SetDirectory["C: \\drorbn\\ Mat hBl og\\ 2008-06" ];
<< Knot Theory"
<< HeckeData. m

Loadi ng Knot Theory™ version of January 18, 2008, 18:17:28.7446.
Read nore at http: //katlas.org/w ki /Knot Theory.

Spar seArray [<544 320>, {362880, 362880}]

Perm /: Perm[pl___] **Perm[p2___1 := Perm[p2] [[{p1}]1];
Perm[BR[n_, {}]] := Permee Range[n];
Perm[BR[N_, {XSs___, X_}1]1 := Mdule[{a = Abs[x]},

Per m[BR[n, {xs}]] /. {a» a+1l, a+l1->a}
1

Phi 2[b_BR, k_] := Mdule[
{n=Firsteb, perm tt},
perm= Perm[b];
Sum[
tt =i;
Wiile[tt >n-k, tt =perm[[tt]]];
-d*t [tt]*BR[n, Join[
-Range[n-k+1, i -17],
Last eb,
-Range[l, n-k-17,
Range[i -1, 1, -1]
11,
{i, n-k+1, n}
1
1
Phi 3[BR[n_, xings_List], k_] := Mdule[
{| =Length[xings], j, Ift, rgt, jj, perm tt},
Sum(
j =Abs[xings[[i]ll;
Ift =JoinJ
-Range[n -k +1, nJ,
Take[xings, i -117,
Range[n, 2 +j, -1]
1
rgt =Join|
Range[j -1, 1, -1],
Drop[xings, i1 /. {jj_Integer = jj +Sign[jj1},
-Range[2, n-Kk]
1;
perm=Perm[BR[n +1, Join[Ift, {j, | +1, 3} rotlll;
tt =Perm[BR[n+1, rgt11[[If[xings[[i]1]1>0, ) +2, j+1111;
Wiilef[tt >n-k, tt =perm[[tt]]];
Expand [t [tt] * (
BR[Nn +1, Join[lft, {j +1}, rogt]1] -BR[n+1, Join[lft, {j}, rgtl]
)1
i, 1}
1
1

Flip[x_, j_1 := ReplacePart [x, {j »x[[] +111, | +1-Xx[[j11}1;
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HB /: hb_HB % BR[_, {}] := hb;

HB /: hb_HB * BR[_, {j_}1 /; j >0 :=1f[hb[[j1]1<hb[[] +1]],
Fliprhb, j1,

z+hb+Fliprhb, j]

1:
HB /: hb_HB*BR[_, {j _}] /; j <0 :=1f[hb[[-j]1] < hb[[1-j1]1,

Flipthb, -j1- z«hb,

Flip[hb, -j]
1
HB /: hb_HB*BR[_, {j _, jS__}] := Expand[Expand[hb *BR[O, {j }1]1*BR[O0, {js}1];
Proj [n_, Xx_] := Expand[HBee Range[n] =Xx];

Proj [BR[n_, | _11 := Proj [n, BR[N, 111;

cl [0, x_] := Xx;
cl [k_, x_Plus] :=cl [k, #] & /@ x;
cl [K_, hb_HB%x_.] := Mdule[
{n =Length[hb], p},
Expand [
cl [k -1, Expand[x =I|f [Last [hb] =n,
d*Drop[hb, -17,
1/v » Del eteCases [hb, n] *BR[0, Range[n -2, Position[hb, n][[1, 1]], -1]]
111
1
1

Y1[BR[n_, xings_]] : = Expand[(

cl [n, Proj [n+1, Phi3[BR[N, xings], n-111] + cl [n-1, Proj [n, Phi2[BR[n, xings], n-1]1]

y /. d > (1/v-Vv)/z];

Doubl e [BR[w_, br _List]] :=BR[2w, Flatten[{
br /. {j _Integer = {2 + {0, -1, 1, 0}}},
Tabl e[-Sign[Total [Signebr]], {2*Abs[Total [Signebr]1]}]
L

Y2[B_BR] : = Mdul e[
{DB = Doubl e[B], n =First @B},
Expand [ (
cl[2n-1, Proj[2n+1, Phi3[DB, 2n-2]1] +cl[2n-2, Proj[2n, Phi2[DB, 2n-2]]]
y /. d o> (1/v-v)/z]
1

I ndexOF Permut ati on[0, {}] =0;
I ndexOF Pernmutation[l, {1}] =0;
I ndexOfPernutation[n_, | _] :=
(n-1)t (n-Position[l, n][[1, 11]) +IndexCfPermutation[n-1, Drop[l, -1] /. n - Last[l]1];
Per mut ati onByl ndex [0, O] {};
Per mut ati onByl ndex [1, 0] = {1};
Pernmut ati onByl ndex [n_, k_] := Block[
{
tau = Permut ati onByl ndex [n -1, k~Md~ ((n-1)1!)], p=n-k~Quotient ~((n-1)1)
b
If[p=n,
Append [tau, n],
Append[tau /. tau[[p]] -» n, tau[[p]l]]
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1
1;

HeckeMatrix[n_, j_] := HeckeMatrix[n, j] = Mdule[
{out, i},

SparseArray [Fl atten[Tabl e[
out = HBee Permut ati onByl ndex [n, i]*BR[O, {j}];

({i, IndexCfPernmutation[n, List e #]}+1 -» Coefficient [out, #]) & /@
Cases[{out}, _HB, Infinity],

{i, 0 n!-1}
111

I

HM[n_, j_]1 := HM[n, j1 = SMP[
Map [Coef ficient [#, z, 0] & HeckeMatrix[n, j1, {2}1],
Map [Coef ficient [#, 2z, 1] & HeckeMatrix[n, j1, {2}]

1
SMP /: X_SMP %% y_SMP : = Modul e[
{degx = Length[x] -1, degy =Length[y] -1, i, Kk},
SWPee Tabl e[
Sum[

X[ +111.y[[k-i +1]1],
{i, Max[0, k -degy], M n[degx, k]}

1,
{k, 0, degx +degy}
1
1
ClosureMatrix[n_] := CosureMatrix[n] = Mdul e[
{out, i},

SparseArray [Fl atten[Tabl e[
out = Expand[cl [1, HBee Pernutati onBylndex[n, i1]1 /.
({i, IndexOPernmutation[n-1,
Cases[{out}, _HB, Infinity],
{i, 0, nt-1}
111

d- (1/v-v)/z];
List @@ #]} +1 -» Coefficient [out, #]) & /@

1;

ClosureMatrix[n_, 1] : = ClosureMatrix[n];

ClosureMatrix[n_, k_1 /; k>1 :=
ClosureMatrix[n, k] = Map[Expand, d osureMatrix[n].Cd osureMatrix[n-1, k-17,
Honf [BR[Nn_, | _1, k_] := Mdule[

{debug = True, tu, HStep, CStep, hm out},
| f [debug, tu=TineUsed[]; Print["Honf at
HStep[h_, j_]1 := h*«xHM[n, j1;

Cstep[h_, j_1 := Map[Expand, Dot [h, ClosureMatrix[j1], {1}1;
hm = Fol d[HSt ep, SMP[SparseArray[{{1} - 1}, {n!}11, I1;

| f [debug, Print ["Conputed hm time is ", TimeUsed[] -tu]l;
out =

Nor mal [Fol d[CStep, z”Range[O, Length[hm] -1]. (List e hm), Range[n, n-k +1,

| f [debug, Print ["Conputed out, time is ", TimeUsed[] -tul];
out

1

", BR[n, I'], ", ", k11;

{2}1;

-1111;

3
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Honf [b_BR] : = Honf [b, Firsteb-1];

Fast YI[BR[n_, xings_]]1 := Expand[Pl us]
Phi 3[BR[Nn, xings], n-1] /. b_BR = Honf [b, n],
Phi 2[BR[Nn, xings], n-1] /. b_BR = Honf [b, n-1]
1/.d-> (1/v-v)/zl;

Fast Y2[B_BR] : = Modul e[
{DB = Doubl e [B], n = First eB},
Expand [Pl us [
Phi 3[DB, 2n-2] /. b_BR = Honf [b, 2n-1],
Phi2[DB, 2n-2] /. b_BR = Honf [b, 2n-2]
1/7.d-> (1/v-v)/z]

1
{Brai dPl ot [B=BR[n =4, xings ={1, 3, 2, 1}1], k =2}

{Brai dPl ot [B=b1], Sinplify[Y1[B] /HOWLYPT[Mrror [B]]1[v, 211}

V\ —_—mmm
2HB[1]t [1]
{ - J

{B=Dbl, Double[B]}

{BR[3, {-1, -1, 2, -1, 2, -1, 2, 2}],
BR[6, (-2, -3, -1, -2, 1, 3, -2, -3, -1, -2, 1, 3, 4, 3,5, 4 -5, -3, -2, -3, -1, -2, 1,
3, 4 3,5, 4 -5, -3, -2, -3, -1, -2, 1, 3, 4, 3,5, 4, -5, -3, 4, 3,5, 4, -5, -3}1}
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Brai dPlot /@ {B=bl, CollapseBraid[Double[B]]}

A /\N’

SRS

/




6

OneParameterY - Program.nb

Y2 [BR[Knot [4, 1111

HB[1, 2]t [1] 6HB[1, 2]t[1 z2HB[1, 2]t 1
: 3] Sl [ J H+7vHB[1, 2]t [1] -4v3HB[1, 21t [1] - [ 5} []+
\' \

\"
5z2HB[1, 2]t [1] 10z2HB[1, 2]t [1
z [ . [t 102 [ U ]+21v22HB[1, 21t [1]-7v3z?2HB[1, 2]t [1] +
v v
4HB[1, 27t [1] 10z*HB[1, 2]t [1
z [ JtiH) 102 [ } H+13vz4HB[1, 2]t[1]-2v3z*HB[1, 2]t (1] -

v3 v
2z%HB[1, 2]t [1 2HB[2, 1]t[1 5HB[2, 1]t [1 3HB[2, 1]t [1
z [ ] []+2vzeHB[1,2}t[1}f [ ] []+ [ ] [}, [ Jt[1]
v voz v3z vz

3vHB[2, 1]t [1] 5v3HB[2, 1]t[1] 2Vv°HB[2, 1]t[1] 5zHB[2, 1]t[1] 12z HB[2, 1]t [1]

+ +
z z z Vo v3

5zHB[2, 1]t [1]

~11vzHB[2, 17t [1]+10v3zHB[2, 1]t [1] -v®zHB[2, 1]t [1] -

\"
2z3HB[2, 1]t [1] 11z3HB[2, 1]t [1] z3HB[2, 1]t |1
[ I [ LR [ J H-llvz?’HB[z, 11t 1] +
vo v3 v
2z5HB[2, 1]t [1 2HB[1, 2]t [2
3v3z3HB[2, 1]t [1] + [ ; U] -2vzSHB[2, 1]t[1]—¥+
\% A\

2HB[1, 27t [2] 3HB[L, 2]t [2]

- +4VHB[L, 2]t [2] -5V3HB[L, 2]t [2] +2VSHB[L, 2]t [2] -

v3 v
2z2HB[1, 2]t [2] 9z2HB[1, 2]t[2] 5z2HB[1, 2]t][2
z [ ] []+ z [ 12l 52 [ ) []+16v22HB[1,2}t[2}7
vo v3 v
2z4HB[1, 2]t 2 9z4HB[1, 2]t [2
11v3z2 HB[1, 2]t [2] +Vv®Zz?HB[1, 2]t [2] + [ ; Jteel [ e +
\ A"
2z5HB[1, 2]t [2]
12vz4HB[1, 27t [2] -3v3z*HB[1, 2]t [2] - +2vz8HB[1, 27t [2] +
\'
2HB[2, 1]t [2] G5HB[2, 1]t[2] 3HB[2, 1]t[2] 3VHB[2, 1]t[2] 5viHB[2, 1]t [2]
vz B v3z ' V4 " z B z '
2VvoHB[2, 1]t (2 3zHB[2, 1]t (2 2zHB[2, 1]t [2 8zHB[2, 1]t (2
v [ Jt[2] 3zHB[ 1t[2] 2zHB[ ][]+Z [ }[vazHB[Z,l]t[Z]f
z v5 v3 \Y
2z3HB[2, 1]t [2] 8z3HB[2, 1]t [2]
5v3zHB[2, 1]t [2] +3VvozHB[2, 1]t [2] - . + . +
\' \"

6z3HB[2, 1]t [2]
\
2z°HB[2, 1]t [2] z°HB[2, 1]t [2]

+ -2vz®HB[2, 1]t [2] -v¥Zz®HB[2, 1]t [2]
v3 v

~9vz3HB[2, 11t (2] -4v3Zz3HB[2, 1]t [2] +Vv5Zz3HB[2, 1]t [2] +

(Y2 /@ {BR[2, {1, 1, 1}]1, BR[2, {-1, -1, -1}]}) /. vo1

{-HB[1, 2]t [1] -4Zz*HB[1, 2]t [1] -z*HB[1, 2]t [1] -HB[1, 2]t [2] -
4z2HB[1, 2]t [2] -z*HB[1, 2]t [2], -HB[1, 2]t [1] -4z2HB[1, 2]t[1] -
z*HB[1, 2]t [1] -HB[1, 2]t [2] -42Z?HB[1, 2]t [2] -z*HB[1, 2]t [2]}

Phi 3[B, 2] /. b_BR : BraidPl ot [b]
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—

N / .
) DN

—

b \—/ t[1] -
) NN

—

N / -
AN

Phi 2[B, 2] /. b_BR = BraidPl ot [b]

bl = BR[Knot [8, 17]]

BR[3, {-1, -1, 2, -1, 2, -1, 2, 2}]

9
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b2 = BR[ArcPresentati on[Knot [8, 17]1]1]

KnotTheory::credits: MorseLink was added to KnotTheory' by Siddarth Sankaran

at the University of Toronto in the summer of 2005.

KnotTheory:.credits:
Vogel's algorithm was implemented by Dan Carney in the summer of 2005 at the University of Toronto.

BR[6, {1, 2, -3, -4, -3, -2, -5, -4, 3, -2, -2, -1, -2, -3, 4, -3, 2, 5, 4, 3, 2, 3, 3}]
Jones [#][q] & /@ {bl, b2}
{7+i4—i3+i2-E—6q+5q2—3q3+q4, 7+%—%+%—E—6q+5q2—3q3+q4}
a* 9 9> 4 q* o® o= d
Proj [b2] 7/ Short
z®HB[1, 4, 2, 3, 5, 6] + «<1144>> +z*HB[6, 3, 5, 1, 4, 2] -z3HB[6, 3, 5, 4, 1, 2]
t1l = Expand[cl [2, Expand[Proj [b1]]1] /. {HB[1l]1 -1, d- (1/Vv - V) /z}]
222 z*

1
1+ —+v2-52z%, +2v2z%2 - 4z%+ — +v2 24 -2
v2 v2 v2

6

t2 = Expand [cl [5, Expand[Proj [b2]]1] /. {HB[1l]1 -1, d- (1/Vv - V) /z}]

1 222 z4
——va+viy -5vz2+2v3z2+ — —4Avztiviziovz
v v v

6

t 0 = HOWLYPT [b1] [v, Z]
KnotTheory::credits: The HOMFLYPT program was written by Scott Morrison.
222 z4

1
1+ —+v2-5224 +2v2z%2 474+ —+v2 2724 -2
v2 v2 v?2

6

Simplify[tl/t0]
1

Sinplify[t2/t0]

Vv



