QZipy 1ist@E[L_, Q_, P_] :=
PPgzip@Module[ {&, z, zs, ¢, ys, ns, qt, zrule, Zrule, out},
zs = Table[Z&*, {&, &5}1;
c =CF[Q /. Alternativesee (s |Jzs) » 0] ;
ys = CF@Table[d, (Q /. Alternatives @@ zs - 0) ,
{8, &5}
ns = CF@Table[d, (Q /. Alternatives ee ¢s » @), {z, zs}];
gt = CFeInversee@Table [KS, o - 9,,-0, {&, &5}, {z, 25}];
zrule = Thread[zs » CF[qt. (zs+ys)1];
Zrule = Thread[Zs » &5 +ns.qt];
CF /@ E[L, c +ns.qt.ys,
Det[qt] Zips [P /. (zruleJZrule)]] ]1;

LZip implements the “L-level zips” on E(L, Q, P) = Pe"*C. Such zips
regard all of Pe? as a single”P”. Here the z’s are b and a and the
{sare Banda.

LZip_z:’s_List@]E[L_) Q_) P_] =
PP zip@Module[ (g, z, zs, Zs, C, ys, s, 1t, zrule,
Zrule, Zrule, Q1, EEQ, EQ},
zs = Table[Z*, {&, &5}];
Zs=25/.{b>B,t>T, a- A};
c=L/.Alternativesee ({s(Jzs) -0 /.
Alternatives @@ Zs - 1;
ys = Table[d: (L /. Alternatives @@ zs » 0), {&, £5}];
ns = Table[d, (L /. Alternatives ee s » 0), {z, zs}];
1t = Inverse@Table[KS, -~ - 8,,-L, {&, &5}, {z, z5}];
zrule = Thread[zs -» 1t. (zs +ys) ];
Zrule = Join[zrule,
zrule /.
r Rule:» ((U=rf1] /. {b>B, t>T, a-» A}) »
(U/.U21/.r //.12U))1;
Zrule = Thread[{s » &5 +ns.1t];
Q1 =Q /. (Zrule{ Zrule) ;
EEQ[ps___1] :=
EEQ[ps] =
PP ggor@ (CF [e_Ql Drhread[ {zs, {ps}}] [te] ] /.
{Alternatives @@ zs » @, Alternatives @@ Zs -» 1}) 8
CF@E[c +ns.1lt.ys,
Q1 /. {Alternatives @@ zs » @, Alternatives ee Zs -» 1},
Det[1t]
(Zips[(EQe@zs) (P /. (ZruleJgrule))] /.
Derivative[ps  J[EQ][___] = EEQ[ps] /.
_EQ->1) 1];

Bi[L_sR_] :=LR;
B{is_}[L_E, R_E] := PPg@Module[{n},
Times[
L/.Table[(v:b |B|t|T|a|X]|y)i= Vieis
{i, {is}}1,
R/.Table[(v:B|T|a|RA|E[nN)i-> Viei, {1, {i5}}]
1 // LZipjoineeTable[(fneistneisaneils {is{is}}] 7/
QZiP3oineetable[ (£ne1-vrei)s {1 {is}}] |3

Bis_ [L_, R_] :=B(is}[L, R];

E morphisms with domain and range.

Bis rist [Eq1 »r1 [L1_, Q1_, P1_1, Eaz »r2 [L2_, Q2_, P2_]] :=
E (d1complement [d2,is] )~ (r2UComplement [r1,is]) @@
Bis[E[L1, Q1, P1], E[L2, Q2, P2]];
Ed1 sz [L1_, Q1_, P1_] // Eaz 5r2 [L2_, Q2_, P2_]
Bringz [Edisr1 [L1, @1, P1], Ea2sr2[L2, @2, P2]];
Egz »r2 [L1_, Q1 _, P1_] =Ea 4r2 [L2_, Q2_, P2_] ":=
(d1 ==d2) A (r1=r2) A (E[L1, Q1, P1] = E[L2, Q2, P2]);
Eq1 »r1 [L1_, Q1_, P1_]1Eg ,r2 [L2_, Q2_, P2_] ":=
E (d1yd2)»(r2ur2) @@ (E[L1, Q1, P1] xE[L2, Q2, P2]);
Egr [L_, Q5 P_lgr :=Eaq @REI[L, Q, Plgs
E_[&__1[1_1:={&}011;
E[A]
]Edr_ [4] :=
CFeModule[{L, A0 = Limit[4, € » @]},
Eg[L=40 /. (n]y|&|X)_-»0,0-L, e""“’]sk /. 12U]

Exponentials as needed.
Task. Define Exp,,; ([Pl to compute @®") to €Xin the using the m; ;,;
multiplication, where P is an e-dependent near-docile element,
giving the answer in E-form.
Methodology. If Py := Pe—g and ! ") = O(e*™ F(A)), then
F(A=0)=1and we have:
(D(e"PO(PO F(A) +6AF)) = O(aAeAPO F(/\)) = .
8,0(e*"0 F(A)) = 6,62 9P = 2 O O(P) = O(e*™0 F(A)) O(P)
This is a linear ODE for F. Setting inductively Fy = Fj_; + € @ we find
that Fy = 1 and solve for ¢.
(* Bug: The first line is valid only if O (e")==e®®o). x)
Expy ,i ,e[P_1 := Module[{LQ = NormaleP /. € -» 0},
E[LQ/. (x|y)i=»0, LQ/. (b]a|t);-»0,1]];
EXp, ,i ,» [P_] := Block[{$k = k},
Module[(Pe, A, ¢, ¢s, F, j, rhs, eqn, pows, ato, ata},
PO = NormaleP /. € -» 0;
F = NormalelLast@Exp,, i .-1[1P];
While [
rhs =
mi,jai[
E.(i}[AP0 /. (x|y): >0, AP0 /. (b]a|t); >0,
Flr soi,i@E (. (1} [O, 0, Plk] 7/ Last // Normal;
eqn = CF[ (8,F) + POF - rhs];
eqn =!=0, (*dox)
pows = First /@ CoefficientRules[eqn, {yi, bi, ai, Xi}1;
F += Sum[e” ojs [1] Times @@ {y:, b, ai, X:}7°,
(ds, pows}];
rhs =
mi,j-»i[
E.(i}[AP0 /. (x|y): >0, AP0 /. (b]a|t); >0,
Flk S0i.j@E (1} [0, @, P];] // Last // Normalj;
eqn = CF[ (8,F) + POF - rhs];
¢s = Table[pjs [A], {Js, pows}];
ato = Table[¢;s[@] = @, {Js, pows}];
atA = (#:=20) &/@
(pows /. CoefficientRules[eqn, {yi, bi, ai, Xi}1);
F=F /. DSolve[Andee (at@|JatA), ¢s, A][1]
1s
E.(i}[PO /. (X|y)i>@, PO /. (b|a]|t); -0,
F+0[e]™ /. 2>1]] ]

“Define” Code

Video and more: http://www.math.toronto.edu/~drorbn/Talks/CRM-1907,
http://www.math.toronto.edu/~drorbn/Talks/UCLA-191101.
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