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Internal Utilities
Canonical Form:
CF [sd_SeriesData]
CF[5 ] :=
PPcs@ExpandDenominatore
ExpandNumeratore
Together [Expand[&] //. e e~ » &' /. e »eSl1];

:= MapAt[CF, sd, 3];

The Kronecker &:
K& /: K&¢ ,5 :=If[i===3,1,0];
Equality, multiplication, and degree-adjustment of
perturbed Gaussians; E[L, Q, P] stands for &9 p:
E/:E[L1 ,Q1 ,P1 )=E[L2 ,Q2 ,P2 ] :=
CF[L1 == L2] ACF[Q1 = Q2] ACF[Normal([PI - P2] == 0];
E/:E[L1 ,Q1 ,P1 JE[L2 ,Q2 ,P2 ] :=
E[L1+L2,Q1+0Q2, P1%P2];
E(L_,0Q ,P lg :=E[L,Q, Series[Normaler, {c, 0, $k}]];
Zip and Bind
Variables and their duals:
{t*, b*, y*, a*, x*, 2*} = {t, B, n, a, §, E};
{*sB*sn*,a", £*,2°)=(t, b, y, a, x, 2};
(u_¢ )" i= (u")
Finite Zips: (* Perhaps switch Expand to Collect[__, {]7*)
expand [sd SeriesData] := MapAt[expand, sd, 3];
expand[& ] := Expand[£];
Zip() [P_] :=P;
Zipis .~ 4[P_] :=
PPyip [ (expand[P // Zip )] /. f . &% 2 8(e,q)f) /. & > 0]
QZip implements the “Q-level zips” on E(L, Q, P) = Pe**?. Such
zips regard the L variables as scalars.
QZipys rist,simp @E[L_, Q_, P_] :=
PPqupoﬂodule[(g, z, 2S, C, ¥S, ns, qt, zrule, Q1, Q2},
zs = Table[Z*, (£, {5}];5
¢=0/.Alternatives @@ (<5 Jzs) » 0;
ys = Table[d. (Q /. Alternatives @@ zs » @), {Z, {5}];
ns = Table[d. (0 /. Alternatives @@ (s » 0), {z, z5}];
qt = Inverse@Table [KS,, .+ - 8;,:0, {5, &5}, {2, 25}];
zrule = Thread[zs -» qt. (zs +ys) ];
Q2= (Q1=c+ns.zs /. zrule) /. Alternatives @@ zs » 0;
simp /@ E[L, Q2, Det[qt] "% Zip,, [e¥ (P /. zrule)]] ];
QZiP;x_n‘-.x i= QZipn,cF;
Upper to lower and lower to Upper:
U2l = {BY » e PP, BP 5 e PP, TE 5 PPN,
TP-: 5 &Pt .R‘," > eP¥, g7 -0e°7°};
120 = {er_, by +d. ng/wy) .d’ e b+d_. ., p-c/(aY) ‘d,
e it TE/" ‘d’ et To/h °d,

v @y d 2 </ g
A =» A e,

P s R’é/y ‘a, PR
PL NN eEXM“e»};

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 @ and the {’s

are fanda.

S‘/M : A&/ﬂl M!)/J)M)T

Define[
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LZipy (ist,simp @E[L_, Q_, P_] 3=
PPizip@Module [ (£, Z, 25, C, ¥5, 115, 1t, zrule, L1, L2,
Q1, Q2},
zs = Table[&*, {&, £5)]);
c=1L/.Alternatives @@ ({5 |Jzs) » 0;
ys = Table[d, (L /. Alternatives @@ zs » @), {£, ¢5}];
ns = Table[d. (L /. Alternatives @@ ¢s -+ 0), {2z, 25}];
1t = Inverse@Table[K5;, .+ - 8;,-L, {Z, &5}, {2, z5}];
zrule = Thread[zs -» 1t. (zs +ys) ];
L2 = (L1 = c+ns.zs /. zrule) /. Alternatives @@ zs - 0;
Q2= (Q1=0Q/.U21 /. zrule) /. Alternatives @@ zs - 0;
simp /@
E[L2, Q2, Det[1t] e *®
Zip, [e*® (P /. V21 /. zrule)]] //. 120 ];
LZipss 1ise 2= LZipss,crs
Bind, [L_, R_] :=LR;
Bind(.-,”)[L_E, R_E)]
Times [
L/.Table[(v:b|B|t|T|a|X|y)i= Vieis
{1, (is}}]1,
R/.Table[(viB|c|a|RA|E|N) i Voeis {i, {i5}}]
1 /7 LZipPgiattenatable|(8,g1:trgisanesds {i:{is}}] 7/

i= PPgipi@Module[{n},

QZiPrratteneravle[(£,01,v00:). {4 (15))] 13
B ise[L_, R_] :=Bind, [L, R];
Bi. _[L_, R_] :=Bind{i} [L, R];
“Define” code
Define[lhs = rhs] defines the |hs to be rhs, except that rhs is
computed once and forever yet gets recomputed whenever $k

changes. Fancy Mathematica not for the faint of heart. Most readers
SetAttributes[Define, HoldAll];
Define[def , defs ] := (Define[def]; Define[
Define[op_;s =6&_] :=
Module[(SD, ii, jj, kk, isp, nis, nisp, sis}f
Blmk[(i: 3, K Lty
ReleaseHold [Hold[ C"\-/—

£s13) 5

SD [°pmsp,$k_lntqtn
PPgootesk@Block [ (i, j, k, M: OPisp, sk = &
OPis, sl 13 <

SD[0pysps OP(1s),5¢] 5

So[opsis__.‘ op{sis}];
17+ ¢

ispo {is} /. (isi, 33, k=k_},

nis - {is} /. (i Aii, -3, k+ kk},

nisp- (is} /. (A-1i , j»35_, k-kk },

SD - SetDelaye,

]

Booting Up
$k =2;
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De-Fine[ PrintPrg.le[] F >(
Zip: called 1785 times, time in 228.214/759.584 /

/\Lgam,m =E[(ai+aj) a, (e & + &) KE::]ik: ( 206)  7.726/ 51.122 under LZip /‘((,(//5/’/(
bms, g = E [ (85 + 83) bis (n5 +13) Yo Spinglh |l ( 206]  25.823/ 177.092 under QZip ,
$hel {1-¢rea]k (Byi xj)" ( 1293) 194.665/ 531.37@ under Z:ﬁ.p &OMAAU
Ri,j =E[h aj by, Bxyyi, e"[z W ]Sk’ (1293) 194,665/ 531.37@ above Zip 0
R&f) k=2 CF: called 31225 times, time in 72.464,/78.916
,j=If[$k =@, E[Bia;/h, ni &5/ h, 1], ( 29863 6.452/  6.452 under CF Q
MapAt [ { 618) 51.588/ 57.96@ under LZip
(# - e** coefficient[ { 126) e/ 8 under ProfileRoot
(Rosa=Bna= ((Pps51.0) e (Pt 1) ) 31, (618 1.504/ 14504 under QZip
- $k]} 8, I:P{i 1 “—1) i 3]], ( 29863) 6.452/ 6.452 above CF .
+1h Sk LZip: called 286 times, time in 17.418/126.5
as; = E[-a; a3, - & %, ( 206) 17.418/ 126.50@ under Bind
efik { 618) 51.588/ 57.96@ above CF
i k [ 286) 7.726/ 51.122 above Zip
s""[“”""[%"est[E"P“"d["} Opxy,2) #] & Qzip: called 206 times, time in 4.831,/195.627
S { 206) 4.831/ 195.627 under Bind
et k]}: {k, 0, skl]],;si,j-ami,jm ( 618) 14.504/ 14.504 above CF

as; = If [Sk =0, E[-ay a1, X4 A1 £1, 1], ‘( 286) 25.823‘; 1??.8?2 a.bove Zip
Bind: called 286 times, time in 1.262/323.389
MapAt

$k [ 136) 8.949,/ 274.936 under ProfileRoot
{”-e Cuefficient[ ( 26) B.e62/ 3.375 under Boot[1]
((35(1),0) sk~By~aSs~By~ (35(s} s ) i) 1315 ( 26)  ©.847/ 10.546 under Boot|[2]
e, $k]) & (350} 1) sks 3] ], ( 18)  ©.284/ 34.532 under Boot[3]
bS; = Ri,n~Bn~a5,~Bn~Pi,n,y [ 2086) 17.418/ 126.508 above LZip
BS; = Ri,n~Bn~35,~Bn~Py n, ( 206)  4.831/ 195.627 above QZip
Ali.g,k = (Rn,j R.hk)«Bn.mﬂvhl'l'ln,.‘_,]'-B]'-P]’i, Boot[3]: called 11 times, time in @.281/56.373
Bisi,k = (Ry,n Ri,m) ~Bn,m~aMp a1 ~B1~Pi 1, ( 5) 8.864,/ 34.813 under ProfileRoot
damj, .k = ( 6) 8.217/ 21.560 under Boot|[3]
(E[Bibi + ajaj, niyi+£5%4, 1] (adj.1,2~Ba~ab2,3,3) ( 18) 8.204/ 34.532 above Bind
(bAj, 1, 2~B.a~bA 3, 3, 3)) ~B3~353~B_3,3~ (P.1,3) ~ { 6) 9.217/ 21.568 above Boot|[3]
B_3,1~ (P_3,1) ~Bz,q,1,-2~ (@Mz,j. bMy, 3.k} , Boot[2]: called 18 times, time in 8.894,/108.686
Si = E[Bsi by + @5 8, N3 ¥n + £ Xn, 1] ~By,q~ (DS, aSy) ~ ( 16) 8.879/ 16.64@ under ProfileRoot
Br,m~ M, i s ( 2) @.815/ 8.846 under Boot|[2]
Big4,k = (DAil3,138542,4) ~B1,2,3,4~ (dM3, 4 dMy,2.5) 5 [ 26) 8.847/ 10.546 above Bind
Ri,; = Expand /@Ry, ~B;~dS;, { 2) 0.015/ ©.846 above Boot|[2]
i CCy = E[B, 8, B2 g auz]‘k, Boot[1]: called 2@ times, time in 6.63111'4.43?
[ = E[B, o, Bjl/2 "¢ airz]“, ( 12.1 e/ : 3.486 under ProfileRoot
i ( 8) 8.831/ 1.831 under Boot[1]
Kink; = (Ry,3 CC) By, 2~ My, 201~By, 5y, 301, ( 26)  0.062/ 3.375 above Bind
Kink; = {R_l,s CC:} ~By,2~dmy, 3,1 ~By,3~dMy 3,4, ( 2) o/ @ above Boot (@]
l (* t=ea-yb and b=-t/y+ea/y: *) ( 8) 9.831/ 1.831 above Boot|[1]
b2t; = E [ a5 - By ti /¥, & X + 11 Y1, P “’r']w, Boot[@]: called 2 times, time in @./@.
t2b; = E[ajaj-tivbj, §iXj+niyy, € 1]y ( 2) a/ @ under Boot[1l .
3 ProfileRoot: called @ times, time 1 ﬁ /
Monitor[TimingoBlock[{sk =1}, ([ 136) 3.949:_." 274.936 above Bind
e ( 126) a/ @ above CF
Z =Ry,5Rg,2 R3,7 CCy Kinkg Kinkg Kinkie; ( 12) e/ 3.406 above Boot[1]
Do(Z = Z~By,r~dMy, 1, {F5 2, 10}]5 ( 16)  8.879/ 10.648 above Boot|[2]
Simplify f@Z] ! r] ( 5] 8.864, 34.813 above Boot[3]
[112.813,
e, 8, e nBy (-ay (-1+8y -8} +B%)

1-By+Bf (1-B;+B})?

v (B -281 2B 2hxyyy + B} (3+2hxw)]) e .n[f:_'ZH
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