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Internal Utilities
Canonical Form:
CF [sd_SeriesData)
CF[&5 ] :=
PP¢r @ExpandDenominatore
ExpandNumeratore@
Together [Expand[5] //. e* &~ » e /. ' e l];
The Kronecker &:
K6 /: K¢ ,; :=If[i===3,1,0];
Equality, multiplication, and degree-adjustment of
perturbed Gaussians; E[L, Q, P] stands for "*° P:
E/:E[L1_,Q1_,P1_]=E[L2_,0Q2_,P2] :=
CF[L1 == L2] ACF[Q1 = Q2] ACF[Normal[P1 -P2] =0];
E/:E[L1 ,01 ,P1 1E[L2 ,Q2 ,P2 ] :=
E[L1+L2, Q1+0Q2, P1%P2);
E[L_,Q ,P ls :=E[L, Q, Series[Normaler, {e, 0, $k}]];
Zip and Bind
Variables and their duals:
{t*, b*, y*, a*, x*, 2} = {t, B, n, @, §, §};
{c*5 B*s 0"y a*, £, 8"} = {t, b, ¥, a, X, 2};
(Ui )" = (u) 3
Finite Zips:
collect[sd_SeriesData, & ] :=
MapAt [collect [#, ] &, sd, 3];
collect[& , & ] := PPeorrect@Collect[s, &5
Zip [P_] :=P;
Zipo o ,[P] :=
PPaip [ (collect [P // Zip(py, &1 /o fo. & 0 8(e,q)f) /.
o 9]
QZip implements the “Q-level zips” on E(L, Q, P) = P€"*?. Such
zips regard the L variables as scalars.
QZipys (ist,stmp @E[L_, Q_, P_] :=
PPQHp.MOdUIe[(ga Zy, 25, €, Y5, 115, qt: zr'-‘le: Qll QZ):
zs = Table[Z*, (&, £5}];
¢ =0 /.Alternatives @@ (s |Jzs) - ©;
ys = Table[d: (Q /. Alternatives @@ zs » @), {Z, {5}];
ns = Table[d, (Q /. Alternatives e@ ¢s - @), {z, z5}];
qt = Inverse@Table[K5,, .+ - 3;,:0, {Z, &5}, {2, 25}];
zrule = Thread[zs » qt. (25 +ys)];
Q2= (Q1 =c+ns.zs /. zrule) /. Alternatives @@ zs - 0;
simp /@ E[L, Q2, Det[qt] e ¥ Zip, [e® (P /. zrule)]] |5
Qz-{P;s List += QZiP;s,cfi
Upper to lower and lower to Upper:
U2l = {B‘t’" SierPRyby igpii iR wb, T‘l‘),' »ePht,
TP-- 5 P2t .91';7 -»>eP¥N, - -oe"“’};
12U = {ec_. b\-_od_. e B;‘I(hy) ed, e bed . o B—c/(n ¥) ed’
-t Tf/h ed’ e ol ., Te/n eﬂ’

cay +d_. . .
aj_+d_ =_)‘“5/1 .d, et as+d_ a_"9‘c/1 ed’
Expmd':’}.

>

:= MapAt [CF, sd, 3];

e

e 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 a and the {’s
are Band a.
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LZipsy yist,simp @E[L_, Q_, P_] :=
PPz;,@Module (2, z, 25, c, s, 7S, 1t, zrule, L1, L2,
01, 02},
zs = Table[£*, (£, ¢5}];
¢ =L /.Alternatives @@ (<5 |)zs) - 0;
ys = Table[d. (L /. Alternatives @@ zs - 0), {L, ¢5}];
ns = Table[d, (L /. Alternatives @@ (s » @), {z, z5}];
1t = Inverse@Table[K&;, .» - 9;,-L, (L, £5), {2, 25}];
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, [€*® (P /. U21 /. zrule)]] //.12U];
LZipy yise 2= LZipas,crs
Bind(, [L_, R_] :=LR;
Bind(¢; }[L_E, R_E] := PPging@Module [ {n},
Times [
L/.Table[(v:b|B|t|T|a|Xx|y)i= Viei,
(i, {is}}1,
R/.Table[(v:B|z|a|A|&|n)i~ Vi, {i, {i5}}]
I 74 LZithnenoTable[(Bn",:Ml,ami),{i,(is]]] 1/
QZiperattenatable[(£ngi,vneids{ir{i5}}] I
By yise[L_, R_] :=Bind, [L, R];
Bis  [L_, R_] :=Bind(i)[L, R];
“Define” code
Define[lhs = rhs, ...] defines the lhs to be rhs, except that rhs is
computed only once for each value of $k. Fancy Mathematica not
for the faint of heart. Most readers should ignore.
SetAttributes[Define, HoldAll];
Define[def , defs ] := (Define[def]; Define[defs];);
Define[op_is =6&_] :=
Module[{sD, ii, jJ, kk, isp, nis, nisp, sis},
Block[{i, i, k},
ReleaseHold [Hold |
SD [opnlsp,“_lntqor: PPgootesk@®Block [ (i, j, k}, OPisp,sk = 83
opnis.sk] l;
SD[0pisps OP(1s),5¢]5 SP[OPsss 5 OP(sis}]s
] 7+ (5D > SetDelayed,
ispo {is}) /. {i-»1i ,i-3 ,k=k_},
nis - {is} /. {i»ii, j » jj, k > kk},
nisp-+ {is} /. {i+1ii_, j-»3jj_, k- kk_}

1]

Booting Up
$k = 2; (xh=y=1;)
Define[
$kel (1_eveh)k (hyxxj)“
R =E|hajb;, A , e” T >
i3 [ a5, AXjYi, @ [; k(l-e"‘h) ]];k <

Pi,j=E [131 aj/h, ni§5/0,
1+If[$k =0, 0, Normal@P(s,j},sk-1[3] -
(R1,2~B1,2~ ((P{l,j),a)“ (P(i,2},56-1) g ) ) 31 1] ]
Define[ami,j,k = E[(a; +aj) ak, (€77 &1+ &) Xy 15k

bmy, 4.k = IE[(B: +B4) b, (n1+13) Yi» ol* #5104 y"]”] <

SVap



Define [asi =E [-cxi 5, -&iXiy

iY (-hye)k

€
Sun[Expand[e T Nest[Expand[xfa{,p;,n] 8,

FHT X, k] ]: {k, @, Sk}] ]sk"'Bi,j"ami,j-.is

as; = E[-aj a3, -X1 A i,
1+If[$k =@, @, Normal@aS(;) ¢ 1[3] -
( (35(1),0) su~Bs ~aS; ~Bs - (35(3),s-1) ) [31] ] |
Define[bS; = Ri,1~By~aS1~B1~Ps,1,
bSi = Ry,1~B1~a5;:~B1~Py 1,
aAiaj,k = (R1,j Ra,k) ~B1,2~bmy, 2,3~B3~P3 1,
bAiag,k = (Rj,1Re,2) ~By,2~amy,z,3~B3~Py 3]
Define[
dms 5ok =
(E[Bibs + ajaj, ni¥i+ &5 X4, 1] (Ahia1,2~Ba~ah2.2,3~B2~353)
(bAj,_1,.2~Ba~bA s, 2,3) ) ~B.3,2,-1,1,2,3,1,5~
(P_1,3P_3,1 amy 5, bms, _2,k),
dSj = E[B; by +aj @3, 11 Y1 + &1 Xz, 1] ~By,5~ (B5; aS,) ~
By,z~dmz, 1.1,
dAgLg,x = (bAj,s,1 8A1.2,4) ~B1,2,3,a~ (M3, 4.k dmx,z-.j)]
Define[ R,; = Expand /@R;,;~B;~dS;,
cc; =E[e, 0, BY? e %/%]
i =E[o, o, B2 e %12 i
Kink; = [RhafE})~Byz~dm1g.i~ﬂgs~dmys.u
Kink; = (R_x,a CC;] ~31,2"dmx,z-u*B:,s*dm:.,}.i]
Note.t==€a-ybandb==-t/y+ealy.
pefine [b!t; = E [a; a; - Biti /¥y EiXi+7iYi, &P ai"“]ﬁ‘,
t2b; = E[a; aj - ti v by, & X; + 11 ¥j, € %] g
TimingeBlock [ {$k = 1},
Z = Ry, s Rg,z R3,7 CCq Kinkg Kinks Kinkye;
DO[Z = Z~By,r~dmy, ;01 {1, 2, 18}];
simplify /@]
[10.1563,
r B 1
El6, 0, — - :
= 1-8B,+Bf (1-8,+8})°

h By [—31 (—1+31—B§ +B':|| +

v (B1-2B] - 2B} +2hix1y1 +B] (3+2hxy1))) ﬁ+0[(—:]2”
PrintProfile[]
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ProfileRoot is root. Profiled time: 136.391
( 136) 8.983/ 188.520 above Bind
( 126) 8.816/ ©.016 above CF
{ 12) 8/ 2.688 above Boot[1]
{ 16) 8.879/ 6.796 above Boot[2]
{ 5) 8.862/ 18.375 above Boot[3]
CF: called 29902 times, time in 73.435/8@.232
28576) 6.797/ 6.797 under CF
608) 52.963/ 59.760 under LZip
126} 8.816/ ©.016 under ProfileRoot
688) 13.659/ 13.659 under QZip
( 28576) 6.797/ 6.797 above CF
Zip: called 1705 times, time in 33.19/148.664
[ 288) 6.192/ 27.122 under LZip
200) 2.607/ 12.749 under QZip
1385) 24.391/ 188.798 under Zip
17@5) 6.681/ 6.681 above Collect
1385) 24.391/ 188.798 above Zip
LZip: called 28@ times, time in 17.645/104.527

{
{
{
{

( 28@) 17.645/ 184.538@ under Bind
( 688) 52.963/ 59.76@ above CF
[ 2ee) 6.192/ 27.122 above Zip

Collect: called 1785 times, time in 6.681/6.681
(1785) 6.681/ 6.681 under Zip
QZip: called 20@ times, time in 4.816/38.424

[ 208) 4.816/ 38.424 under Bind
( 608) 13.659/ 13.659 above CF
( 288) 2.687/ 12.749 above Zip

Bind: called 2@ times, time in 1.173/136.124

( 136) 8.983/ 1@8.520 under ProfileRoot
| 24) 8.832/ 2.657 under Boot[1]

| 24) 8.832/ 6.717 under Boot[2]

| 16} 8.126/ 18.234 under Boot[3]

|

280) 17.645/ 104.538 above LZip

[ 288) 4.816/ 38.424 above QZip
Boot[3]: called 11 times, time in ©.141/30.643

( 5) 9.862/ 18.375 under ProfileRoot
6) ©.879/ 12.268 under Boot[3]
16) 8.126/ 18.234 above Bind
©.879/ 12.268 above Boot[3]
Boot[2]: called 18 times, time in @.879/6.843

{ 16) 8.879/ 6.796 under ProfileRoot

{ 2) @/ ©.847 under Boot|[2]

[ 24) 8.832/ 6.717 above Bind

{ 2) 8/ @.e47 above Boot[2]
Boot[1]: called 20 times, time in ©.€31/3.719

12) @8/ 2.688 under ProfileRoot

{ 8) 8.831/ 1.831 under Boot[1]

( 24 8.832/ 2.657 above Bind

{ 2) a/ @ above Boot[@]

{ 8) 8.831/ 1.831 above Boot[1]
Boot[®]: called 2 times, time in @./@.
{ 2) a/ @ under Boot[1]



