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Pensieve header: A concise implementation of the FastKh algorithm.

<< KnotTheory~

Loading KnotTheory™ wversion of February 5, 2013, 3:4B:46.4762.
Read more at http://katlas.org/wiki/KnotTheory.

dot /: dot[ 1% /; k22 := 0;

(o 8)[4 ] := o[i] = First@cCases[oc, P[i, 7 ] = 7]:
ECA[A/L‘ist] := Module[{p, ec =A}, (* "Equivalence Class Projection" =*)

Do[ p = First /@ Position[ec, 1i];

SetAttributes[{P, S}, Orderless]:} 07'_
[‘/\L

ec = Append[Delete[ec, List /@ p], Unione@@ (ec[[p]])]. Y'Y
i, Union @@ A} ];
Union @@ Replace[ec,~c = ((# - First[c]) & /@ c), {1}]1]: l\(',\/(/

ECF[ S] := ECP[Join[A] /. S|P - List];
ECR[A ] := Union[Last /@ ECP[A]] (% "Eguiv. Class Repres

ntatives" =x);

VCLaw[g S, pu S, © S] := VCLaw[B, u, t] = Hodule[

{p, insl, ins2, outs, xs, h, lawl, law2, deqg},
p=ECP[B, u, tl:
insl = ECR[f, p¢]; ins2 = ECR[u, t]; outs't ECR[B, T];
Times @@ (h /@ Join[insl, ins2, outs] /. p)
: fﬁ/"} to

PowerExpand[ (Times @@ (h7@ (Last /@ p)))*?] ( o ll/) I3
0

X8 =

dec = xs /. h[i ]X - = (2dof[i]) 2 x)/2;

dec %= Product[If[i ==(i / 1, dot[i] +dot[i /. p]])], {i, outs}];

lawl = Table[dot[i] » dot[i 7. p], {i, insl}]; oNe a'lL‘/ I_E (1Z¢] 172
law2 = Table[dot[i] » dot[i /. p], {i. insz}];] ctl ,94 ,/O{/

{lawl, law2, Expand[dec]}];

VC[Cob[B S5, u 8, dotsl ], Cob[u 8, t 8, dots2 ]] := Module|
{lawl, law2, dec}, {lawl, law2, dec} = VCLaw[B, u, t];

Expand[dec » (dotsl /. lawl) (dots2 /. law2)] ];
~

.. .l X

mO[i , 7 J[o 8] := mO[i, j][c] = Which[ °
o[i] # j. Append[DeleteCases[c, P[i, _]|P[_, 71]. Plo[i]l, o[j]1]1]. \f
o[i] = j, DeleteCases[oc, P[i, j]1]1:

mfi , j 1[0 8] := mO[i, j][0] *If[o[4] #3. {1), {a. a*}]:

mli , j 1[a" o 8] := &ml4i, 51(0]: orde””.
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m(i , j ]J[Cob[B S8, t S, dots 1=
p=ECP[B, t]; ijdot =dot[Min[i
ndots = Which[

B[i] =7 && z[i] # 7, {{1, ijdot}},
Bli] #J && t[i] =3, {{ijdot}, {1}}.

LAY /.

{i->c[i], F->[7]1} /.

m[i , j ][Kom[Q , A ]] := Kom[
Flatten /@ M [rméi, il. @, {2}],
on g Lin

If[Length@r[[k]]] =0 || Lengch@[ k+1]1] =0, O,

Table[
m[i, j][Cob [k.Db]] /. -1, Q 1, al]] /. q -1, d[[k, a, b]]]].
{a, Length [k+1]1]}, {b, Lengt [[k]1]11}

(kom[@_, d ] //cob[g?* B , @”* t_, 1]) := Module[{L, p, &, Kk},
L =Length[Q]; px := px =Length[Q[[k]]]; P = Pr.1 =0;
Kom|[
MapThread[Join, List eee { Cl\ﬂ’\‘yf 743 724& Zﬁa\@c
Append[Q /. o S » g?lJoin[B, o], {}],
Prepend[Q /. o 8 =3 q’?Join[zt, o], (}] }]
Table[

If[ﬁk*ﬁkq =0 || Praa+pr=0, 0, T _[[ l
& =Table[0, {Py.1+Px}s {Px+Pra}ls SEN O\

If[pxPxir # 0, S[[1:; Praar 157 pxl] =dllk]]]: lrﬂ /,(—,,\./,,X

If[px # 0, 6[[Prer+1 77 Prax+Pxs 177 Px]] = (-1)" IdentityMatrix[p,]]; {Co/r’)
If[Px-10x# 0, S[[Prea*+1 i Praa*+Pre P+l i; Px+Pra]] =d[[k-1]]]; :
S
I teony ]]]
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Contract[kom Kom] := Module[{Q, d, L, o, k, done, a, b, ¢, ¥5}.
{Q, d} = List @@ kom; L=Lengtr@]/; pr := Lengt [[k]]],
For[k=1, k<L, ++k,

T Whideltdoner<omeTTruas o0l A HEF VY
For[a:l, a s Pg,1, ++a, For[b:l, b < pyx, ++b,
If[NumberQ[¢= d[[k, a, b]]] & ¢ # 0 && Q[[k+1, a]] =Q[[k, b]],
done = False;
I£[ox s 1 || pras1, d[[k]] =0,
¥6 = Table[VC[
Cob[Q[[k, n]], Q[[k+1, a]], d[[k, a, n]]] /. g > 1,
Cob[Q[[k, b]], Q[[k+1, m]], d[[k, m, b]]] /. @ > 1
1, {m, Pyl " P} 1;

da[[k]] = Expanf[Prop[d[[k]] -6, (a}, (®}]]]:
g_[ Q[[k]]-Drop[Q[[k]], {by]: Q[[k+1]] =Drop[Q[[k+1]], {a}]:
Rouyvr f[k>1&& d[[k 117 ={5/0] d[[k-1]] = Drop[d[[k-1]], {b}]1]:

fer 0§ leste ot e d[ k4111 =t 0| d[(k+1]] = Drop[d[[k+1]], {}, {2}]];
If[aspk.;,, --a]; b= Dk'] 1111:
Kom[2, d] |;

Kom[] = Kom[{{S[]}}, {}]:
Co@p[ii. $oik 1] ee
Cob[as[P[-4, 71, P[k, -111,/a® S[P[-4, -11, P[4, k11/1]:
Co@m[i 2 B, l,]]/::/Cob[q'zs[P[-i, -1, Pk, 111,/
@ S[P[-i, 11, P[-3, k]1./1];
Cob[x X] := Cob[If[PositiveQ[x], Xp@@x, Xmee@x]];

KhComplex[L ] := Module[
{pd = PD[L], kom =Kom[], inside = {}, pos},
While[Length[pd] > O,
pos = Last[Ordering[ (Length[ (List @@ #) (|inside]) & /@ pd]];
kom = kom // Cob[pd[[pes]]]:
(kom = Contract[kom // m[#, -#]]) & /@ ((List@@pd[[pos]]) () inside);
inside = inside|J (List @@ pd[[pos]]); pd =Drop[pd, {pos}] ]:
kom ] ;
l(hPoly[L ] u Expmd[t-l.cngtmsn'ct[l’mb NegativeQ] +Range(0,Crossings[L]]

(List @@ Plus @@@ First @ KhComplex[L]) /. S[] - 1] Vb-’f c//(/"l/") ﬂ/n(

Coite

- A I SN | "
b }\ \ s NG L) , # X g
= =Y, i /\‘/\ > /\ ' Z J / lﬁ\’/
Y t Y ¢ T N L 4
Kom[] // Cob[qS[P[-1, 2], P[3, -4]], @ S[P[-1, -4], P[2, 3]1], 1] // m[-1, 2] //
Contract
Kom[{{S[P[-4, 3]]}, {}}, {0}]
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Kom[] // Cob[Xm[1l, 2, 4, 3]] // Cob[Xp[4, 6, 5, 3]] // m[3, -3] // m[4, -4] //
Contract

Kom[{(}, {S[P[-2, 6], P[-1, 5]}, {}}, {0, O}]

R31 = Kom[] // Cob[Xp[7, 9, 6, 1]] // Cob[Xp[8, 4, 5, 9]] // Cob[Xm[2, 3, 8, 7]] //
m[-7, 7] // m[-8, 8] // m[-9, 9] // Contract
Kom[{({}, {@S[P[-3, -2], P[-1, 4], B[5, 6]], gS[P[-3, 4], P[-2, 5], P[-1, 6]]},
{a*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, 1]] // Cob[Xp[3, 4, 8, 7]] // Cob[Xm[S, 8, 5, 6]] //
m[-7, 7] // m[-8, 8] // m[-9, 9] // Contract

om[{(}, {aS[P[-3, -2], P[-1, 4], P[5, 6]], aS[P[-3, 4], P[-2, 5], P[-1, 6]]},
{a*s(p[-3, 4], P[-2, -1], P[5, 6]], ¢"S[P[-3, -2], P[-1, 6], P[4, 5]]},
{*s[P[-3, 6], P[-2, -1], P[4, 5]1}}, {0, {{1, -1}, {1, -1}}, {{1, -1}}}]

R31 == R32

True

K = TorusKnot[9, 5]; {TubePlot[K, ImageSize - 80] // Rasterize, KhPoly[K]} // Timing

[762.470488,

s qil +q'iii +q!=: t2 +q'59 t'! + q'i7 td +2 q'ig td + qdl td +2 qd'l t? +2 qd'! t? + 2 qd'l. tH +

43 t8+2q45 ta 47 ta 45 t9 47 t9 49 t9+2q45 t10+2q4_'-‘ tlU+ 47 t11+

2q
2 qqs- tll N qE'. tll L 2 q47 t12 v 2 q49 t].Z ; qSI tlZ v 2 q51 t13 1 q53 t'_B + q49 t14 v 4 q51 tlﬂ +

+q +4qg +4qg +d

4 q53 tl4 . qEE tl4 +13 q5]. tLS +8 qSJ t].S +5 q55 tlE +5 q53 t'_S +8 q55 tLS 57 th +

qSB tl'.‘ + 6 qEE t]'l‘ 7 qET t].'.-‘ +3 qSS t].'? + qSS tlﬂ + 6 qs? t,lB 4 qEB tlB +2 qET tlS +

+2q

4 q.‘:‘i tl‘i + 4 qﬁl t'_‘! + qﬁ! tl‘! + 4 qh‘l t2(] + 6 qfsl t2LI + 2 qft:i t2€] + qhg t2l +2 th t21 +q6:] t21}}
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