Dror Bar-Natan: Academic Pensieve: 2013-06: ConciseFastKh.nb 2013-07-01 07:28:07

Pensieve header: A concise implementation of the FastKh algorithm; continued pensieve://2013-07/.

<< Knot Theory"

Loadi ng Knot Theory™ version of February 5, 2013, 3:48:46.4762.
Read nore at http: //katlas.org/w ki /Knot Theory.

SetAttributes[{P, S}, Oderless]; dot /: dot[_]“ /; k=22 := 0O;
(0. S)[i ] :=o[i] = FirsteCases[o, P[i, ] 1 =» ]1;

EC[A_List] := Module[{p, ec =2},
Do[p = First /@ Position[ec, i1;
ec = Append[Del ete[ec, List /e p], Unionee (ec[[p]])],
{i, Union ee 1} ]; ecl;
EC[A__S] := EC[Join[A] /. S|P->List];
ECP[X_ ] := UnioneeRepl ace[EC[1], Cc_ = ((# - First[c]) &/ec), {1}1;

VCLaw[B S, u S, t© S] := VCLaw[fB, u, t] =|\/bdu|e[{i ns, outs, p, xs, h, dec},
ins = First /@ Join[EC[B, r], EC[uk, T11;
outs =First /eEC[B, t]; p =ECP[B, u, tI;
xS = Tines ee (h/e Join[ins, outs] /. p);
xs == Power Expand[(Times ee (h /e (Last /e p)))~'"?];
dec = xs /. h[i 1% = (2dot [i])@x/2
dec %= Product [If[i = (i /. p), 1, dot[i]+dot[i /. pl], {i, outs}];
{Expand[dec], Table[dot [i] »dot[i /. p], {i, Unionfi ns]}]}];
VCI[B. S, u S, t© S, dots ] := Mdul e[{dec, dotsl|aw},
{dec, dotslaw} = VCLaw[B, u, t]; Expand[dec % (dots /. dotslaw)] 1;

nO[i , ] 1[0 S] :=nD[i, J1[c] =I1f[o[i] =], DeleteCases[o, P[i, |11,
Append[Del eteCases[o, P[i, _1|P[_, j1]1, Plolil, o[i1111;

mii _, j_1[0.S] :=nmO[i, j1[o]l*1f[oli]l=], {a a7}, {1}];

mii _, j_1[d~ o.S] :=d“mli, j1[o];

mii _, ] _1[Cob[B S, .S, dots_ 1] := I\/bdule[{p, ijdot, np, ndots, x},
p=ECP[B, c]; ijdot =doteMn[i, j1; np=ECP[nD[i, j1[B], nO[i, j1[z]1];
ndots = Which[B[i] =] & c[i]=], ('J‘iOt ijgot),
Bli]l=] & z[i]#]j, {{1, ijdot}},

Blil#] & t[i]=j, {{ijdot}, {1}}, BLi]1#] & c[i]#],
(fra /7. p)y#(g /. p), 1, dot [B[i]]+d0t[t[i]]]}}];

ndots = Expand[dots xndots] /. dot [k_] =
dot [k /. {i » B[], ] »B01}Y /. {I »<[i], ] »>c[j1} /. npl;

If[B[I]=] &% t[i] =], Coefficient[ndots /. ijdot - x, xI], ndots]];
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mii _, j_]1[Kom[e , d_]]1 := Kom[
Flatten /@ Map[m[i, |1, @, {2}1,
Tabl e[l f [LengtheQ[[k]] =0 || Lengthea[[k+1]] =0, O,
Table[m[i, j][Cob[Q[[k, b]], @[[k+1, al], d[[k, a, b]1]] /. g-1],
{a, Lengthea[[k+111}, {b, Lengthea[[k]]}
1 // ArrayFlatten ],
{k, Lengthed}] 1;

(Kom[o_, d_]//Cob[q”~ B_, g’* z_, 1]) := Module[{L, p, &, Kk},
L =Length[al; plk_ ] := p[k] =Length[a[[k]]]; p[0] = p[L+1] =O;
Kom[

MapThr ead [Joi n, List @@@{
Append[@ /. o S = qPtJoin[B, o1, {}],
Prepend[2 /. o_S = gq°?Join[z, o1, {}]}],
Tabl e
If [o[k] +p[k-1]1 =0 || p[k+1] +p[k] =0, O,
6 =Table[0, {po[k+1]+p[k]l}, {po[k]l+p[k-1]3}1;
If[o[k]l p[k+1]1#0, o[[1;; p[k+1], 1;; p[kI1] =d[[k]]];
If[p[k] # 0,
S[Iplk+11+1;; plk+11 +p[k], 1;; p[k111 = (-1)* I dentityMatrix[p[k]]];
If o[k -110[k] #0, S[[p[k+1]1+1;; p[k+1] +p[k],
plkl +1;; p[k]l +p[k-1]111 =d[[k-1]111;
3]

]ty 1]

Contract [kom Kom] : = I\/bdule[{Q, d, L, o, k, done, a, b, ¢, ¥é},
{Q, d} = List ee kom; L =Lengthed; p[k ] := Lengthea[[k]];
For [k:l, k <L, ++k,
done = Fal se; Whil e[! done, done = True;
For [a:l, aspl[k+1], ++a, For [b=l, b <p[k], ++Db,
I'f [Number Q[¢ =d[[k, a, b]]] & ¢ #0 && Q[[k +1, a]] =Q[[k, b]],
done = Fal se;
If[o[k]l <1 || plk+1] =1, d[[k]] =0,
¥é = Tabl e[
VCIa[[k, n11 /. -1, o[[k+1, a]]l/. q » 1, o[[k+1, m] /. -1,
di[fk, a, n]1d[[k, m b1]1], {m p[k+1]}, {n, p[kl}1;
d[[k]1] = ExpandeDrop[d[[k]]-¢7"¥5, {a}, {b}]];
Q[[k]1] =Drop[e[[k]], {b}]; @[[k+1]] =Drop[e[[k+1]], {a}l;
If[k>18&& p[k-1]>0, d[[k-1]] = Drop[d[[k-1]], {b}I1l;
If[k<L & p[k+2] >0, d[[k+1]] = Drop[d[[k+11], {}, {a}1l;
If[as<plk+1], --al; b=plkl] J]]]i

Kom[e, d] ];
Kom[] = Kom[{{S[1}}, {}I;
Cobexp[i , j_, k_, | _1:=Cob[gS[P[-i, |1, P[k, -1 11, @*S[P[-i, -I1, P[i, k11, 1];
CobeXm[i _, j _, k_, | _1:=Cob[q®S[P[-i, -] 1, P[k, |11, g* S[P[-i, |1, P[-}, k11, 1];

Cob[x_X] := Cob[lf [PositiveQ[x], Xpeex, Xmeex]];
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KhConpl ex[L_]1 : = Mdul e[
{pd = PD[L], kom=Kom[], inside = {}, pos},
Whi | e[Lengt h[pd] > O,
pos = Last [Ordering[(Length[(List ee #) Ninside]) & /@ pd]1;
kom= kom// Cob[pd[[pos]11];
(kom = Contract [kom // m[#, -#]]) & /@ ((List eepd[[pos]]) NI nside);
inside = insidel{ (List e pd[[pos]]); pd=Drop[pd, {pos}]];
kom];
KhPol y [L_] c = Expand [t -Lengt heSel ect [PDel, NegativeQ]+Range[0, Crossi ngs[L]].

(Li st @@ Plus eee First @ KhConpl ex[L]) /. S[] - 1]

< \ N A {__‘;f R ; f;

Kom[] // Cob[qS[P[-1, 2], P[3, -41], q?*S[P[-1, -4], P[2, 3]1, 1] // m[-1, 2] //
Contract
Kom[ {{S[P[-4, 311}, {}}, {0}]

Kom[] // Cob[Xm[1, 2, 4, 3]1] // Cob[Xp[4, 6, 5, 311 // m[3, -3] // m[4, -4]1 //
Contract

Kom[{{}, {S[P[-2, 6], P[-1, 511}, {}}, {0, O0}]
R31 = Kom[] // Cob[Xp[7, 9, 6, 111 // Cob[Xp[8, 4, 5, 911 // Cob[Xm[2, 3, 8, 711 //
m[-7, 71 // m[-8, 8] // m[-9, 9] // Contract
Kom[{{}, {qS[P[-3, -2], P[-1, 4], P[5, 6]], qS[P[-3, 4], P[-2, 5], P[-1, 6]]},
{9 S[P[-3, 4], P[-2, -1], P[5, 6]], g°S[P[-3, -2], P[-1, 6], P[4, 5]]},
{a®*S[P[-3, 6], P[-2, -1], P[4, 5]1}}, {0, {{1, -1}, {1, -1}}, {{1, -1}}}]
R32 = Kom[] // Cob[Xp[2, 7, 9, 111 // Cob[Xp[3, 4, 8, 711 // Cob[Xm[9, 8, 5, 611 //
m[-7, 71 // m-8, 8] // m[-9, 9] // Contract
Kom[{{}, {aS[P[-3, -2], P[-1, 4], P[5, 6]], qS[P[-3, 4], P[-2, 5], P[-1, 6]]},
{9? S[P[-3, 4], P[-2, -1], P[5, 6]], g*S[P[-3, -2], P[-1, 6], P[4, 5]]},
{a*S[P[-3, 6], P[-2, -1], P[4, 5]1}}, {0, {{1, -1}, {1, -1}}, {{1, -1}}}]

R31 == R32

True
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K = TorusKnot [9, 5]; {TubePl ot [K, | mageSize -» 80] // Rasterize, KhPoly[K]} // Timng

{747.634793,

, qSl+q33+q35t2+q39t3+q37t4+q39t4+q41t5+q43t5+q39t6+q41t6+q43t7+

q45t7+q4lt8+2q43t8+q45t9+2q47t9+2q45t10+3q4gtll+2q47t12+2q49t12+q53t12+
3q51t13+2q53t13+q49t14+2q51t14+q55t14+2q53t15+3q55t15+2q53t16+q57t16+

q59t16+3q57t17+q55t18+q57t18+q61t18+2q59t19+q61t19+q59t20+q63t20+q63t21}}
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