /e« (¢[k[a_ 1], ¢[k[5_]]) »» Rule[a[0], H[0]] //
F[# // CanOrder] GraphPlot [# // CanOrder, VertexLabeling - True, ImageSize - 150] /.
Text [Framed [ 1s 1/; ! NumericQ[{<}[1]] :» Text[""] &

Pirsa: 12120021 Page 39/79



*______Mathemitica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;@0 @D ™ D § = 4 4] = (Charged Mon 11:13AM Q
FYaYe) FileBeforel010.nb

W _ o4 Do

vertex| 1-t= Block[{ = Uniquefal}, ﬂ [ r
1 J
vertex| | t= Block[{ = Uniquelal}, H [
towick = ¢[kir1] ¢[ka(y] vertex[4] vertex[4] ;=1 i
EvenQ@Count [towick, ¢[_]1]
towick = ¢[kiry] ¢[kzry] vertex[4] vertex([4];
True
EvenQ@Count [towick, ¢[ ]]
'rue
wickcontracted = Expand@wick@towick;
listdummy;
wickcontracted = Expand@wick@towick;
togtdphmy¥;wickcontracted
L& - ' ® 3 - - - ~
tograph /@wickeontracted oo 45397 539789, 2$39788 $39789, $39788 539789
< 48
92
+ i 4 vﬂ-i‘*-‘i;’; & w-i.j*»irf, ':"*%“f*"’,t Eﬂ'%l"‘rfll
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D . PO NS 26

. v
(®[kas39788121 ) r ®[Kas39789(11)) (P [Kas39788(3] )¢ Q’[t:SJQ?BSM] ]

tograph /@ wickcontracted

192 1 e 2 + 288 I O

1
2 1
288 . 24 *
e
2

2 () g Q
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Function and Notation

Computing the Wick contractions

vertex[n ] n:Block[{ = Unique[a]l}, r]¢[k []]]
=1

towick = ¢[ky()] ¢[kz[)] vertex[4] vertex[4];

EvenQ@Count [towick, ¢[_]]

True

wickcontracted = Expand@wick@towick;
listdummy;

Plotting the Graphs
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Plotting the Graphs

tograph /@ wickcontracteid

192 | 2 +288 | O 2

288 + 24 .

(]
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N L9 P_SLBE b ¢ o0 [ OB

{{x$39788 - a$39788, a$39789 - a$39789), {a$39788 » x$39789, a$39789 » a$39788} }

CanOrder | ] &=
First@Sort@Table| /. relabelings[i] /. :» Sort@r // Sort,
{i, Length[relabelings]}]

ClearAll [tograph]
tograph|[ ] =
tograph [ ] =List e@ /. {#p[k[a_]], #[k[5L_]]) =» Rule[a[0], »[0]] //
GraphPlot [ // CanOrder, VertexLabeling -» True, ImageSize - 150] /.
Text [Framed [ 1, 1 /; ! NumericQ[{<}[1]] =» Text[""] &

{a-b, basc, d>e} // GraphDistan

{a-»b, bsc, d»e} // Graph
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ClearAll [tograph]
tograph| ] :=
tograph [ ] =List @@ /. (@®[k[a_]], ¢[k[H_]]) +» Rule[a[0], H[O]] //
GraphPlot [# // CanOrder, VertexLabeling -+ True, ImageSize -» 150] /.
Text [Framed [ 1, ] /; ! NumericQ[{c}[1]] =» Text[""] &

{a-»b, bac, d>e} // Graph // GraphDistanceMatrix // MatrixForm

(01
o 0

w o 0 © o

(N
8
8

’_l
8
8

o o @ 0 l

oo 0 @O @

{a-»b, bac, d-»e} // Graph

@ O O
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ClearAll [tograph]
tograph| ] s=
tograph [ ] =List @@ /. ®[k[a_]], ¢[k[H_]]) +» Rule[a[0], H[O]] //
GraphPlot [# // CanOrder, VertexLabeling -+ True, ImageSize -» 150] /.
Text [Framed [ 1, ] /; ! NumericQ[{c}[1]] =» Text[""] &

{a-b, bac} /. Rule[a , ] :» Sequence[Rule[a, b], Rule[b, a]]

{a->b,b-a, b->c, c->b}

<< GraphUtilities~

{a-b,bosc,barc,d->e} /. Rule[a , ] :» Sequence[Rule[a, b], Rule[b, alll|//
GraphDistanceMatrix

GraphDistanceMatrix [Graph|({a—->b, b»a, b»¢c,c->b, b>c,c-ob,doe, e->d}]]
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‘;5.- "ﬁ -
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{7, Length[relabelings]}]

ClearAll [tograph]
tograph|[ ] s=
tograph [ ] = List ee /. {p[k[a 1], ¢[k[L ]1]1) = Rule[a[0], B[O1] //
GraphPlot [# // CanOrder, VertexLabeling -+ True, ImageSize - 150] /.
Text [Framed [ 1, 1 /73 ! NumericQ[{c}[1]] :» Text[""] &

{a->b, bac} /. Rule[a , ] =» Sequence[Rule[a, b], Rule[b, a]]

({a->b,b-oa, boc, c- b}

<< GraphUtilities™

{a-b,bsc,ba»c,d->e} /. Rule[a , ] :=» Sequence[Rule[a, b], Rule|
GraphDistanceMatrix

v all //

{{0,1, 3, », @}, {1, 0, 2, », »}, {3, 2, 0, ®, ®»}, {®, ®, ©», 0, 1}, {®, ®, @, 1, 0}}
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(i, ﬁength[relabelings] }1

I+l = (Charged) Mon 11:23 AM Q

ClearAll [tograph]
tograph|[ ] s=
tograph [ ] =List ee /. {p[k[a 1], ¢[k[L ]1]) =» Rule[a[0], B[O0T] //
GraphPlot [# // CanOrder, VertexLabeling -+ True, ImageSize -» 150] /.
Text [Framed [ 1, 1 /73 ! NumericQ[{c}[1]] :» Text[""] &
wickcontracted[1]

(P[Rip1]r ®[Kaszo7s9(a)]) (D[K2(1]s ®[Kasaors9(3)]) (P [Kag3srss(1)]r P [Kas39789(21])
(®kas39788(2) ] r P [Kas39789(11]) (P[Kas3orss(3]] s @ [Kas3978874)])

disconnectedQ[X ] := disconnected[Q]|

{a-»b,b-c} /. Rule[a , ] :» Sequence[Rule[2, b], Rule[b, a]]

{a-b,b-oa, boc, ¢c-b}
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{' ’ i.ength[relabelings] }1]

ClearAll [tograph]

tograph|[ ] s=
tograph [ ] = List ee /. {d[k[a 1], ¢[k[DL ]]) =» Rule[a[0O], 2[OT] //
GraphPlot [# // CanOrder, VertexLabeling -+ True, ImageSize - 150] /.
Text [Framed [ 1¢ 1 /73 ! NumericQ[{c}[1]] :» Text[""] &

wickcontracted[1l] // disconnectedQ

True

disconnectedQ[x ]

disconnectedQ[x] =

(List @@ x) /. (¢[k[a_]1], ¢[k[5_]]) » Sequence [Rule[=[0], H[0]], Rule[5H[0], 2[00]] //
GraphDistance // FreeQ[#, o] &

fa W L Des T Al T ao CamssmnmalI Dl aAaTl 1 Dess T~ Tl 11

Pirsa: 12120021 Page 49/79



‘ Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help ;@0 @D W D § = & ] (= Chargedd Mon 11:25AM Q

YaXa 'i..n'gefm lOlO.nbv
PN R ¢ "06 VTN
ClearAll [tograph]
tograph [ ] s=
tograph [ ] =List ee /. {p[k[a 1), o[k[DL ]1]) = Rule[a[0], &[OT] //
GraphPlot [ // CanOrder, VertexLabeling -» True, ImageSize - 150] /.
Text [Framed [ 1, 1 /; ! NumericQ[{<}[1]] =» Text[""] &

wickcontracted[1l] // disconnectedQ

True

(List @@ wickcontracted[1]) /.
(¢[k[a 1], ¢[k[5H_]1]) :» Sequence[Rule[a[0], H[0]], Rule[5[0], 2[0]]]

(1 >a$39789, a$39789 -1, 2 » x$39789, a$39789 » 2, a$39788 » a$39789, a$39789 » a$39788,
a$39788 -» a$39789, o$39789 » «$39788, x$39788 » a$39788, a$39788 -» «$39788)

disconnectedQ[x ] :=

As emnmannamtadAnT v1
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True

connectedQ[x ] :=
connectedQ[ 1] =
(List@e@ x) /. (¢[k[a 1], ¢[k[D> ]1]) =» Sequence[Rule[a[[0], »[0]], Rule[~[0], =[01]1] //
GraphDistanceMatrix // FreeQ[#, o] &

connectedQ[wickcontracted[450]]

False

wickcontracted[450]

(dlkip)]e dlka()]) (Plkasasrsa(1)] s ®[Kasaores(2)]) (®[Kasa9res(3) ], @ [Kas3gr89(3) ]
(®[Kasa9788(4]1 ) r ®[Kas39789(41]) (P[Kas3978971) ]+ @ [Kas39789(271])
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{3, Length[ 1}1:
CanOrder [ ] t=
First@Sort@Table| /. relabelings[i] /. > Sort@r // Sort,

{7, Length[relabelings]}]

ClearAll [tograph]
tograph [ ] s=
tograph [ ] = List ee /. {(d[k[a 1], ¢[k[DL ]]) =» Rule[a[0O], 2[OT] //
GraphPlot [ // CanOrder, VertexLabeling -» True, ImageSize -» 150] /.
Text [Framed [ 1ii; ] /7; ! NumericQ[{c}[1]] :» Text[""] &

connectedQ[x ] :=
connectedQ[x] =

(Listee x) /. (¢[k[a_]], ¢[k[5_]]) » Sequence [Rule [a[0], H[0]], Rule[5H[0], 2[00]] //
GraphDistanceMatrix // FreeQ[#, =] &

Computing the Wick contractions
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wickcontracted = Expand@wick@towick;
listdummy;

Plotting the (connected) Graphs

Sum ['wickcontracted[.]|
s {¢, Length[wickcontracted] }]

192 ] ——— 2 + 288 1 <i> (:) 2 .

1
2 1
288 - 24 ;
e
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wickcontracted = Expand@wick@towick;
listdummy;

Plotting the (connected) Graphs

Monitor [Sum[If [connectedQ@wickcontracted[[.], tograph@wickcontracted[[.], 0]
; {+, Length[wickcontracted]}],

192 ] — e 2 + 288 1 O O 2 .

1
2 1
288 - 24 ;
e
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wickcontracted = Expand@wick@towick;
listdummy;

Plotting the (connected) Graphs

Monitor [Sum[If [connectedQ@wickcontracted[[.], tograph@wickcontracted[[.], O]
, {v, Length[wickcontrasted]}],
{ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}]

192 ] ———— 1 + 288 l O O 2 + 288
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wickcontracted = Expand@wick@towick;
listdummy;

Plotting the (connected) Graphs

Monitor [Sum[If [connectedQ@wickcontracted[[.], tograph@wickcontracted[[.], 0]
, {v, Length[wickcontracted]}],
{ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}]

192 | ——— 1 + 288 l O O 2 + 288
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wickcontracted = Expand@wick@towick;
listdummy;

Plotting the (connected) Graphs

Monitor [Sum[If [connectedQ@wickcontracted([[.], tograph@wickcontracted[.], O]
; {t, Length[wickcontracted]}], !
{ProgressIndicator([., {1, Length[wickcontracted]}], ¢, Length[wickcontracted]}]

{ » 2119, 10395}
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NotebookDirectory|[]

/Users/pvieira/Desktop/Dropbox/Physics/Courses/PSI Mathematica/2013/December 10/

Export | (NotebookDirectory[] <>
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<< GraphUtilities"
<< Notation”

Notation| k; e k[i_] ]

Length [ ]
wick [ ] ::Block[{ = Listee 1}, Z ({ [i1. [1]) wick [Times @@ Drop [Drop [ r {1}), 1]
=2
wick([¢[a ] ¢[b_]] := (&[a], &[D])
Example
wick [¢[ky] &[kz] ¢[k3] ¢[ks]]
(blkil, dolkel) (@lkal, @lka]) « (@[ki], @[ka]l) (@[ka], dlke]) + {(@[ky], ¢[ka]) (D[ka], d[ke])
listdummy := Block[[ . }.
= Union@Cases [wickcontractad, k, (r = a/; | NumericQ[a], m],’
= Permutations [ 1+
relabelings = Table | [0 - [k, 30, {%, Length| 1}, {1, Length| 1}1;
CanOrder | ] = First@Sort@Table| /. relabelings[i] /. - Sort@” // Sort, {|, Length[relabelings]}]
ClearAll [tograph]
tograph [ ] tm
tograph [ ] = List @@ /o K¢[k[a_]], ¢#[k[b_]]) = Rule[a[0], b[01] //
GraphPlot [~ // CanOrder, VertexLabeling - True, ImageSize —» 150] /.
Mawk (Teamadl 1 T /e ' Musmawmismnlr T1P1NT .. Mawk """y g
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wick [¢[k1] @ [kz] é[ka] é[ks]]

dlkyl, o[kel) (@lka]l, ¢[k3]) + (d[kyi], @[ka]) (@[ka]l, do[kg]l) + (@[k1], d[k2]) (@[Kka]l, ®[ks])
listdummy := Bloek[( . },
= Union@Cases [wickcontracted, K, (r ) =a/; | NumericQ[a], ao];
= Permutations [ 1+
relabelings = Table| [i] - [, i1, {k, Length[ 1}, {7, Length| 1}1:

]

CanOrder | ] 1= First@Sort@Table | /. relabelings([i] /. - Sort@n // Sort, {1, Length[relabelings]}]

ClearAll [tograph]

tograph [ ] 2=
tograph [ ] = List @@ /o (@[k[a_]], ¢[k[b_]]) =»Rule[s[0], ~[0]] // {
GraphPlot [~ // CanOrder, VertexLabeling » True, ImageSize -+ 150] /.
Text [Framed [ 1, 1/ | NumericQ[{c}[1]] » Text[""] &

ClearAll [connectedQ]

connectedQ[¥ ] i=

connectedQ[ ] =
(Listee x) /. (¢[k[a 1), ¢[k[D ]]) = Sequence[Rule[a0], H[0]), Rule[5[0], 2[0]]] // GraphDistanceMatrix //
FreeQ[7, ] &

Computing the Wick contractions

vertex[n ] := Block|{ = Unique[a]}, ]__[é[k ( ]]

ul
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Text [Framed [ 1 [P ] /3 | NumericQ[{c}[1]] =» Text[""] &

ClearAll [connectedQ]

connectedQ [ ] :=

connectedQ[ 1] =
(List@@ x) /. (¢[k[a ]), ¢[k[b _]]) » Sequence[Rule[a[0], 5[0]], Rule[5H[0], 2a[0]]] // GraphDistanceMatrix //
FreeQ[/, ] &

Computing the Wick contractions

vertex[: ] := Block|{ - Unique[al}, [ |k 1]]
=l

towick = ¢ [ky()] é[kz()] vertex[4] vertex([4];
EvenQ@Count [towick, ¢[_]]

True

towick = ¢[ky()] é[ka()] ¢#[ka)] vertex[3] vertex[3] vertex([3];
EvenQ@Count [towick, ¢ [_]]

towick = ¢ [ky()] ¢[kz()] vertex[3] vertex([5];
EvenQ@Count [towick, ¢[_]]

True

wickcontracted = Expand@wick @towick;
listdummy ;
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FreeQ[7, ] &

Computing the Wick contractions

vertex[n ] := Block| { = Unique[a]}, ]__[qb[k ( ]]
.1

towick = ¢ [ky()] ¢[kz()] vertex[4] vertex[4];
EvenQ@Count [towick, ¢[_]]

True

towick = ¢ [ky(y] é(ka)] ¢[ks)] vertex[3] vertex[3] vertex(3];
EvenQ@Count [towick, ¢[_]]

towick = ¢ [ky()] ¢#[kz()] vertex[3] vertex(5];
EvenQ@Count [towick, ¢#[_]]

True

towick = ¢ [ky[y] ¢ [kapy] é[kar)] ¢[kar)] vertex[3] vertex[3] vertex([4];

wickcontracted = Expand@wick @ towick;
listdummy ;

Plotting the (connected) Graphs
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vertex [ := Bloc

towick = ¢ [ky()] ¢ [kz()] vertex[4] vertex([4];
EvenQ@Count [towick, ¢[_]]

True

towick = ¢ [ky()] @[ka()] é[ky;)] vertex[3] vertex[3] vertex[3];
EvenQ@Count [towick, ¢ [_

towick = ¢ [ky[)] é[kz()] vertex[3] vertex([5];
EvenQ@Count [towick, ¢[_]]

True

towick = ¢ [ky()] ¢[kz()] é[ka(y] ¢[ks(;] vertex[3] vertex[3] vertex[4];
EvenQ@Count [towick, ¢[_]]; f

wickcontracted = Expand@wick @towick;
listdummy;

Plotting the (connected) Graphs
graphs = Monitor [Sum[If [connectedQ@wickcontracted[[.], tograph@wickcontracted[.], 0]
; {v, Length [wickcontracted]}], (ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

{ProgressIndicator(., {1, 135135}], ¢, 135135}

nicegraphs = Labeled [graphs /. - Labeled[ ’ 3— ’ Left] ’
1 51
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towick = ¢ [ky()] ¢ [kz()] vertex[4] vertex([4];
EvenQ@Count [towick, ¢[_]]

True

towick = ¢ [ky()] @[ka()] é[ky()] vertex[3] vertex[3] vertex([3];
EvenQ@Count [towick, ¢[_]]

towick = ¢ [ky[)] é[ka()] vertex[3] vertex([5];
EvenQ@Count [towick, ¢[_]]

True

towick = ¢[ky()] ¢[kz()] é[kary] ¢[ks(;] vertex[3] vertex[3] vertex[4];
EvenQ@Count [towick, ¢[_]]; f

wickcontracted = Expand@wick @towick;
listdummy;

Plotting the (connected) Graphs

graphs = Monitor [Sum[If [connectedQ@wickcontracted[.], tograph@wickcontracted[[.], 0]
s {v, Length [wickcontracted]}], (ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

{ , 10139, 135135}

nicegraphs = Labeled | graphs /. = Labeled |G, T Laft.‘ ’

'
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EvenQ@Count [towick, ¢[_]]

True

towick = ¢ [ky()] @[ka()] é[kyry] &[ks()] vertex[3] vertex[3] vertex[4];
EvenQ@Count [towick, ¢[_]];

wickcontracted = Expand@wick @ towick;
listdummy ;

Plotting the (connected) Graphs

graphs = Monitor [Sum[If [connectedQwickcontracted[[ ], tograph@wickcontracted([. ], 0]
, {v, Length[wickcontracted]}], {ProgressIndicator|., {1, Length|[wickcontracted]}], ., Length [wickcontracted]}];

{ ,» 19530, 135135}

nicegraphs = Labeled graphs /. - Labeled[ ’ ﬁ ’ Left] ’
1 !
" " Top]
Connected contribution from i?¢’«¢” to the two point fuction
! y

(¥
5]
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nicegraphs = Labeled |graphs /. ] Labeled[ ’ ﬁ ’ Left] ’
" " Top]

Connected contribution from *"'-,-‘-‘--,"-" to the two peint fuction

(8]

" "

Export [ (NotebookDirectory|[] <> ) » nicegraphs]

/Users/pvieira/Desktop/Dropbox/Physics/Courses/PSI Mathematica/2013/December 10/nicegraphs.pdf
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listdummy ;

Plotting the (connected) Graphs

graphs = Monitor [Sum[If [connectedQ@wickcontracted[[.], tograph@wickcontracted[[.], 0]
, {v, Length[wickcontracted])}], {ProgressIndicator|., {1, Length[wickcontracted]}], ., Length [wickcontracted]}];

{ ,» 46633, 135135}

nicegraphs = Labeled graphs /. > Labeled[ ’ 3—
1

,Left],
51!

ol Top]

12 3

Connected contribution from «¢” to the two point fuction

1 ”

(]
(%]

(5]
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graphs = Monitor [Sum|[If [connectedQ@wickcontracted[ ], tograph@wickcontracted[[.], 0]
s {v, Length [wickcontracted] }], {(ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

{ , 61288, 135135}
nicegraphs = Labeled | graphs /. - Labeled[ ’ ﬁ ’ Laft] ’
1 !
" ™ Top]
Connected contribution from i‘¢’«¢” to the two point fuction
: 4 N
| , )
( )
. .
6 .
()
)
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graphs = Monitor [Sum|[If [connectedQ@wickcontracted[ ], tograph@wickcontracted[[.], 0]
s {v, Length [wickcontracted]}], (ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

{ , 74253, 135135}

nicegraphs = Labeled | graphs /. - Labeled[ ’ 5—
1

e, Laft],

"

® Top]

143

Connected contribution from «¢° to the two point fuction

1 o
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graphs = Monitor [Sum|[If [connectedQ@wickcontracted[ ], tograph@wickcontracted[[.], 0]
s {v, Length [wickcontracted]}], {(ProgressIndicator[., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

{ , 80103, 135135}

nicegraphs = Labeled graphs /. - Labeled[ ’ 5—
1

=’ Left],

"

® Top]

143

Connected contribution from «¢° to the two point fuction

1 o

(¥}
[
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[wickcontracted]}], {ProgressIndicator (., {1, Length [wickcontrﬁcted] }1, v, Length [wickcontracted]}];

- Labeled[ ’ 3""‘—“r Left.] 7
(1

nicegraphs = Labeled | graphs /. -
!

™ Top]

Connected contribution from A‘¢’-¢° to the two point fuction
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wickcontracted = Expand@ewick @ towick;
listdummy ;

Plotting the (connected) Graphs

graphs = Monitor [Pare|[If [connectedQ@wickcontracted[[.], tograph@wickcontracted([.], 0]
s {v, Length (wickcontracted]}], {ProgressIndicator(., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

nicegraphs = Labeled |graphs /. - Labeled[ ’ # ’ Left] ’
1 1 41
" ", Top]
Connected contribution from «"‘;.‘..;" to the two point fuction
2 : 4
! / 2
2 - 2 - 2 - '
1 \ 4 | \
| 3 3
4 2
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EvenQ@Count [towick, ¢

wickcontracted = Expand@ewick @ towick;
listdummy ;

Plotting the (connected) Graphs

graphs = Monitor [Sum[If [connectedQ@wickcontracted[[ ], tograph@wickcontracted([[.], 0]
s {v, Length (wickcontracted] }], {ProgressIndicator(., {1, Length[wickcontracted]}], ., Length[wickcontracted]}];

{ProgressIndicator(., (1, 135135}], ¢, 135135}

nicegraphs = Labeled |graphs /. > Labeled[ ' ’ Left] '

31 3: 4
, Top|

Connected contribution from 1?¢*«¢° to the two point fuction

3

2 4
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