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ConciseFastKh on June 25, 2013

Pensieve header: A concise implementation of the Fastkh algorithm.

<< KnotTheory~

Loading KnotTheory™ version of February 5, 2013, 3:48:46.4762.
Read more at http://katlas.org/wiki/KnotTheory.

SetAttributes[{P, 8}, Orderless];:
dot /: dot[ 1% /i k=22 := 0;
(o0 8)[1 ] := o[i] = First@Cases[o, P[1i, 7 ] = 7];

ECP[A _List] := Module([{p, e¢}. (+ "Equivalence Class Projection" =)
ec = Foldf d(’;" FU)J
(p = First /@ Position[#1, #2];
Append[Delete[#1, List /@ p], Union@@ (#1[[p]])]) &,
A, Union @@ A1];
Union @@ Replace[ec, ¢ = ((# - First[c]) & /@ ), {1}1];:
ECP[A &S] := ECP[Join[A] /. S|P - List];

ECR[A ] := Union[Last /@ ECP[A]] (# "Eguiv. Class Representatives" x);

VCLaw[f S, pu S, t 5] := VCLaw[B, u, t] =Module[
{p, insl, ins2, outs, xs, h, lawl, law2, dec},
p=ECP[B, u, t];
insl = ECR[B, pt]: ins2 = ECR[u, t]: outs = ECR[B, t]:
Times @@ (h /@ Join[insl, ins2, outs] /. p)

X8 = ;
PowerExpand| (Times @@ (h /@ (Last /@ p)))*/?]

dec = xs /. h[i ]*- = (2dot[i]) ¥x)/%;

{outs, outs /. p}]:
lawl = dot /@ insl; lawl = Thread[lawl - (lawl /. p)];

law2 = dot /@ins2; law2 = Thread[law2 - (law2 /. p)]i:Z— Tﬁ;k[hfzz]ﬁ;/f
O

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

VC[Cob[B S, u S, dotsl ], Cob[u S, Tt 5, dots2 ]]/:= Module]|
{lawl, law2, dec}, Xal
{lawl, law2, dec} = VCLaw[B, u, t1:d [l
Expand[dec » (dotsl /. lawl) (dots2 /. law2)]]:
mO[i , 7 ][oc §] := mO[i, j][o] = Which[
o[i] # i, Append[DeleteCases[o, P[i, ] |P[_, 711, P[o[i], o[7]1]].
o[i] = j, DeleteCases[o, P[i, j]]]:
m{i , j ][0 S] := mO[i, j][o] »I£[o[i] # 7, {1}, {a. a*}];
mii , j 1[a* o 8] := g"m[i, j1[o];
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m[i , i ][Cob[B S, t S, dots ]] := Module[{p, ijdot, ndots, x},
p = ECP[B, t]; ijdot = dot[Min[i, 7]];
ndots = Wh:i.ch[
Bli] # 7 && c[i] # 7, {({If[(i/.p) # (§/.p), 1, dot[B[i]] +dot[c[1i]]1]}}.
B[i] =37 && t[i] # J. {{1, ijdot}}.
B[i] # 7 && t[i] = j, {{ijdot}, {1}}.
o . [ijdot 0 7,
BL4] = & t[i] =3, ( N ijdM)],
ndots = Expand[dots » ndots] /.
dot[k ] = dot[k /. {i-B[i], 7=2B[7]1} /. {i=c[i], F=>7[]]1} /.
ECP[mO[1, F]1[A], mO[i, F]1[c]] 1:
IE[B[4] = && t[4] = j, Coefficient[ndots /. ijdot = x, x], n ts]]:

(Kcm[yﬁ_, ﬁé/_]a{:’ o]:)[qpJ B, g, 1]) t= Module[{l_., o, &k},
L = Length[cs]; px := px=Lengthlcs[[k]]]; po = pPr.1 =05
Kcm[
Map'rhread[doin, List @ae {
Append[cs /. o 8 = g’ Join[B, o], {}],

Prepend[cs /. 0 8 » g Join[t, o], {}] }],/
Table|
I [(Dk+pk_13 (D1 +0x) =0, Q:JIM?54 -b .t I’Lﬂltnmf
W;:Table . {pk+1+.0k}l\ {ox +Pr-1}]: ‘T(\.r] 'Il() _ft’l/llgci
i

0

If[ Px Pre1 [1:; Prerr 1 7: Px]]l =de[[k]]]; a/|
If[ pr #0, [Prs1+1 77 Prer+Pxe 127 px]] = (-1)k1dentityuatrix[pk]] ‘[‘o ™ "lLV
If[ .Dk-:..ﬂk#U:W[[ﬂkq*‘l::ﬂml"‘ﬂk: Pre+l i pr+pral]l =ds[[k-1]]1]x /;/_:fm,

A Spachy

J 11]

m[i , § ][Kom[cs , ds ]] := Kom[

Flatten /@ Map[m[i, 7], cs, {2}].

Table([

If[Length[cs[[k]]] =0 || Length[cs[[k+1]]] =0, O,

Table[

m[i, j][Cob[es[[k, b]] /. @ » 1, es[[k+1, a]] /. g » 1, ds[[k, a, b]]]].
{a, Length[cs[[k+1]]]}. {b., Length[cs[[k]]]}
] // ArrayFlatten ],

{k, Length[ds]}] ]:
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Contract[kom Kom] := Module[(yg, ﬂé, L, k, done, a, b, ¢, ¥6},

{cs, ds} ; List @@ kom; L = Length[ds]; ’ JSE&UD 7 klj
For[k=1, ksL, ++k, CS[OKJD (/ZZ\kD

done = False; While[! done, done = True;

l\’ U’H' S ee For[a=1, a<Length[cs[[k+1]]], ++a, For[b=1, b<Length[cs[[k]]], ++b,
JghTe 4 If[NumberQ[¢ = ds[[k, a, b]]] && ¢ #0 && cs[[k+1, a]] =cs[[k, b]],
done = False;
— ‘P[( If[Length[cs[[k]]] s1 || Length[cs[[k+1]]] s1, ds[[k]] =0,
¥& = Table[
VC[Cob[cs([[k, d]], cs[[k+1, a]], ds[[k, a, d]]] /. g = 1,
Cob[cs[[k, b]], es[[k+1, ¢]], ds[[k, ¢, b]]] /. @ » 1],
{c, Length[cs[[k+1]]]}, {d, Length[cs[[k]]]}];
ds[[k]] = Expand[Drop[ds[[k]]-¢"¥s, {a}, (b}]]]:
cs[[k]] =Drop[cs[[k]], {b}]; cs[[k+1]] =Drop[es[[k+1]], {a}];
If[k>1,ds[[k-1]] =If[ds[[k-1]] ===0, O, Drop[ds[[k—l]], (15
If[k <L, ds[[k+1]] = If[ds[[k+1]] === 0, 0, Drop

If[a s Length[cs[[k+1]]], --a]; b = Length[cs([[k]]]; ] ]] 11: A
Kom[cs, ds]{k;/: RL/(/’”‘{C 2

Kom[] = Rom[{{S[]}}, {}]: Iny.
CoBIZPTY & J v K02 1] 2%
Cob[qs[P[-i, 71, P[k, 111, @ S[P[-i, -1], P[], k11, 1];
Cob[Xm[i , j , k , 1.1] := Cob[a?S[P[-1, -7], P[k, 1]1,
q*s[P[-i, 1], P[-37, k], 1];
Cob[x X] := Cob[If[PositiveQ[x], Xp@@x, Xm@@x]];

KhComplex[L ] := Module[
{pd =PD[L], kom = Kom[], inside = {}, pos},
While[Length[pd] > 0,
pos = Last[Ordering[ (Length[(List @@ #) (| inside]) & /@ pd]];
kom = kom // Cob[pd[ [pos]]]:
(kom = Contract[kom // m[#, -#]]) & /@ ((List@@pd[[pos]]) )inside);
inside = insidel|J (List @@ pd[[pos]]); pd = Drop[pd, {pos}] ];
kom ] ;
KhPoly [L7 ] = Expand[t-LengtMSelect[PDﬂL, NegativeQ] +Range[0,Crossings[L]] "

(List @@ Plus @@@ First @ KhComplex[L]) /. S[] = 1]

e < -
)-30) ()-= /-\%\_/

Kom[] // Cob[asS[P[-1, 2], P[3, -4]], @*S[P[-1, -4], P[2, 311, 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]1] // Cob[Xp[8, 4, 5, 9]] // Cob[Xm[2, 3, 8, 71] //
m[-7, 7] // m[-8, 8] // m[-9, 9] // Contract

Kom[{{}, {aS[P[-3, -2], P[-1, 4], P[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]]}}, {0, {{1, -1}, {1, -1}}, {{1, -1}}}]

R32 = Kom[] // Cob[Xp[2, 7, 9, 1]] // Cob[Xp[3, 4, 8, 7]] // Cob[Xm[9, 8, 5, 6]1] //
m[-7, 7] // m[-8, 8] // m[-9, 9] // Contract

xom[{(}, {qS[P[-3, -2], P[-1, 4], B[5, 6]], qS[P[-3, 4], P[-2, 5], P[-1, 6]]},
{a*s(p[-3, 4], P[-2, -1], P[5, 6], ¢°8[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}}, {{}p -1}1}]

R31 == R32

True 74 Kef’ylc/ Yy
MRt

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

[800.129129,

31 t!E 39 t39 37 tlﬂl 39 t40 41 t41 43 t41 i t42 +

et +g T ag e e g +q +q +q +g +q

41 tl‘-).

q + ql’-'i tl’-'i + qlﬂﬁ td'i . qd'_ tdd +2 qd'! tﬂ-:l + q4=: tﬂ‘: + 2 q-il'.' t-:l.‘s + 2 qdﬁ tdb +13 qd:‘l td? +

2 q-’.'.' t-’.B £ 2 q49 t43 + q53 t48 +3 qSJ. t419 + 2 q53 t49 + qt? CED ) qEL tEEI +
q55 tSG +2 q53 tS'. £ 3 q55 tS]. +2 q53 t52 + qs? tSZ + qSS‘ t52 +3 qS'l‘ C53 +
qSS t54 - qS'? t54 - qu t54 +2 qSS tSS +q61. tSS - q59 t56 - qSE tSE - q63 tS?}}
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