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Program

Domain@f_ListD := First �� f;

f_ � key_ := DeleteCases@f, key ® _D;

f_ � keys_List := Fold@ð1 � ð2 &, f, keysD;

f1_List º f2_List := Domain@f1D === Domain@f2D && HAnd �� H
HHð �. f1L º Hð �. f2LL & �� Domain@f1D

LL;

LieMorphism@mor_D@f_ListD := MapAt@LieMorphism@morD, f, 8All, 2<D;

Domain@M@f_List, _DD := Domain@fD;

M@Λ1_, Ω1_D º M@Λ2_, Ω2_D := HΛ1 º Λ2L && HΩ1 º Ω2L;

M@_, Ω_D@WD := Ω;

M@Λ_, _D@x_D := Hx �. ΛL;

CC@u_, Γ_LieSeriesD := LieMorphism@Xu\ ® Ad@ΓD@Xu\DD;

CCu_@Γ_D := CC@u, ΓD;

RC@u_, Γ_LieSeries, ub_D@ser_D :=

StableApply@LieMorphism@Xu\ ® Ad@ΓD@Xub\DD, serD;

RC@u_, Γ_LieSeriesD@ser_D := ser �� RC@u, Γ, XΥ\D �� LieMorphism@XΥ\ ® Xu\D;

RCu_@Γ_D := RC@u, ΓD;

J@u_LW, Γ_D := ModuleB8s<, à
0

1HΓ �� RCu@s ΓD �� divu �� CCu@-s ΓDL âsF;

J@u_, Γ_D := J@Xu\, ΓD;

Ju_@Γ_D := J@u, ΓD;

M �: M@Λ1_, Ω1_D Ü M@Λ2_, Ω2_D := M@Λ1 Ü Λ2, Ω1 + Ω2D;

M �: M@Λ1_, Ω1_D M@Λ2_, Ω2_D := M@Λ1 Ü Λ2, Ω1 + Ω2D;

tΣ@us_List ® vs_ListD@ser_LieSeries ser_CWSeries ser_ListD :=

ser �� LieMorphism@Thread@HLW �� usL ® HLW �� vsLDD;

tΣ@u_, v_D := tΣ@8u< ® 8v<D;

tΣ@uvs__D@Μ_M D := tΣ@uvsD �� Μ;

hΣ@xs_List ® ys_ListD@Λ_ListD := Union@Λ � xs, Thread@ys ® Hxs �. ΛLDD;

hΣ@x_, y_D := hΣ@8x< ® 8y<D;

hΣ@xys__D@M@Λ_, Ω_DD := M@Λ �� hΣ@xysD, ΩD;

dΣ@abs__D@Μ_D := Μ �� tΣ@absD �� hΣ@absD;

hΗ@x_D@M@Λ_, Ω_DD := M@Λ � x, ΩD;

tm@u_, v_, w_D@Λ_ListD := Λ �� LieMorphism@Xu\ ® Xw\, Xv\ ® Xw\D;

tm@u_, v_, w_D@M@Λ_, Ω_DD := LieMorphism@Xu\ ® Xw\, Xv\ ® Xw\D �� M@Λ, ΩD;

hm@x_, y_, z_D@Λ_ListD := Union@Λ � 8x, y<, 8z ® BCH@x �. Λ, y �. ΛD<D;

hm@x_, y_, z_D@M@Λ_, Ω_DD := M@Λ �� hm@x, y, zD, ΩD;

tha@u_, x_D@Λ_ListD := MapAt@RC@u, x �. ΛD, Λ, 8All, 2<D;

tha@u_, x_D@M@Λ_, Ω_DD :=

M@Λ �� tha@u, xD, HΩ + J@u, x �. ΛDL �� RC@u, x �. ΛDD;

dm@a_, b_, c_D@Μ_D := Μ �� tha@Xa\, bD �� tm@Xa\, Xb\, Xc\D �� hm@a, b, cD;
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tD@u_, v_, w_D@Μ_M D := LieMorphism@Xu\ ® Xv\ + Xw\D �� Μ;

hD@x_, y_, z_D@M@Λ_, Ω_DD := M@Union@Λ � x, 8y ® Hx �. ΛL, z ® Hx �. ΛL<D, ΩD;

dD@a_, b_, c_D@Μ_M D := Μ �� tD@a, b, cD �� hD@a, b, cD;

tS@u_D@Μ_M D := LieMorphism@Xu\ ® -Xu\D �� Μ;

hS@x_D@M@Λ_, Ω_DD := M@Union@Λ � x, 8x ® -Hx �. ΛL<D, ΩD;

dS@a_D@Μ_D := Μ �� tS@aD �� hS@aD �� tha@a, aD ;

tA@u_D@expr_D := expr;

hA@x_D@M@Λ_, Ω_DD := M@Union@Λ � x, 8x ® -Hx �. ΛL<D, ΩD;

dA@a_D@Μ_D := Μ �� hA@aD �� tha@a, aD;

dc@a_D@Μ_D := Μ �� hS@aD �� tha@a, aD �� hS@aD �� hΗ@aD;

tΕ@u_D := M@8<, MakeCWSeries@0DD;

hΕ@x_D := M@8x ® MakeLieSeries@0D<, MakeCWSeries@0DD;

dΕ@a_D := tΕ@aD Ü hΕ@aD;

Ρ+@u_, x_D := M@8x ® MakeLieSeries@Xu\D<, MakeCWSeries@0DD;

Ρ-@u_, x_D := M@8x ® MakeLieSeries@-Xu\D<, MakeCWSeries@0DD;

R+@a_, b_D := Ρ+@a, bD Ü M@8a ® MakeLieSeries@0D<, MakeCWSeries@0DD;

R-@a_, b_D := Ρ-@a, bD Ü M@8a ® MakeLieSeries@0D<, MakeCWSeries@0DD;

R@a_, b_, p_D �; a ¹ b :=

M@8a ® MakeLieSeries@0D, b ® MakeLieSeries@p Xa\D<, MakeCWSeries@0DD;

R@a_, a_, p_D := M@8a ® MakeLieSeries@p Xa\D<, MakeCWSeries@0DD;

Q@a_, b_, p_D := HR@a, a, p � 2D �� dD@a, a, bDL ** R@a, a, - p � 2D ** R@b, b, - p � 2D;

Q@a_, b_D := Q@a, b, 1D;

M �: Μ1_M ** Μ2_M := Module@8d1, d2, dom, Μ1p = Μ1, Μ2p = Μ2, s<,

8d1 = Domain@Μ1D, d2 = Domain@Μ2D, dom = Union@d1, d2D<;

Do@Μ1p = Μ1p Ü dΕ@aD, 8a, Complement@d2, d1D<D;

Do@Μ2p = Μ2p Ü dΕ@aD, 8a, Complement@d1, d2D<D;

s = Max@domD - Min@domD + 1;

Do@Μ2p = Μ2p �� dΣ@a, a + sD, 8a, dom<D;

Fold@Hð1 �� dm@ð2, ð2 + s, ð2DL &, Μ1p Ü Μ2p, domD
D;
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