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KnotTheory

KnotTheory

Initialization

Program

Pensieve header: Programs for g-calculus, development notebook.

<< KnotTheory™

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

BSimp = Factor; SetAttributes[pCollect, Listable];
BCollect[B[w_, A_]] := B[BSimp[e],
Collect[A, h, Collect[n, t, /SSimp] &]];
BForm[B[w_, A_]] := Module[{ts, hs, M},
ts Union[Cases[B[w, Al, (E|T)s = s, Infinity]];
hs = Union[Cases[B[w, A], hs_ = s, Infinity]];
M = Outer[BSimp[Coefficient[A, hy ty]] &, hs, ts];
PrependTo[M, t; & /@ ts];
M = Prepend[Transpose[M], Prepend[h; & /@ hs, w]];
MatrixForm[M]];
BForm[else_] := else /. B_B =» BForm[B];
Format[B_B, StandardForm] := BForm[p];

u_y == u /. t_-1;
tme y .2 [B_] = BCollect[B /. {tyy - tz, Txjy~T:}];
hmy y .z [Blw_, A_1] == Module|
{a=D[a, hi, B=D[A, hy], ¥=4a /. hyy > 0},
Blw, (a+ (1+(a))B)hz+y] // BCollect];
SWy_y [Blw_, A_]] := Module[{a, B, ¥, &, €},
a = Coefficient[a, hyt]; B = D[A, ] /. hy » O;
D[a, hy] /. & > 0; &6 =4 /. hy|t > 03
€ = 1l+aj;
Bloxe, a (1+(¥)/€) hyty + B (1L+(¥)/¢€) &«
+y/ehy +6-yxB/e€
] 7/ BCollect];
My y oz [B] == B // SWxy // hMyy,z // txy,z;
B /: Blwl_, Al _]1B[w2_, A2_] := Blwlxw2, Al+A2];
(R)xy = B[1, (Tx-1) txhy];
(R)xy = B[1, ((T)™'-1) tchy];
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tm
{B=B[w, Sum[azi,j-6 ti hj, {i, 1,4}, {J,5,6}]],
Oy =87/ tmpyp,g // thyg,,
02 =B // thmys,o // tMmio,,
0; = 0,
} 7/ ColumnForm

tm

w h5 h6

tl a1 O

t2 a3z Oy

t3 a5 g

t4 a7 Og

w h5 h6

1, oy +oag+0as5 0o +04 +0g
t4 a7 ag

w h5 h6

t, oy +oag+0as 0o +04 +0g
t4 a7 ag

True

hm
{B = B[w, Sum[asi.js ti hj, (i, 1,2}, {J,3,6}]],
01 =B // hmga,3 // hmgs,3,
Oy =B // hmys,s /7 hmgya,s;
01 =0,
} /- ai_= i 7/ ColumnForm

hm

t, 1 3
t, 5 6 7 8

W hs

t, 1+2+12+3+13+23+123+25+35+235.3
t, 5+6+16+56+7+17+27+127+57+257+6

htt
{[3 = B[w, Sum[02i+j_5ti hj, {i, 1, 3}, {js 4, 5}]]=
Oy =B /7ty // SWig,

~> O»

+ o+

=

o» W

~»> O»

+ o+

o

o» Ob

~> O»

o 5

, Ir ue}

Op =B // SWps // SWig // tMip,g;
0, = 0}
htt
w hg hsg w (l+og+0a3) h4 hs
t1 o o t (ca+og) (l+on+og+as) (cp+o4) (l+og+oz+as)
{ t a a , 1 l+ag+ag 1+ag+og
2 Y3 “4 t as —01p 05 -0l Ol5 +0lg+0l] Clg+03 Olg

t 3 05 Qg 3 l+ag+ag l+ag+og
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hht
{B = B[w, Sum[azi,j-s ti hj, {i, 1,2}, {§,3,5}]],
01 =B//hmas,z // swiz // BCollect,
O, =B //SWy3// SWyy // hmaa,z // BCollect;
0; =0,
} /e aio i // ColumnForm

hht

w h3 h4 h5
t, 1 2 3
t, 4 5 6
w(l+i+?+ié+é&) hs hs
1+i+21 i+é+ié+é21 1+é+5 é l+i+21 1+é+5
. 1] 1:8244) 1.2 t] g
1+1+2+12+24 1+1+2+12+24
¢ 4.6.15.45 34-35.135.345.6416+26+126+246
2 11.3:12.24 11.3.12.34
True
R3
{(R)s1 (R)e2 (R*)aa // OMygyq /7 OMys,o // OMae,3s
(R")61 (R7) 24 (R7) 35 // OMyayq /7 OMps,p // OMge,3l}
R3
1 h h, 1 h h,
-1+T> -1+T>
{ t, - T, 0 ’ t, - T, 0
t -1+T3 -1+T3 t -1+T3 -1+T3
3 Tz T 3 T T
8 17-1
B=(R)12,1 (R)27 (R) g3 (R ) 4,11 (R) 16,5 (R") 6,13 (R") 14,9 (R") 10,15
8 17-1
1 h, h3 hs h7 hg hiy hys his
t, 0 0 0 _ T 0 0 0 0
T2
ty, O 0 0 0 0 -2 0 0
4
te O 0 0 0 0 0 -1+T¢ O
tg 0 - 0 0 0 0 0 0
8
tiy O 0 0 0 0 0 0 -1+Ty
ty,, — =z 0 0 0 0 0 0
Ti2
t]_4 0 0 0 0 -1+ T14 0 0 0
tie O 0 -1+T4s O 0 0 0 0
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8 17-2
Do[ﬁ = ﬁ // gm]_k_,]_, {ks 2’ 10}]; ﬁ
8 17-2
Tf*ni% h, hyy his
i _(14Ty) Tae (T3+T35) (1T (1-Ty+7%) Tus Tis (-1+T1) (1-T1+T3) Tas
1 T2 Tip (T3+T16-Ta Tio) Ty (T3+T16-Ta Tag) T2 Ty6-T1 Tio
-1+Tq2
ti, - 0 0
t (-14T1a) (-T1+T3+T16) (-14T1) (1-T1+T) (-1+T14) T1e ~ (-14T1) (1-T1+TE) (-1+Taa)
14 Tiz (T3+T16-T1 Tie) Ti (T3+T16-Ta Tag) Ti+T16-T1 T1e
t Ti (-1+Tie) (-14T1) Ta (-1+Tie) _ (-14T1)? (-1+Tie)
16 Tiz (T3+T16-T1 Tae) T3+T16-T1 T16 T3+T16-T1 T16
8.17-3
DO[B = B // gm]_k_,]_, {ks 11, 16}]; B
8.17-3
1-4T;+8 T3-11 T3+8 T§-4 T3+T$
- =
ty
8 17-4
Alexander [Knot[8, 17]] [X]
8_17-4
KnotTheory:loading : Loading precomputed data in PD4Knots'.
8 17-4
1 4 8
11- —+ — - —-8X+4X-X®
X ox2 X
Recycling
StandardAlexander
1 0 0 0 0O T-1 O -T
-1 T 0 0 0 0O 1-T O
0 -1 T 0O 1-T O 0 0
T-1. 0 -T 1 0 0 0 0 . .
0 1-T 0 -1 T 0 0 0 [[11’711,,7]] // Det
0 0 0] -T 1 0O T-1
0 0O 1-T O 0 -1 T 0
0 0 0O T-1 O 0 -T 1

StandardAlexander

~1+4T-8T?+11T3-8T4+4T°-T6

Work in Progress
GD[K_] := GD ee (
PDIK] /- X[i_,J_,k ,1_] = If[PositiveQ[X[i, J, k, 117,

Ar[l, i, +1], Ar[j, 1, -1]
1
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BZ[L_] := Module[

{skel, B, s, ki,

skel = Skeleton[L];

B =Times @@ GD[L] /. {Ar[x_, y_, +1] » (R*), Ar[x_,y_, -1] = (R)u};

Do [

Do [

B =B // OMgrerris,111, skel[[s.k]]»skel[[s,1]]
{k, 2, Length[skel[[s]]]}

{s, Length[skel]}

|E
B

]

BZ[Knot[8, 171]1[[1]]
1-4T;+8T2-11T3+8T4-4T5+ T8
T

BZ[#][[1]]

Factor[ ] & /@ AllIKnots[{3, 8}]
Alexander [#] [T;]
1 1 1 1 1 1 1 1 1
{71 Tli Ty T 11 1! 11 ] Til T%I s T%y .
T TZ T T ™ T LERE Y
1 1 1 1 1 1
Tll T14 T%l — le Tl! le Tl, s Tl! le R T T14 11 T?i 11 7}
Ty LK T T LE

BCollect[Bulw_, A_, u_]] := Bu]
BSimp[w],
Collect[a, h_, gSimp],
Collect[u, h_, Collect[#, t_, pSimp] &]

]:

Bu[ns_List, Blw_, u_]] := Module[{A},
A = (1+Coefficient[u, #] /. t_ - 1) & /e ns;
Bu[w,

Thread[ns » 1],
-u o+ (r]S /. hay = taha).)t
] 77 BCollect

]:

B[Bulw_, A_, pu_1] = O;
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BO = BZ[L = Link["L6a5"]]

(-1+T1+Ts) (-1+T1+Tg) (-1+Ts5+Tg)

2013-02-05 05:27:33

hs

(-1+T1) Ty
(-1+T1+Ts) (-1+T1+Te

(-1+Ts) (—1+2 T1-T3+T5-T1 T5+2 Tg-2 Ty Tg-T5 To-T1

T3 hy
¢ (-14Ty) (1-Ty-Ts-To+Ts To+Ty Ts To)
1 Ts (-1+T1+Ts) T (~1+T1+To)
t5 _ (-1+Ts) (-T1-Ts+T1 T5+T1 Tg+Ts Tg)
(-1+T1+Ts) (-1+T1+Tg) (-1+Ts+Tg)
to (-14Tg) (1-Ty-Ts+Ty Ts-To+Ty To+Ts To)

(-1+T1+T5) (-1+T1+Tg) (-1+Ts+Tg)

Bu[{h;, hs, hg}, BO]

T1 (-1+T1+Ts) Tg (-1+T1+Tg) (

(-1+Tg) (-T5+T1 T5-To+T1 T.

(=1+T1+Ts) (-1+Ty+Tg) (-1

“1+T+T “1+T,+T -1+Ts5+T 1 1
BUW 1+7Ts) ( 1+ Tg9) ( 5 9)1{1% Che s h }
Ti T2 Tg Ts To T, To T, Ts
ty (-1+Tq) ts (-1+Ts) Ty to T3
h9 + + +
-1+Ty+ Ty (-1+Ty+Tg) (-1+T5+Tg) (-1+Ty+Tg) (-1+T5+Tyg)
h tlT% t5 (—1+T5> (—Tl—T5+T1T5+T1T9+T5T9)
+ +
' (-1+T1+Ts5) (-1+T1+Tg) (=1 +Ty+Ts) (-1+T1+Tg) (-1+Ts5+Tg)
tg(—l+Tg) (1—Tl—T5+T1T5—T9+T1T9+T5Tg)
n
(-1 +Ty+Ts) (-1+Ty+Tg) (-1+T5+Tg)
h ( tl (—1+T1)T1 tg (—1+Tg) (—T5+T1T5—T9+T1T9+T5Tg)
5 + +
(-1+Ty+Ts) (-1+Ty+Tg) (-1 +Ty+Ts) (-1+Ty+Tg) (-1+T5+Tg)

(ts (~14TieTs-TaTo-TEs T Te+To-Ti To-Ts To+ Ty Ts To + T4 Tg ) ) /

((71+T1+T5)(71+T1+T9)(71+T5+Tw))}

BMVA[BU[w_, A_, u_]]1 := Module]
{Ibls, mat},
Ibls = Rest[First /e A];
mat = Outer [

Coefficient[u— Ibls-(lbls /. ha = ta), nl*nZ] &,

Ibls, Ibls /. hy » t,
]:
Print[mat];
Print[{w, Det[mat]}];
w+Det[mat] / (1-a[[1, 1]] /- hi_~>T;) // Factor

|E

BMVAIL_Link] := BMVA[Bulhys & /@ (First /e Skeleton[L]), BZ[L]1]]

BMVA[L]
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{hs, hg}

{{ 14Ty +Ts-TyTs-T2+TyT2+To-T1 Tog-Ts Tog+ Ty Ts Tg + T2 Ty
-1+

(-1 +Ty+Ts) (-1 +Ty+Tg) (-1 +Ts5+To)
(-1+Tg) (-T5+T1y Ts -Tg+Tq Tg + T5 Tg)

(-1+T1+Ts) (-1+T4+Tg) (-1 +Ts+Tg) }

(-1+T5) T TS
{ 5 9 , 1. 9 }}
(-1+Ty+Tg) (-1+T5+To) (-1 +Ty +Tg) (-1 +Ts5+To)

BMVAIL = Link["L8al6"]]

[{-1- (T (1-2Ty+T5-T5+38TaT5-2T5 T -Ta TE+T{TE - Toy + 2 Ty Tua - T3 Tag + Ts Taa -5 T1 Ts Tug +
8TiTs Ty +2Ta TEToy -2 T TaTry + Ta Ts T4 - Ti Ts T4y - Ta TETE, + TE T2 TS, ) ) /
(1-2T1+T{-2Ts+4T1Ts -2 T{ Ts + TE-2Ta TE+ T TE-2T0y +4 Ty Tyg -2 Tf Tug +
4T5Ty -10Ty TsTyy +6T9 Ts Tag ~2 T8 Tyg +8 Ty T2 Ty -5 T2 T2 Tay - Ty TETag + T2 TE Ty +
T3, -2T1 T3, +T2T3, -2T5 T3, +8 Ty Ts T2, -5 T3 Ts T2, « Té T2, -8 Ty T2 T2, + 6 T2 T2 T3, +
2T T -2 T3 TY -y Te Ty + Ti Te T3 +2 Ty T3 T, -2 T T8 T3, -Ta T3 T3, + T T2 T34 ),
(Ts (-1+T11) (1-2Ty+ T +TaTs-TiTo + Ta Tua - TETys -3 Ty To Tag +2T§ Ts Tay +
ToTETo - T Ty + T Ts T3 - T Ts T4, -Ta TETE, + TITE T, ) ) /
(1-2Ty+T{-2T5+4TyTs-2T{ To + TE-2Ty TE+TETE -2 Ty +4 Ty Ty -2 T{ Typ +
4TsT11-10Ty TsTay +6 T3 Ts Tug ~2TETyy +8 Ty TE Ty -5 T TETyg - Ty T2 Tyy + TR T2 Tag +
T2, 2Ty T2, + T3 T3, -2Ts T3, +8 Ty Ts T2, -5 T2 Ts T3, + T2 T2, -8T1 T2 T3, +6 T2 T2 T3, +
2T T - 2T T3T - T Ts T3 + TiTo T3, + 2 T T4 T, -2 T T8 T3, -Ta T35, + T T2 T34 ) },
{((-1+T5) Tia (1-2Ta+T5-Ts+2TaTs-T{Ts - T1a +2Ta Tua - T5 Tag + Ts T1a -5 T2 Ts Tag +
3T TeTuy +Ta T Ty - TE T Tra + Ta T T3, - T3 Ts T3, - Ta TET5, + T3 T2 T5,) ) /
(1-2Ty+T]-2Ts+4T1Ts -2 T T+ T4 -2Ty TE+TETE-2Tyy +4Tu Ty -2 T Tag +
4TsT1y 10Ty Ts T1a +6 T3 Ts Tag -2 T8 Tug + 8 Tu TET1a -5 T3 T Tay - Ta T Tag + TE T Taa +
T2, 2Ty T2, + T3 T3, -2T5 T3, +8 Ty Ts T2, -5 T2 Ts T2, + T2 T2, -8 T1 T2 T3, + 6 T2 T2 T3, +
2T T - 2T T3TY -TaTs T3 + TiTe T3 +2 Te TE T3, -2 T T8 T3, -Ta T2 T3, + TE T2 T3, ),
“1-(Ts (1-2T1+T§-Ts+2T1Ts-T§ Ts - Tay +3Tu Tig -2 T Tua + Ts Tag -5 Ty Ts Tag + 3T Ts Tag +
ToTaTy -TiTaTy -Ta T3 + T T3 + 2 Ta Ts T4 -2 T5 T T, -Ta TET5, + TETET5,) ) /
(1-2T1+T{-2Ts+4T1Ts -2 T To + TE-2Ta TE+ T TE-2T0y +4 Ty Tyg -2 Tf Tug +
4T5T11-10Ty T Ty + 6 Ti Ts Ty -2 T4 Tay + 8Ty T Tay -5 TF TETay - Ty T3 Tag + T TE Ty +
T3, -2T1 T3 +T2T3, -2Ts5 T3, +8 Ty Ts T2, -5 T3 Ts T2, + T2 T2, -8 Ty T2 T2, +6 T2 T2 T3, +
2T T -2 T T3 TY -TaTe T3 + T3 Te T3 +2 Ta T T3 -2 T TE T, -Ta T2 T3, + TE T2 T4 ) }}
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{ 1
T1Ts Ty
4TsT11 -10T T Ty +6 T Ts Ty -2 T2 Ty + 8T T2 Tus -5 T2 T2 Tyy - Ty TE Ty + T2 T Tug +
T2, - 2Ty T3, +T3T2, -2 Ts T2, +8T1Ts T3y -5 T2 Ts T2, + T2 T2, -8 Ty T2 T3, +6 T2 T2 T2, +
2Ty T 75 -2 T T3 T -TaTs T3 + T3 Te T3 + 2 Ty TE T3, -2 T T3 T3, -Ta T3 T3, + TE T2 T34 ),
“((-1+Ts) Ts (-1 +Tag) Tag (1-2Ty+ T3+ T Ts-TiTo+ Ta Tag - T§ T1a -3 Ty Ts Tug +
2T T Tua + Ta T8 Tua - TE T Toa + Ta Ts T4, - T3 Ts T3, - Ta TE T3, + T TE T3
(1-2Ty+T4-Ts+2T1 T -T5 T -Tuy +2Tu Ty - T4 T1g + Ts Ty -5 Ty Ts Tyg +
BT iTs Ty + Ta TéTay - TE T Toy + Ty To 15, -Ti Ts T4, -Ta TE T + T3 TE T, ) ) /
(1-2Ty+T{-2Ts+4TuTs -2 Ti T+ TE-2Ty T+ T3 T8 -2 Ty +4 Ty Ty - 27T5 Tyg +
ATsTy1 -10Ty T Ty +6 T Ts Tyg -2 T2 Ty + 8Ty T2Tus -5To T2 Tyy - Ty TETyy + T2 TE Tyy +
T2, - 2Ty T2, +T2T2, -2 Ts T2, +8 Ty Ts T2 -5 T2 Ts T2, + T2 T2, -8 Ty T2 T3, + 6 T2 T2 T2, +
2
2T T - 2T T3T -y Te T + Ti Te T +2 To T3 1Y, -2 T T8 TS, -Ta T3T3, + TE T3 T3, ) +
(-1-(Ts (1-2Ty+T5-Ts+2TaTs-TiTs-Toa +3 Ty T1a -2 T3 Tay + Ts T1a -5 Ty Ts Ty +3 T T T +
ToTETy -TiTE Ty -Ta TH + T T3 +2Ta Ts T -2 T T T, -Ta TET5, + TETE TS, ) ) /
(1-2T1+T§-2Ts+4Ty1Ts -2 T To + TE-2 Ty TE+T{ T4 -2T1y +4 Ty T1g -2 T Ta +
4T5T11-10Ta T Ty + 6T T Ty -2 T3 Tay +8Ta TaTag -5 T3 T Tag - Ty T8 Tag + T T Tua +
T -2Ta T3 + T3 T4 -2 Ts T4 +8 Ty Ts T4, -5 T Ts T4, + TET5, -8 T1 T4 T4, + 6 T{ T3 T4, +
2T T -2 T T -TaTe T + TETs T3 + 2 Ty T TH -2 TE T3 TS -Ta T2 T3, + TE T2 7Y, ) )
(-1-(Toa (1-2T1+T5-Ts+3T1T5-2Ti T -To TE+ TE TE - Tag +2 Ty Tag - T Taa + Ts Taa -
5Ty ToTig +3 T To Ty + 2 T T8 Tay -2 T T Toa + Ta T T3, -Ti T T4, -Ta TETE, + TITE T, ) ) /
(1-2T1+T§-2T5+4 Ty Ts -2 T To + TE -2 Ty TE+T{ T4 -2 Ty +4 Ty Ty -2 T Ty +
ATsT11-10Ty Ts Ty +6 T3 Ts Tay ~2 T Tay +8 Ty TET1y -5 T TE Ty - Ty T8 Tyy + TR T Tay +
T2, 2T T3, +T3T2, -2 Ts T2, +8Ty Ts T3y -5 T2 Ts T2, + T2 T2, -8 Ty T2 T3, + 6 T2 T2 T2, +
2T1T§T§1—ZTETSTfl—T1T5T§1+T§T5T§1+2T1T§T§1—2T§T§T§1—T1T§T§1+T§T§T§l))}

(1-2Ty+Ti-2Ts+4 Ty Ts -2 T T+ TE-2Ty T+ T5TE-2Tyy +4 T1 Ty -2 7T Tag +

(-1+Ty) (-1+Ts5) (-1+Tq1) (1+Ts5Tyq)
Ty Ts5 Ty

BZ[L]

1-2T1+T3-2Ts+4 Ty Ts-2 T3 T5+T28-2 Ty T8+T3 T2-2 Ty +4 Ta T1a -2 T3 T1a+4 Ts T11-10 Ty Ts Ty +6 T3 Ts T1a 2 T8 T +8 Ty T8 Ty -5 T3 T3 Tiu-Ta T

Simplify[m(MultivariabIeAlexander[1:] [T] /- T[i_] = TSkeIeton[n][[i,l]])] & /@

AIILinks[8]

KnotTheory:loading : Loading precomputed data in MultivariableAlexander4Links’.

$Abort ed
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test:—(ﬁ (-1+Ts) (-1+T11))/
((-1+T5)2 (-1 +T11)2+T§ (-1+Ts) (-1+Tyy) (L-Tyg+TE (-1+Tyy) Tyy-
Ts (1-3Ty+TH)) -T1 (2 (-1+Ty) %+ T3 (-1+T11)2 Ty + Ts
(-4+10Ty -8T5, +T3) -2T2 (-1+4 Ty, -4T5 +T3,)))°

S(NTL -14Te) (<14 Ta) )/ ((-14Te)? (<14 Ta)?s
TE(-1+Ts) (-1+Tyq) (1-Tag+TE (-1 +Tyq) Tog =T (1-3Tyy +T5) ) - Ty (2 (-1 +Ty)?+
TE(-1+T0)? Ty +Ts (-4+10Ty; -8T5, +T3,) -2T3% (71+4T1174T§1+T§1)))2

AlILIinks[8][[16]]
Link[8, Alternating, 16]

MultivariableAlexander[L] [T]
(-1+T[1]) (-1+T[2]) (-12+T[3]) (L+T[2]T[3])

VT[] T[2] T[3]
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