
Pensieve header: The Free Lie / Lazy Evaluation Abstraction Challenge.

MakeLieSeries@ser_Symbol, expr_D := H
ser@D = Hold@MakeLieSeries@ser, exprDD;

ser@d_IntegerD := ser@dD = Expand@expr �. w_LW �; Deg@wD ¹ d ® 0D;

LieSeries@serD
L;

AddLieSeries@ss___LieSeriesD := AddLieSeries@ssD = Module@8ser<,

ser = Unique@AddLieSeriesD;

ser@D = Hold@AddLieSeries@ssDD;

ser@d_IntegerD := ser@dD = Plus �� HHð@dDL & �� 8ss<L;

LieSeries@serD
D;

b@s1_LieSeries, s2_LieSeriesD := b@s1, s2D = Module@8ser<,

ser = Unique@bD;

ser@D = Hold@b@s1, s2DD;

ser@d_IntegerD := ser@dD = Sum@
b@s1@kD, s2@d - kDD,

8k, 1, d - 1<
D;

LieSeries@serD
D;

LieDerivation@der_Symbol, rules_ListD := H
der@D = Hold@LieDerivation@der, rulesDD;

Hder@w_LWD �; Deg@wD � 1L :=

Hder@wD = MakeLieSeries@w �. Append@rules, _LW ® 0DDL;

der@w_LWD := der@wD = Module@8x, y<,

8x, y< = LyndonFactorization@wD;

AddLieSeries@b@der@xD, yD, b@x, der@yDDD
D;

der@s_LieSeriesD := der@sD = Module@8ser<,

ser = Unique@LieDerivationOnLieSeriesD;

ser@D = Hold@der@sDD;

ser@d_D := ser@dD = Sum@
der@s@kDD@dD,

8k, 1, d<
D;

LieSeries@serD
D;

der@as_ASeriesD := Omitted;

der@cws_CWSeriesD := Omitted;

der@expr_D@d_D :=

Expand@expr �. 8w_LW ¦ der@wD@dD, s_LieSeries ¦ der@sD@dD<D;

LieDerivation@derD
L;
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BCHBase = Module@8bch<,

bch = Unique@"BCHBase"D;

bch@D = Hold@BCHBaseD;

bch@1D = X"x"\ + X"y"\;

bch@d_IntegerD := bch@dD = Expand@Plus@
adSeries@E^H-adL, MakeLieSeries@X"y"\DD@MakeLieSeries@X"x"\DD@dD,

-adSeries@H1 - E^H-adLL � ad - 1, LieSeries@bchDD@
EulerE@LieSeries@bchDDD@dD

D � dD;

LieSeries@bchD
D;

JA@-1, ___D = MakeCWSeries@0D;

JA@n_, y_LW, Μ_LieSeries, ss_D := JA@n, y, Μ, ssD = Module@
8s, sΜ, Μs<,

sΜ = ScaleLieSeries@s, ΜD;

Μs = StableApply@LieMorphism@8y ® Ad@ScaleLieSeries@1, sΜDD@LW@zDD<D, ΜD;

Μs = Μs �� LieMorphism@8LW@zD ® y<D;

IntegrateCWSeries@
AddCWSeries@

JA@n - 1, y, Μ, sD �� LieDerivation@8y ® b@Μs, yD<D,

div@y, Μs D
D,

8s, 0, ss<
D

D;

JA@y_LW, Μ_LieSeriesD := JA@y, ΜD = Module@8cws, s<,

cws = Unique@JAD;

cws@D = Hold@JA@y, ΜDD;

cws@d_IntegerD := cws@dD = JA@d - 1, y, Μ, sD@dD �. s ® 1;

CWSeries@cwsD
D;
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