
Pensieve header: The free-Lie meta-crossed-product structure.

SetDirectory@"C:\\drorbn\\AcademicPensieve\\2012-07"D;

<< ../Projects/FreeLie/FreeLie.m

ΛCollect@Λ@Ω_, Μ_DD := Λ@Ω, Collect@Μ, _h, ExpandDD;

Λ �: Series@Λ@Ω_, Μ_D, d_IntegerD := Λ@Ω, Collect@Μ, _h, MakeLieSeries@d, ðD &DD;

RandomΛ@d_, m_, n_D := Module@8bas<,

bas = AllLyndonWords@8d<, Characters@StringTake@"1234567890", mDDD;

Series@Λ@0, Expand@Sum@
h@jD HRandomInteger@8-2, 2<, Length@basDD.basL,

8j, n<
DDD, dD �� ΛCollect

D;

hL@Λ_D := Union@Cases@Λ, h@s_D ¦ s, InfinityDD;

Λ �: Λ@Ω1_, Μ1_D � Λ@Ω2_, Μ2_D :=

Ω1 � Ω2 && HAnd �� HHD@Μ1, h@ðDD � D@Μ2, h@ðDDL & �� hL@8Μ1, Μ2<DLL;

tm@x_, y_, z_D@Λ@Ω_, Μ_DD := Λ@0, Μ �� LieMorphism@8Xx\ ® Xz\, Xy\ ® Xz\<DD;

hm@x_, y_, z_D@Λ@Ω_, Μ_DD := Λ@0, Plus@
Μ �. 8h@xD ® 0, h@yD ® 0<,

h@zD BCH@D@Μ, h@xDD, D@Μ, h@yDDD
DD;

hta@x_, y_, z_D@Λ@Ω_, Μ_DD := Λ@0,

FixedPoint@LieMorphism@8
LW@yD ® Ad@-D@Μ, h@xDDD@LW@zDD

<D,

ΜD
D;

hta@x_, y_D@Λ_D := Λ �� hta@x, y, LW@"z"DD �� LieMorphism@8LW@"z"D ® LW@yD<D;

dm@x_, y_, z_D@Λ_D := Λ �� hta@y, xD �� tm@x, y, zD �� hm@x, y, zD;

Rp@x_, y_D := Λ@0, h@yD Xx\D;

Λ �: Λ@Ω1_, Μ1_D Λ@Ω2_, Μ2_D := Λ@Ω1 + Ω2, Μ1 + Μ2D;
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8Λ0 = RandomΛ@4, 3, 1D,

Λ0 �� tm@1, 2, 2D,

t1 = Λ0 �� tm@1, 2, 2D �� tm@2, 3, 3D,

Λ0 �� tm@2, 3, 3D,

t2 = Λ0 �� tm@2, 3, 3D �� tm@1, 3, 3D,

t1 � t2

< �� ColumnForm

Λ@0, h@1D LieSeries@2 X1\ + X2\ - 2 X3\, -2 X12\ - X13\ - 2 X23\, -2 X112\ + 2 X113\ - 2 X122\ + 2 X123

Λ@0, h@1D LieSeries@3 X2\ - 2 X3\, -3 X23\, X223\ - 3 X233\, X2223\ + 4 X2333\DD
Λ@0, h@1D LieSeries@X3\, 0, 0, 0DD
Λ@0, h@1D LieSeries@2 X1\ - X3\, -3 X13\, -3 X133\, X1113\ - X1133\DD
Λ@0, h@1D LieSeries@X3\, 0, 0, 0DD
True



8Λ0 = RandomΛ@4, 2, 3D,

Λ0 �� hm@1, 2, 2D,

t1 = Λ0 �� hm@1, 2, 2D �� hm@2, 3, 3D,

t2 = Λ0 �� hm@2, 3, 3D �� hm@1, 3, 3D,

t1 � t2

< �� ColumnForm

Λ@0, h@3D LieSeries@2 X1\, X12\, 2 X112\ + 2 X122\, X1112\ + 2 X1122\D + h@1D LieSeries@-2 X1\ -

ΛA0, h@3D LieSeries@2 X1\, X12\, 2 X112\ + 2 X122\, X1112\ + 2 X1122\D + h@2D LieSeriesA-4 X1\ -

ΛA0, h@3D LieSeriesA-2 X1\ - 3 X2\, 4 X12\, -6 X112\ +
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19 X122\
3

,
10 X1112\

3
-

47 X1122\
6

+
29 X1222\

6
EE

True

8t = Series@Rp@1, 3D Rp@2, 4D, 4D,

t �� hm@3, 4, 3D,

t �� hta@3, 2, 5D
< �� ColumnForm

Λ@0, h@3D LieSeries@X1\, 0, 0, 0D + h@4D LieSeries@X2\, 0, 0, 0DD
ΛA0, h@3D LieSeriesAX1\ + X2\,
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ΛA0, h@3D LieSeries@X1\, 0, 0, 0D + h@4D LieSeriesAX5\, X15\,
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8Λ0 = RandomΛ@4, 2, 3D,

Λ0 �� hta@1, 1D,

Λ0 �� hta@1, 1D �� hta@2, 1D,

t1 = Λ0 �� hta@1, 1D �� hta@2, 1D �� hm@1, 2, 1D,

t2 = Λ0 �� hm@1, 2, 1D �� hta@1, 1D,

t1 � t2

< �� ColumnForm

Λ@0, h@1D LieSeries@0, -2 X12\, -X112\, 2 X1222\D + h@3D LieSeries@2 X2\, X12\, -X112\ - 2 X122

Λ@0, h@1D LieSeries@0, -2 X12\, -X112\, -4 X1122\ + 2 X1222\D + h@3D LieSeries@2 X2\, X12\, -X112

ΛA0, h@1D LieSeries@0, -2 X12\, -X112\ + 4 X122\, -2 X1222\D + h@3D LieSeries@2 X2\, X12\, -X112

Λ@0, h@3D LieSeries@2 X2\, X12\, -X112\ - 4 X122\, 2 X1112\ + 2 X1122\ + 6 X1222\D + h@1D LieSeries

Λ@0, h@3D LieSeries@2 X2\, X12\, -X112\ - 4 X122\, 2 X1112\ + 2 X1122\ + 6 X1222\D + h@1D LieSeries
True

8Λ0 = RandomΛ@3, 4, 4D,

Λ0 �� dm@1, 2, 1D,

t1 = Λ0 �� dm@1, 2, 1D �� dm@1, 3, 1D,

t2 = Λ0 �� dm@2, 3, 2D �� dm@1, 2, 1D,

t1 � t2

< �� ColumnForm

Λ@0, h@1D LieSeries@X2\ - X4\, X12\ - X14\ + 2 X34\, 2 X112\ + X113\ - 2 X122\ + 2 X123\ - 2 X124\ + X
ΛA0, h@1D LieSeriesAX1\ + 2 X3\ - 2 X4\, 7 X13\ -
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E + h@4D LieSeriesA-2 X1\ + 2 X4\, -4
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E + h@4D LieSeriesA-2 X1\ + 2 X4\, -4

True
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8Λ0 = RandomΛ@3, 4, 4D,

Λ0 �� dm@1, 2, 1D,

t1 = Λ0 �� dm@1, 2, 1D �� dm@1, 3, 1D,

t2 = Λ0 �� dm@2, 3, 2D �� dm@1, 2, 1D,

t1 � t2

< �� Timing

:240.771,

:Λ@0, h@2D LieSeries@-X2\ + X3\ - X4\, 2 X13\ - 2 X14\ + X23\ + 2 X24\ + X34\, -X112\ + 2 X113\ +

X122\ - X123\ + X124\ + X134\ - X142\ - 2 X143\ - X144\ -

X224\ - X234\ + 2 X243\ - X244\ - X334\ + 2 X344\D +

h@1D LieSeries@-X1\ + 2 X2\ - 2 X3\ + X4\, 2 X12\ + 2 X13\ + X14\ + 2 X23\ - 2 X34\,

-X112\ - 2 X113\ + X114\ - 2 X122\ - X123\ - X124\ + 2 X134\ - 2 X142\ +

X143\ + X223\ + X233\ - X234\ - X243\ - 2 X244\ - X334\ - 2 X344\D +

h@3D LieSeries@-X2\ + 2 X3\ + X4\, 2 X12\ - 2 X13\ + X14\ + 2 X23\,

-2 X112\ - X113\ + X114\ - X122\ + 2 X123\ - X124\ - 2 X134\ + X142\ + 2 X143\ +

2 X223\ - 2 X224\ - X233\ - 2 X234\ + X243\ - 2 X244\ - 2 X334\ + X344\D +

h@4D LieSeries@-X1\ - 2 X3\ + 2 X4\, 2 X12\ - X13\ - X14\ - X23\ - X24\ - 2 X34\,

-X112\ - 2 X113\ - X114\ - 2 X122\ - X123\ - X124\ + X132\ - X133\ - X134\ - X142\ -

X143\ - 2 X144\ - X223\ - X224\ + 2 X233\ - 2 X243\ + X244\ + X334\ - X344\DD,

ΛB0, h@1D LieSeriesB-X3\,
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ΛB0, h@1D LieSeriesBX4\, X14\, -
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