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Initialization

Program

MetaAssoc

MetaAssoc

Pensieve header: Finding the Gauss-Gassner-Alexander formula. Seeded at pen-

sieve://2015-07/PolyPoly/.

SetDirectory["C:/drorbn/AcademicPensieve/Talks/NCSU-1604/"];

<< KnotTheory"

Loading KnotTheory  version of September 6,

Read more at http://katlas.org/wiki/KnotTheory.

Xs[xs_Xs]

Xs[L_]
Xse@ePD[L] /. X[i_, j_ , k_, 1] =» If[PositiveQ[X[i, j, k, 1]1], Xp[1l, i], Xm[j, i]];

I'Collect[T[w_, A_]] := T'[Simplify[«],
Collect[A, h , Collect[#, t , Factor] &]];

= XSy,

Format[T'[« , 2 ]] := Module[{S, M},

]

M
M
M
M

Union@Cases[I'[w, 1],
Outer[Factor[On,t,,1] &, S, S];

Prepend[M, t;s & /@ S] // Transpose;

Prepend[M, Prepend[h; & /@ S, w]];

// MatrixForm];

T /: Tlwl_, A1_]1T[w2_, A2_]

a 3 6

RP a_b_

Rm,

€s :=

g= I‘[w, Tr[

(8 // mi251 // mizs1) == (8 // me352 // mizs1)

True

/.

-
-

On, A On, A

0
Rp.r /. Ta—)l/Ta;

I'[l, t2ha];

t1 a1l 12 a13
t2 (v | a21 az22 az3
t3 as1 as2 as33

ts 1 P2 @3
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{T2> T, To> T} // I‘Collect];

rlt, [ (5) (3 Yo

Ta

61
62
O3

&
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h;
h;
hs3
hs

T[wl*w2, A1+ A2];

Mz b »c [I'[[d_, /1_]] t= MOdUJ-e[{al B, ¥,6,6,€,¢,¥,E, u},

Ot.,h, A Ot,,hy A O¢, A
(7 5 e] - [atb,ha/z O¢, n, A Bt A
¥
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R3
{Rms1 Rme¢2 Rp3s // mi4s1 // m2552 // M36s3,
Rpe1 Rmzg Rmss // mia51 // m2s52 // mags3}
R3
1 h h, h; 1 h h, h;
Ts Ts
{ t, 0 0 t, = 0 0 |
-1+T2 1 ’ -1+T2 1
t2 T2 T3 0 t2 T2 T3 0
-1+T3 -1+T3 -1+T3 -1+T3
t3 - T2 T3 t3 - T2 T3
8 17
z = Rmj2,1 Rmz7 Rmgs Rmy, 11 Rpig,5 RPs,13 RP14,9 RP10,157
Do[z = z // mixs1, {k, 2, 16}];
z
817
[11-%+4—-8—-8T1+4T{-T§ h;
T3 T2 T1
t 1

Extras

Four types of R

{Rp12 // mi251, Rpi2 // m2151, Rmiz // mi251, Rmiz // m2151}

{Tlhl 1 n Tl—lhl 1h1}
tll’tll’tll’tll

Two types of R2

{Rp12 Rm3g // mi351 // m2452, Rpi2 Rm3g // mi3,1 // ma252})

1 h; hy 1 h; hy
{lts T 0, |ts 1 0 |}
t, 0 1 t, 0 1

Main

Xs[K = Knot[8, 17]]

: Loading precomputed data in PD4Knots".
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Xs[Xp[l, 6], Xp[7, 14], Xm[3, 8], Xm[13, 2], Xm[5, 12], Xm[9, 4], Xp[1l, 16], Xp[1l5, 10]]
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GG[xs Xs, k_, F_] := Module[{xl, len, y, cuts, pcuts, ¥y, 1},
xl = List@@ xs; len = 2 Length@xs;
Sum|[
cuts = Unionee (Listeeevy) ;
Fl
y /. Thread[cuts -» Range[Length@cuts]],
Y = €len+s1 Times@@xl /. {Xp[a , b ] =» Rpap, Xm[a , b ] =» Rmap} /. T -»T;
Do[
If[! MemberQ[cuts, j], ¥ =¥ // mj, j+15541],
{j, len}
17
A = y[21;
Table [Simplify [0t ,n,A], {a, cuts{{len+1}}, {b, cuts{{len+1}}]
1,
{y, Subsets[x1l, k]}
]
1;
GG[K_, k_, F_] := GG[Xs[K], k, F];

GG[K, {1}, F] // Short

(1-T+T2)% (-1+T-2T2+73)

Fl{xm[1, 2]}, {{- - ,
(-1+T) (—1+<<9>>+T7) (—1+T)2(1—T+3T2—T3+T4)
, - }, {<1>1,
T4 T3
(-1+T) (<<1>»> <«<1>2 <<1l> 1
{ , - ,—3+—+4T—2T2+T3}H+<<6>>+<<l>>
T2 «<1>> T
Fl[xs_List, m_] := F[xs, MatrixForm[m /. T->1]];

GG[K, {2}, F1] // Short

1 000O
01 000
F[{xm[1, 2], Xp[3, 4]}, [0 0 1 0 0 |]+
00010
00001
100 00O
01 00O
F[{xm[1, 2], Xp[4, 3]}, |0 0 1 0 0 |]+<<19> +
00010
0 0001
10000 100 00
01000 01000
2F[{xp[2, 4], Xm[3, 1]}, |0 0 1 0 O |]+F[{xp[2, 4], Xp[3, 11}, |0 0 1 0 O ||
00010 00010
00001 0 0001
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FO[xs_List, m_] := F[xs, MatrixForm[m]];

GG[K, {1}, FO] // Short

F({Xm[1l, 2]}, (<1>)]+F[{Xm[1l, 2]}, (<1l>)]+
Fl{Xm[2, 1]}, (<1>)]+F[{Xm[2, 1]}, (<l>)]+ <<1> +
F({Xp[1, 2]}, (<1>)] +F[{Xp[1, 2]}, (<1>>)]+F[{Xp[2, 1]}, (<<1>>)]
FA[{x_}, m_] := Module[{all, al2, al3, a2l, a22, a23, a31, a32, a33},
all al2 al3
[a21 a22 a23 | = my;
a3l a32 a33
Simplify [Times [
If[Head[x] === Xp, +1, -1],
-a23 a32 +a22 a33 al3 a32-al2a33
If[x[1] =1, ]

al3 a32 +a33-al2a33 ’ a32 -a23 a32 +a22 a33

]]
]

GG[K, {1}, FA] // Simplify
-2+4T-11T3+16T4-12T>+4T"

1-4T+8T2-11T3+8T4-4T54+T6

Alexander[K] [T]

1 4 8

11-—+ —-—-8T+4T2-T3
TS T2 T

Table|

ZK = Times @@Xs[K] /. {Xp[a , b ] » Rpay, Xm[a_, b ] » Rmyp} /. T ->T;

Do[ZK =ZK // mi,x>1, {k, 2, 2 Length[Xs[K]]}]’

ZK = ZK[1];

alex = Alexander[K] [T] ;

g9 = GG[K, {1}, FA];

{K, ZK, T*D[Log[ZK], T], gg, alex, gg-ToOrLog[alex]} // Factor // Simplify,
{K, AllKnots[{3, 8}]}
] // MatrixForm

Knot [3, 1] 1+4 -1 —
Knot [4, 1] ~1+3T-T2 S
Knot [5, 1] LI e S
Knot [5, 2] 273$—3+2T2 - %

2 (-1+T2
Knot [6, 1] 5-2-2T ﬁ
Knot[6, 2] =3 - Tl_z * % +3T- T l:§+T3+§7T32?;+T23E;4
Knot [6, 3] S+ T1_2 - % -3T+T? 1:§+T3+£_T32E§+T23E;4
Knot [7, 1] A e S

http://drorbn.net/AcademicPensieve/Talks/NCSU-1604/#MathematicaNotebooks



Dror Bar-Natan: Academic Pensieve: Talks: NCSU-1604: GaussGassner.nb

Knot[7, 2]
Knot[7, 3]
Knot[7, 4]
Knot[7, 5]
Knot[7, 6]
Knot[7, 7]
Knot [8, 1]
Knot[8, 2]
Knot[8, 3]
Knot[8, 4]
Knot[8, 5]
Knot[8, 6]
Knot[8, 7]
Knot[8, 8]
Knot[8, 9]
Knot[8, 10]
Knot[8, 11]
Knot[8, 12]
Knot[8, 13]
Knot[8, 14]
Knot[8, 15]
Knot[8, 16]
Knot[8, 17]
Knot[8, 18]
Knot[8, 19]

Knot[8, 20]

Knot[8, 21]

3-5T+3 T2
T4

T2 (2—3T+3T2—3T3+2T4)

T3 (477T+4T2)

2-4 T+5T2-4 T342 T4

1-5T+9T2_-5T3 4+ T4

3 7
— _ = + -
3 T2 T
_ 1-3T+3T2-3T3+3 T4-3 T5+T°
T4

-4 4+9T- 4172
5—%—5T+5T2—2T3
—(1—T+T2) (1—2T+T2—2T3+T4)
2 9 7

5+L—%—5T+5T2—3T3+T4

T2
~6+ 2 49T -6T2+27T3

(—1+T—2 T2+T3) (71+2 T—T2+T3>
T2

(1-T+12)°
T2
(-2+T) (-1+2T) (1-T+T?)
T3

—7+%+13T—7T2+T3

—7 4+ 2411T-7T24+273

2,2 11 _oq

T3 T2 T
(1-T+T?) (3-5T+3T?)
T5
1 _ 4 .8 9 _ 2
8 + = ot = 4T+ T

-8 - -+ 2 +11T-8T%+47T3- T4

(1-3T+7?) (1-T+T2)°
T3

T (1-T+T3-T5+T6)

(1-T+72)°
TZ
(1—3 T+T2) (1—T+T2)
_ E
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3 (4-5T+21?)
3-5T+3 T2
4-9T+12 T2-15T3+12 T*

2-3T+3 T2-3T3+2 T4
4 (3-7T+57?)
4-7T+4 T2
-10+416 T-15T2+8 T3-2 T*
2-4 T+5T2-4 7342 T4
-3+10 T-7 T2+T*
1-5T+7 T2-5 T3+T4
T (-5+18 T-15 T?+4 T3)
1-5T+9 T2-5 T3+T4
-6+7T
3-7 T+3 T2
-44+9 T-6 T2+3 T3-3 T°+2 T®
1-3 T+3 T2-3 T343 T4-3 T5+T°
T (-9+8 T)
4-9T+4 T2
-2+5T2-10 T3+6 T4
2-5T+5T?-5T3+2 T4

T (—3+8 T-15T2+16 T3-15 T%+6 T5)

(1—T+T2> (172 T+T2-2 T3+T4)
-6+12 T-7 T?+2 T4
2-6T+7 T?2-6 T3+2 T4
—2+3T-5T3+10 T*-9 T5+4 T®
1-3 T+5T2-5T3+45 T4-3 T5+T°
-2+9T2-12 T3+6 T*
(2-2T+T2) (1-2T+2 T?)

—2+3 T-7 T3+410 T*-9 T5+4 T®

(—1+T—2 T2+T3) (71+2 T—T2+T3)

_ 2+T-47?
1-T+T2
-6+14 T-9T2+2 T4
2-7 T+9 T2-7 T3+2 T4
-1+13T?-14 T3+3 T4
1-7 T+13 T2-7 T3+T4
—2+11 T2-14T3+6 T4
2-7 T+11 T2-7 T3+2 T4
-6+16T-11 T2+2 T4
2-8 T+11 T2-8 T3+2 T4

-15+32 T-33 T2+16 T3-3 T*
(1-T+T?) (3-5T+3T?)
~4+12 T-16 T2+9 T3-4 T5+2 T®
1-4 T+8 T2-9 T3+48 T*-4 T5+T¢
—2+4 T-11T3+16 T*-12 T>+4 T®
1-4 T+8 T2-11 T3+8 T*-4 T5+T®

-3+7 T-7 T3+3 T*¢
(1-3T+T?) (1-T+T?)

1-2 T+4 T3-6T°+7 T®
1-T+T3-T>+T®
2 (—1+T2)
1-T+T?
-3+8 T-5 T2+T*
(1-3T+712) (1-T+T2)
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