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Pensieve header: The “Speedy” engine, from pensieve://Projects/SL2Portfolio2/.

Program

The “Speedy” Engine

Program

Internal Utilities
Program

Canonical Form:
Program

m-=  CCF[& ] := PPCCF@ExpandDenominator'@ExpandNumerator@PPTogether@Together[PPExp[
Expand[£] //. - e~ » e /. e » e FII]];
CF[& List] :=CF /e &;
CF[sd_SeriesData] := MapAt[CF, sd, 3];
CF[& ] := PPce@Module|
{vs=cases[s, (y|b|t]|a|x|n|B|t|a]|§) ,=]Uly,b,t,a, x,n, 8, t,a £}},
Total[CoefficientRules [Expand[&£], vs] /. (ps_ - c_) = CCF[c] (Timeseevs™)]
[E

CF[& E] :=CF/@&; CF[Es, [&5__ 1] :=CF/@E,,[&5];

Program
The Kronecker o:
Program
nop= K& /:Ké; 5 i=If[i===3,1,0];
Program
Equality, multiplication, and degree-adjustment of perturbed Gaussians; E[L, Q, P] stands for e-*? P:
Program

mep= E/:E[LI_, Q1 ,P1 ]1=E[L2 ,Q2 ,P2] :=
CF[L1 = L2] ACF[Q1 == 02] ACF[Normal[P1 - P2] == 0] ;
E/:E[L1 ,Ql ,P1 ]E[L2 ,Q2 ,P2 ] :=E[L1+L2, Q1+Q2, P1+P2];
E[L ,Q ,P lg :=E[L, Q, Series[NormaleP, {e, 0, $k}1];

Program
Zip and Bind
Program
Variables and their duals:

Program

In[«]:= {t*, b*, y*, a*, x*, z*} = {z, B, n, a, &, &};
{t*, B*y ", a*, &, 8"} = {t, b, y, a, X, 2}; (u_i_)* t= (u*)i;
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Program
mop= U21 = {Bﬁ?—' > @ PR¥bi pBP. @ PRYD TR | @PAY TP | @PRY gP - | @PYN  gP - ep”"};
12U = {eC_. b; +d_. . B—EC/(hT) ed’ e’-- b+d_. N B—C/ (aYy) ed,
e’-* ti +d_. . Tg/h ed’ e’ t+d . N Tc/ﬁ ed,
P a; +d_. . ‘ﬂ({'/)' ed, et~ a+d_. o ‘ﬂc/y ed,
S . Expandes) .
e’ > e },
Program

m1= Dp[f_] t=08pf-hAyBogf; Do, [f_] t=0p,f-h¥yBidef;
Dt[f_ ] :=0tf+hATOrf; Dt, [f_ ] :=0¢,f+hT;0rf;
Do[f_ 1 := 0uf +¥ AOafs5 Do, [f_ ] = 0a,f+¥Rilaf;
Dy [f_1 :=0uf;5 D ,ey [f_1 :=F5 Dy[f_1 := 15 Dy ,n tntegery [f_1 =Dy [Dey,n-13 [F11;
Dyt rist,es y[f_1 ¢=Dusy D15

Program
Finite Zips:

Program

Infe]= collect[sd SeriesData, & ] := MapAt[collect[#, £] &, sd, 3];
collect[& , £ ] := PPcorrect@Collect[s, &1
Zip [P_] :=P;
Zips [Ps_List] :=Zips /@Ps;
Zipe o 3[P_1 = PPy
(collect[P // Zip(ry, &1 /v f . &% (Dyee,ay [F1)) /. &* >0 /.
((¢*7.{b>B, t>T,a>a}) »>1)]

Program

QZip implements the “Q-level zips” on E(L, Q, P) = €-*? P(€). Such zips regard the L variables as scalars.

(Pl gl)es 5 —|g) <P<z,-, {i)ec
zi—q (2 +yk)

- izky . . .
= |g|ec T <P (Qf(z;c + i), ¢ + n’q;’)> :

Program
QZipyss 1ist@E[L_, Q , P ] := PPQZip@Module[{g, z, zs, ¢, ys, ns, qt, zrule, Zrule, out},
zs = Table[Z&*, {&, £51}];
¢ =CF[Q /. Alternatives ee (¢5zs) - 0];
ys = CF@Table[o. (¢ /. Alternatives @@ zs » @), {Z, £5}];
ns = CFeTable[d, (0 /. Alternatives @e ss » @), {z, zs}];
qt = CF@eInverse@Table[KS,, -+ - 0,,-0, {&, &5}, {z, z5}];
zrule = Thread[zs » CF[qt. (zs +ys)11];
Zrule = Thread[s -» &5 +ns.qt];
CF /@ E[L, c+ns.qt.ys, Det[qt] Zips [P /. (zruleUgrule)]] ];

Program

Upper to lower and lower to Upper:
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Program

Inf]:=

Program

Program

Program

Inf]:=

U2l = {Bﬁ-’:' - @ Ph¥bi pp . g PAYb, T > @PBti ) TP P2t A > @PYN, AP ep”"};
12U = {ec_. bi+d_. ., BIC/(BY) g @c - bed ., B=c/(BY) gd

@€ T, TC/R gd | @€ -t . oy /R gd

P a; +d_. . -ﬂ‘{-/Y ed, et~ a+d_. o ‘ﬂcly <ed“

e’ eExpand@é)};

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

LZip;’s_List@]E [L_,Q ,P_] :=
PP._Zip@Module[{;', z, zs, Zs, c, ys, ns, 1t, zrule, Zrule, Zrule, Q1, EEQ, EQ},
zs = Table[Z*, {&, £5}1;
Zs=2zs /. {b>B, t->T, a-> A};
c =L /. Alternatives ee (;sUzs) - 0;
ys = Table[d: (L /. Alternatives eezs - @), {&, ¢5}];
ns = Table[d, (L /. Alternatives ee ¢s - @), {z, zs}];
1t = InverseeTable [KS, ¢ - 0,,-L, {&, {5}, {z, 25}];
zrule = Thread[zs -» 1t. (zs+ys)];
Zrule = Join[zrule,
zrule /. r_Rule: ((U=r[il /. {b>B, t>T,a»A}) » (U/. U021 /.r //.120))];
Zrule = Thread[&s » &5 +ns.1t];
QL =Q /. (zZruleUgrule);
EEQ[ps___] := EEQ[psS] = PPgp-@
(CF[@ ™ Drhreadzs, psy31 [€¥'] ] /- {Alternatives eezs » @, Alternatives @@ Zs - 1});
CFeE [c +7ns.1lt.ys, Q1 /. {Alternatives @@ zs » 0, Alternatives @@ Zs - 1},
Det[1t] (Zips[(EQe@zs) (P /. (zruleUcgrule))] /.

Derivative[ps___][EQI[___] = EEQ[ps] /. _EQ-1) ]];

By [L_, R ] :=LR;
Biis y[L_E, R_E] := PPg@Module[{n},
Times |
L/.Table[(v:b|B|t|T|a|X|y); Vieis {i, {i5}}],
R/.Table[(v:B |t |a|RA|E|N)i- Viei> {i, {i5}}]
] // LZiPJoin@@Table[{ﬁ"@i,rn@i,an@i),{i,{is)}] // QZipJoin@@Table[(§n@i,yn@i),{i,{is)}] ]5
Bis [L_, R_]1 :=Bisy[L, R];
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Program

E morphisms with domain and range.
Program

In[«]:= Bis_List []Edl_-wl_ [L1_,Q1_,P1_], Ed2 »r2_ [L2_, Q2_, P2_]] :=
]E(d1UComp1ement[dz,is])-»(rzUComplement[rl,is]) @@B;; []E [le Ql) Pl] > E [LZJ QZJ PZ] ]3
Eq1 or1 [L1_, Q1_, P1_] // Ea2 5r2 [L2_, Q2_, P2_] :=
Brlndz []Edl—wl [L1) QIJ Pl] > Eqzour2 [LZJ QZJ P2] ]3
Eg; ez [L1_,Q1_, P1_] =Eg; 5r2 [L2_, Q2_, P2_] ":=
(d1 = d2) A (r1=r2) A (E[L1, Q1, P1] = E[L2, Q2, P2]);
Edlf-»rlf [Ll_) Ql_: Pl_] Edzf-»rzi [LZ_J QZ_: P2_] A=
E (d1yd2) -» (r1Ur2) @@ (]E [L1, Q1, PI] E[L2, Q2, P2] )S
Eqg o [L_,0Q 5P lsr :=Eg,-@RE[L, Q, P]gr;
E_[& __][i_] := {S}[1D;

Program
“Define” Code

Program
Define[lhs = rhs, ...] defines the lhs to be rhs, except that rhs is computed only once for each value of
Sk. Fancy Mathematica not for the faint of heart. Most readers should ignore.

Program

Inf+]-= SetAttributes [Define, HoldAll];
Define[def_, defs__] := (Define[def]; Define[defs];);
Define[op_;; =6&_] := Module[{SD, ii, jj, kk, isp, nis, nisp, sis}, Block[{i, j, k},
ReleaseHold [Hold [

SD [0Pnisp, $k_Integers PPgoot @Block [ {i, j, k}, OPisp,$k = &3 OPnis,$k] s
SD[Opisps OP(isy,$k]5 SD[OPsis 5 OP(sisy]s
1 /. {SD - SetDelayed,
isp-» {is} /. {i»1i_,j-»Jj_, k-»>k_},
nis -» {is} /. {i-ii, j-» jj, k » kk},
nisp » {is} /. {i-»ii_, j-»jj_, k> kk_}
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