Pensieve header: A concise implementation of the FastKh algorithm.
<< KnotTheory~

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}, Orderless];
dot /: dot[ 1% /; k=22 := 0;

(0_S)[1_] := o[i] = FirsteCases[o, P[i,jJ_]1 = jl;
ECP[x_List] := Module[{p, ec}, (* "Equivalence Class Projection" x) }’_'_“’5}/_']} ﬂ"‘j
ec = Fold[ 'S nea Jed in
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(0o = First /e Position[#l, #2];
Append[Delete[#1l, List /@ p], Unionee (#1[[p]])]) &,
A, Union ee 1] ;
UnioneeReplace[ec, Cc_ = ((&# » First[c]) & /e c), {1}11;
ECP[A__S] := ECP[Join[A] /. S|P List];
ECR[A__]1 := Union[Last /@ ECP[A]] (* "Equiv. Class Representatives' x);

VCLaw[B_S, u S, t.S] := VCLaw[B, u, t] =Module[ W V(,/’/k”#( [om’,,b&;;“;/
{p, insl, ins2, outs, xs, h, lawl, law2, dec},
p=ECP[B, u, t];
insl = ECR[B, u]l; ins2 = ECR[u, t]; outs = ECR[B, t];

Times ee (h/e Join[insl, ins2, outs] /. p) | A g wg

PowerExpand[ (Times ee (h /e (Last /e p)))*/?] ’ CO’Q{HL'%O”

dec = xs /. h[i_1* = (2dot[i]) ¥ x/2;

dec x= Times ee MapThread[I1F[#1 == #2, 1, dot[#1l] +dot[#2]] @?
{outs, outs /. p}l;

lawl = dot /e insl; lawl = Thread[lawl -» (lawl /. p)];

law2 = dot /e ins2; law2 = Thread[law2 -» (law2 /. p)1;

{lawl, law2, Expand[dec]}];
VC[Cob[B_S, u_S, dotsl ], Cob[u_S, t_S, dots2_]] := Module]
{lawl, law2, dec},

{lawl, law2, dec} = VCLaw[B, u, t];
Expand[dec  (dotsl /. lawl) (dots2 /. law2)]1];

!
mO[i_, j_][o_S] := mO[i, jl[o] = Which[ @J_f’ @p

o[i] # J, Append[DeleteCases[oc, P[i, _] |P[_, §J1]1, Ploli]l, o[J11]1.,

o[i] = j, DeleteCases[o, P[i, J111; Joop cre sl o /,
m{i_, §_1[0_S] = mO[i, j1{o] * 1F[oli]l #§. {1}, {a,a}]; “rontld
mii_, j_1[d* o_S] = g*m[i, j]1[o];

xS =
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m[i_, j_]1[Cob[B_S, t_S, dots_]] := MOdU'e[{p- 1jdot, ndots, x},
p = ECP[B, t]; ijdot = dot[Min[i, j1];
ndots = Which|

BIi] #3 && c[i] #3, {({IF[(F /-p)# (J/-p), 1, dot[B[i]] +dot[z[i]]]}},
BLi] =j & t[i] #j, {{1, ijdot}}, rAtach in
BLi] #J && t[i] =j, {{ijdot}, {1}},
BLIT =j &8 c[i] =i, ('J‘j"t ijgot)];
ndots = Expand[dots * ndots] /.
dot[k_] = dot[k /. {i->pB[i], J>B[J1} /- {i->c[il, J~>cljl} /-
ECP[mO[¥, J1[B], mO[i, j1[z]]l];

IF[B[1] == && t[i] == J, Coefficient[ndots /. ijdot -» x, X], ndots]];

A Cm/‘llﬁm o
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(Kom[cs_, ds_] // Cob[gP'-- B_, P>~ z_, 1]) := Module[{L, o, d, Kk},
L = Length[cs]; pk_ = pk = Length[cs[[K]11; po = pr.1 = 0;
Kom |

MapThread[Join, List eee {
Append[cs /. o_S =» gP*Join[B, o], {}].

Prepend[cs /. o_S = g Join(c, o], (3] }], Tt o e
Table| MT ]\ 4\
1| (ok + Pr-1) (Prez +ok) =0, O, ¢ g2 e g @
d = Table[0, {ow1+Pk}> {Pk+Pk-1}]1: (}té J#i)

IT[k<L && pkpw,1 # 0, d[[L1 ;5 pker> 155 k]l =dS[[KII]; —7
IF[kK<L & ok # 0, d[[Pka1+1 35 Prar*+Pk> 135 pkl] = (-1)* IdentityMatrix[ox]];
IT[k>1 &8 pr1pk #0, dl[oker+1 55 Pksr +Pk> Pk+1 55 pk+poKe1]l] =ds[[k-11171;

d
]. ks Ly ]]]
mii_, jJ_][Kom[cs_, ds_]] := Kom[
Flatten /e Map[m[i, J1, cs, {2}1,
Table[
If[Length[cs[[k]]] ==0 || Length[cs[[k+1]]] ==0, O,
Table[

m[i, j][Cob[cs[[k, b]] /. g » 1, cs[[k+1, a]] /- q » 1, ds[[k, a, b]]]1],
{a, Length[cs[[k+1]111}, {b, Length[cs[[k]]]1}
1 // ArrayFlatten ],

{k, Length[ds]}] 1;
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Contract[kom_Kom] := Module[{cs, ds, L, k, done, a, b, ¢, ¥s6},
{cs, ds} = List ee kom; L = Length[ds];
For[k=1, k<L, ++k,
done = False; While[! done, done = True;
For[a=1, aslength[cs[[k+1]]], ++a, For[b=1, bsLength[cs[[k]]], ++b,
If[NumberQ[¢ =ds[[k, a, b]]] & ¢ #0 && cs[[k+1, a]] =cs[[k, b]],
done = False;
If[Length[cs[[k]]] <1 || Length[cs[[k+1]]1] =1, ds[[k]] =0,
¥é6 = Table[
VC[Cob[cs[[k, d]], cs[[k+1, al]l, ds[[k, a,d]]] /- q -» 1,
Cob[cs[[k, b]], cs[[k+1,c]], ds[[k,c,b]]l] /- g -» 1],
{c, Length[cs[[k+1]11}, {d, Length[cs[[k]]1}];
ds[[k]] = Expand[Drop[ds[[k]] -¢7'¥5, {a}, {b}]]]:;
cs[[Kk]] =Drop[cs[[k]]l, {b}]; cs[[k+1]] =Drop[cs[[k+1]], {a}];
If[k>1,ds[[k-1]] = If[ds[[k-1]] ===0, O, Drop[ds[[k-1]], {b}111;
If[k<L, ds[[k+1]] = If[ds[[k+1]] ===0, O, Drop[ds[[k+1]], {}, {a}11];
If[a<length[cs[[k+1]]], --a]; b=Lengthlcs[[k]11;] ]]]];
Kom[cs, ds]];

Kom[] = Kom[{{S[1}}, {}];
Cob[Xp[i_,J_,k , 0117 :=
Cob[qS[P[-i, jI,P[k, -111, g*S[P[-i, -1], P[j, k11, 1];
Cob[Xm[i_, j_, k_, 1_]] := Cob[q?S[P[-1, -j], P[k, 111,
g tS[P[-i, 1], P[-j, KI1, 1];
Cob[x_X] := Cob[If[PositiveQ[X], XpeeXx, XmeeXx]];

KhComplex[L_] := Module]
{pd =PD[L], kom=Kom[], inside= {}, pos},
While[Length[pd] > O,
pos = Last[Ordering[ (Length[ (List ee #) Ninside]) & /e pd]];
kom = kom // Cob[pd[[posS]]];
(kom = Contract[kom // m[#, -#]]) & /@ ((Listeepd[[pos]]) N inside);
inside = insidel] (List ee pd[[pos]]); pd =Drop[pd, {pos}]];
kom7]; fo”}; Nror ("\n'f_} (Ounf.
KhPO'y[L_] .- Expand [tLength@Select[PD@L+Range[O,Crossings[L]]_

(List ee Plus eee First @ KhComplex[L]) /. S[] - 1]

>
D =30
Y =l
Kom[] // Cob[qS[P[-1, 2], P[3, -4]1, g*S[P[-1, -4], P[2, 3]], 1] // m[-1, 2] //

Contract 1 2 Jdofc=
(aL[q @ CYD; Jots f]
Kom[ {{S[P[-4, 311}, {}}, {0}] T !
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Kom[] // Cob[Xm[1, 2, 4, 3]1] // Cob[Xp[4, 6,5, 311 // m[3, -3] // m[4, -4] //
Contract

Kom[ {{}, {S[P[-2, 6], P[-1, 5]]}, {}}, {0, 0}]
R31 = Kom[] // Cob[Xp[7, 9,6, 111 // Cob[Xp[8, 4,5, 9]1] // Cob[Xm[2, 3, 8, 711 //
m[-7,7] // 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]], 9 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[{{}, {q S[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]], 9°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 %j Q

True

K = TorusKnot[9, 5]; {TubePlot[K, ImageSize -» 80], KhPoly[K]} // Timing
{800.129129,

, q31t36 33t36+q35t38+q39t39+q37t40+q39t40+q41t41+q43t41+q39t42+

+q

Q42 gt L gt B gt 2gBt Mgt 2gV 520t 3 0t .
2q¥7t48 29t 531t 3051t 2q%8t4 gt 2q5lt%0 .
955150 + 253151 . 35551425852, q5 52+ q%%t52+3q57 53
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Sources at http://drorbn.net/AcademicPensieve/2013-06/



