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Hidden TgX
A Timing Game

Headers

Pensieve header: Verifying 2-parameter type SA_n$ quantum groups following lan Martin, Alexander
Tsymbaliuk, <em>Two-Parameter Quantum Groups and R-Matrices: Classical Types</em> and <em>Or-
thogonal bases for two-parameter quantum groups</em>.

mn[-1:= SetDirectory@"C:\\drorbn\\AcademicPensieve\\Projects\\SolvablePBW";
<< KnotTheory"

pdf
Loading KnotTheory™ version of October 29, 2024, 10:29:52.1301.

Read more at http://katlas.org/wiki/KnotTheory.

nb2tex

inl-1:- Get["../nb2tex/nb2tex.m"];
$NotebookName = FileBaseName@FileNameTake@NotebookFileName [EvaluationNotebook[]]
nb2tex [$NotebookName, PDFWidth -» 7.5, PDFFolder - "Snips/" <> $NotebookName] ;
texfile = OpenAppend [$NotebookName <> " .tex"];
WriteLine[texfile, "\\end{document}"]; Close[texfile];
Rune
("\"C:\\Users\\drorb\\AppData\\Local\\Programs\\MiKTeX\\miktex\\bin\\x64\\pdflatex.exe\"
" <> $NotebookName <> ".tex") ;

Time: 7.31 seconds Outf=
TwoParameterQuantumGroups

pdf
Initialization / Utilities
pdf
1= $p=2; $k=1; $U=QU; $E := {$k, $p};

$trim:= {n" /; p>$p-0, € /5 k> $k>0};

SetAttributes[{SS, SST}, HoldAll];

. ez,
qz =€

SS[& , op_] :=Collect[Normal@Series[&, {h, O, $p}], A, 0p];
SS[& ] :=SS[&, Together];

Simp[& , op ] :=Collect[&, _CU | _QU, op];

Simp[& ] :=Simp[&, SS[#, Expand] &];

SimpT[& ] := Collect[&, _CU | _QU, SST[#, Expand] &];

K6 /:Ké; ,; :=If[l===37,1,0];

. k+1,
c_Integery rnteger = C+0[€] 75
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pdf

In[«]:=

pdf

In[]:=

DeclareAlgebra

Unprotect [NonCommutativeMultiply]; Attributes[NonCommutativeMultiply] = {};
(NCM = NonCommutativeMultiply) [x ] := x;

NCM[x , v ,z ] = (x®y)RBz;

o® = ®O=0;

(X Plusy 8y := (#®y) &/@x; x_ ® (y Plus) := (x® #) &/ey;

B[x , x 1]=0; B[x ,y ] :=x8y-y®&x;

B[x_ ,y ,e_]:=B[x, )y, e] =B[x, y];

DeclareAlgebra[U_Symbol, opts__Rule] := Module[

{8p, sr, g, cp, M, pow, k=8,
gs = Generators /. {opts},
cs = Centrals /. {opts} /. Centrals -» {}

}

U[Generators] = gs;

(#y=Uexn) &/@gs;

gp = Alternatives @@ gs; gp = gp

gp; (» gens x)

1

sr = F1atten@Tab1e[{g—> ++k, g - {i, k}}, {8, gs}]; (» sorting - «x)
i_

cp = Alternatives@@cs; (+ cents )

SetAttributes[M, HoldRest]; M[@, ] =0; M[a _, x_] :=ax;

CE[& ] :=Collect[&, U, Expand] /. e* = e®P2lX]1 / gtpim;

Ulrsl:=&/. {t:cp:et, u U:» (#&) /@u};
UINCM[]] =pow[& , @] =Ue{} =1, =U[];

B[U@()f_), ve (J{_)] = UeB[Uex, Uey];

Blue (x_ ), Ue(y )] 75 i=1=7 := 0;
i J_
B[Uey , Uex_ ] :=CE[-B[Uex, Uey]];
x_® (c_.1y) :=CE[cx]; (c_.1y) ®Bx_ :=CE[cx];
(a_.U[xx___,x 1)® (b_.U[y_,yy_ __1) :=If[OrderedQ[{x, y} /. sr],

CE@eM[ab /. $trim, U[xx, x, vy, y11,

Uexx ® CE@M[ab /. $trim, Uey B Uex + B[Uex, Uey, $E]1] B Ueyy 1;
U@{c_. * (L:gp)'-, r‘___} /5 FreeQ[c, gp] := CE[cUeTable[l, {n}] BU@{r}];
Ue{c .xL:gp,r } :=CE[cU[L]RBU@{r}];
ve{c ,r___}/; FreeQ[c, gp] := CE[cU@{r}];
ve{l Plus, r___} := CE[Ue{#, r}& /e L];
ve{lL_,r_ __} :=Ue{Expand[L], r};

U[&_NonCommutativeMultiply] :=U /e &;
Oy[specs___, poly ] := Module[{sp, null, vs, us},
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sp=Rep1ace[{specs}, L Lists» L , {1}];
null
vs = Joinee (First /@ sp);
us = Join ee [sp /. L > [L /e X_ :»x]];
L i_ °
CE[Total]
CoefficientRules[poly, vs] /. (p_->c_) = cUe (us”)
1] 7. x = x];
null
Oy[specs___, E[L_, Q_, P_1] :=0y[specs, SSeNormal [P e"*’]];
pow[& , n_] :=pow[&, n-1] B &;
Syl&_, ss___Rule] := CE@Total[
CoefficientRules[&, First /@ {ss}] /.
(p_ > c_) »» cNCMee MapThread [pow, {Last /@ {ss}, p}11];

ors_[c_.%u_U] [c /. (t:cp)» t ) U[List ee

j_ Jj/.{rs}

u/.v_» Vv ];
j_  3/.irsy

m; ,p [c_.*u U]

1]

R

CE [([c /. (t:cp) » t] DeleteCases [u,
9 R Jlk

]] & U @ee Cases [u, w_ w] & U ee Cases [u,
" k
J J

U/: c_.xuUxv U := CE[cu®V];

S; [c_.*u_U] := CE[((C /.S:[U, Centrals]) DeleteCases[u, _]) ®

i
U[NCM @@ Reverse@Cases [u, X_» S@U@x] ] ];
i i
Ai 4,k [C_.xu U] := CE[((c /. Ai,j,r[U, Centrals]) DeleteCases[u, _]] o
i

NCMee Cases |u, X > 01,i,2,r@A@RU@X| /. NCM[] - UI[]| |5
= >
i

pdf
Implementing QU = U, ([A/]
pdf
Conventions:
{ei, fi, wit, (wi'), r, 5} o {Xijs1, Vije1, €™, €M, 0™, 'Bhs}
We are assuming thatr;=rands; =s.
in[-]1:= $n = 3;

Flattene {
Table[x;,j, {i, 1, $n}, {j, i+1, $n+1}1,
Table[y; i, {i, 1, $n}, {j, i+1, $n+1}],
Table[{v;, w;}, {i, $n}]
}

Time: 0.00 seconds Qut[=

{X1,25 X1,35 X1,45 X2,35 X2,45 X3,45 ¥Y1,25 Y1,35 Y1,45 ¥2,35 ¥Y2,45 ¥3,45 V1, W1, V2, Wp, V3, W3}
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pdf
In[«]:= $|’| =3;
DeclareAlgebra[QU,
Generators - Flattene {
Table[xi j, {i, 1, $n}, {j, i+1, $n+1}],
Table[yi,j: {i, 1, $n}) {]J i+1, $I’l+1}],
Table[{vi, Wi}, {i, $n}]
}s
Centrals - {}
15
pdf
in[-]:=  Ringel[i , j ] :=Which[
i+1<jvi>j, 0,
1+1==7j, -1,
L == j) 1
1
pdf
Inf«]:= DO[

B[QUev;, QUev;] = B[QUev;, QUew;] = B[QUew;, QUew;] = 8;

B[QUe@v;, QU@X;, 4.1] = & (Ringel[]j, i] r-Ringel[i, j] s) QU[Xj,j.+15 Vil

B[QUev;, QU@y;,j.1] = & (-Ringel[j, i] r+Ringel[i, j1s) QU[Y5,5.15 Vil;

B[QU@w;, QU@X;, 4.1] =& (-Ringel[i, j] r+Ringel[]j, i] s) QU[X;, j.1, Wil}

B[QUew;, QU@y;,j.1] = & (Ringel[i, j] r-Ringel[j, i] s) QU[Yj,j.1, Wil}
AV

e?Vi-e
BIQUeX;, 5,1, QU@Y;,51] = K&s,5 0qu[ {vi, Wi}, SS[——F]],
@ r_ eﬁS

B w;

{i) 1) $n}’ {jJ 1) $n}

in[-]1:-= QU@Generators

Time: 0.00 seconds Out[=
{X1,25 X1,35 X1,45 X2,35 X2,45 X3,45 ¥Y1,25 Y1,35 Y1,45 ¥2,35 ¥Y2,45 ¥3,45 V1, W1, V2, W2, V3, W3}

in[-1:= $Basis = QU /@ QU@Generators;
$Basis = QU /e {XI,ZJ x2,3: x3,4: Y1,z: y2,3: y3,4: Vi, Wi, Va2, Wy, V3, WB}
Module[{a, b}, Table[{a, b} » CE[B[a, b]], {a, $Basis}, {b, $Basis}]] // MatrixForm

Out[e]=
{QU[X1,2], QU[Xz,3], QU[X3,4], QU[Y1,2], QU[Y2,3],
QU[y3,4], QU[Vv1], QU[wW1], QU[V2], QU[wW,], QU[v3], QU[w3]}
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in[-]:= Module[{a, b, c},
DeleteCases[Flatten[Table[{a, b, ¢} - CE[B[a, B[b, c]] +B[b, B[c, a]] +B[c, B[a, b]]],
{a, $Basis}, {b, $Basis}, {c, $Basis}]], _ - 0]
1

Time: 0.80 seconds Outf=

{1
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