Dror Bar-Natan: Academic Pensieve: 2014-05: GoodFormulas: Demo.nb

Initialization

Program

Pensieve header: Demos for my Oberwolfach-1405 talk.
The .nb (source) file is at http://drorbn.net/AcademicPensieve/2014-05/GoodFormulas/.

SetDirectory["C. /drorbn/Academ cPensi eve/2014-05/GoodFor mul as/" ]
C.\drorbn\ Acadeni cPensi eve\ 2014-05\ GoodFor nul as

<< Knot Theory"

Loadi ng Knot Theory™ version of April 3, 2014, 16:23:56.0784.
Read nore at http: //katl as. org/w ki /Knot Theory.

rCol l ect [T[w_, A_]1] := r'[Factor [w],
Col | ect [)L, h , Collect [tt, t Factor] &]];
Format [T[w , A 1] Modul e [{S, M},
S = UnioneCases[r[w, 2], (h|t), = a, «];

M = Quter [Factor [6n,.t.,A] & S, SI;
M = Prepend[M t. & /@ S] // Transpose;
M = Prepend[M, Prepend[h; & /@ S, w]];

M 7/ MatrixForm];

T /: Tlwl , A1 ]T[w2 , A2 ] := Tlol*w2, AL+22];

M b oo [Tl A1] := Module[{a & w & 6 & ¢ v & ub,
a B 6 Ot.,h,A Ot hA Ot A
Yy 6 e] = atb'hal atb'hbl atb)t /. (t |h)a|b—>0;
o ¥ = A O A

y+adb/u e+é6/Uu
rlw=1-po tte 1 (J10000 210200) e 1]
/. (TaoTe, TooTe} 7/ I‘Collect];
1 1-T
Rpafb = I‘[l, {ta, tp}. (O Taa)- {ha, hb}];
Rmn = Rpy /0 Ta1/Ta;
a11 a1z a3 61 hy
_ ap1 Qpp Axz 6 h,
v=T[o, (t1ty ts ts). oy e | 1 Total s Total |
¢ ¢ @3 E hs
w hl h2 h3 hS
tq1 o1 a2 a3 61
to op1 agx o3 6
t3 o031 az2 azz O3
ts ¢1 ¢ @3 =

Y // Moy /7 M,y

w (1 -0gp — g3 0 — 03 + (12 A23) hy

2014-07-13 05:51:35

031—-012 031013 X22 X31 —023 Q31 +Q12 023 31 +01] X32+Q13 A1 A32—A11 (23 X32+021 X33~ (12 21 A33+

ty

1-0u2-0u3 02 -023+012 023

$1-0u2 p1-013 Q22 $1-0023 P1+02 23 P1+001 P2+0u3 021 P2-0u1 O23 P2 +021 P3-012 021 P3+0u1

ts
1-0a12-0u3 Q22-023+012 A23
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Y // Mpay // Moy

w (1 - o0aqp - 03 Oy — O3 + 012 O23) hy

t 1 031-012 031 -013 A22 (31 —023 Q31 +Q12 023 X31+A11 X32+X13 A1 Q32— Q11 023 (X32+021 A33— (12 (21 (33

1-a12-0u3 Q22-023+012 A23

¢1-012 P1-013 Q22 P1-0023 P1+012 Q23 P1+011 P2+A13 Q21 P2-01 023 P2+021 P3-Q2 021 P3+01
1-012-0u3 Q22-023+012 Q23

ts

MetaAssoc

ai; ajp; a3 61

_ Qa1 Oy Azz 6 .
7—1"[0). {ty, to, ta, ts}. Qa1 ay Ozs O . {hy, hy, hs, hs}],

¢1 o @3 E
(¥ 7/ Miosg // Mizyy) = (¥ // Myaso /7 Mioyg)

MetaAssoc

True

{Rmyy Ry, Rpgy /7 Migsy /7 Mpssn /7 Meesa,
Rpey Rmps Rmys // Mygyg /7 Mys,n // Mgzl

1 h, h, hg 1 h, h, hg
Ts Ts
t, P 0 0 t, P 0 o0
{[t, 22 2 o] |e, 22 2 o)
-1+T3 -1+T3 -1+T3 -1+T3
ta -, T 1 tg - T, . 1

¥ = Rmip 1 Rmp7 Rk RMy 11 RP16 5 RP6, 13 RP14, 9 RP10, 15
1 h, hy hy he hs hg
t, 0 0

-1+T,

[Eny
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>
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[b[Y =Y // Miko1, {k, 2! 10}]1 Y

T2iTie-Tu T
% hy hig hi> his hia  his  hye
Tia (~T1+T3+Tio) (-1+T1) (1-T1+T3) Toa Tas LTy (1-TieTR) T )
t Tiz (T3+T16-T1 Tie) T1 (T2+T16-T1 Tis) 0 Ti+T16-T1 T1s 0 1-T, 0
ty, 0 ES 0 0 0 0 O
T1
t 1o Ll 0 1 0 0O 0 ©
Ti2
t 13 0 0 0 T, 0 0 o0
t B (-1+T14) (—T1+T%+T15> B (-1+Tq) (17T1+T%) (-1+T14) T1e 0 (-1+Ty) (17T1+Tf) (-1+T14) 1 0 0
14 Tiz (T§+T16-T1 Tae) Ty (T3+T16-Ta Tag) T3+T16-T1 T1e
t 15 0 0 0 0 0o T, O
_ Ty (-1+Tse) _(=14Ty) Ty (-14Tge) (-1+T1)? (-1+Tae)
tie Tz (T3+T16-T1 Tie) TE+T16-T1 Tie 0 T3+T16-T1 Tae 0 0 1
8 17
¥ = Rm 1 Rmy7 Rmys Rmy 11 RP16 5 RPg, 13 RP14, 0 RP10, 15;
Doly = ¥ // Mys1, (K, 2, 16}]; ¥
8 17
14T 8T3 11 TH8TE-4THTE |
_ = N
t, 1
¥ = Rm Rp74 RPs,; Ry 11 RP1p o RP1g, 3
1 hy hy hs hsy hs hg hz hg hyg hyy hyy hyp
t, 1 0 0 o o Xh o o0 0 0 0 o0
1
t, O Ts 0 0 0 0 0 0 0 0 0 0
ts; 0 0 Tio 0O 0 0 00 O 0 0 O
ty O 0 0 T, 0 0 0 0 0 0 0 0
ts 0 1-Ts 0 0 1 0 0 0 0 0 0 0
te¢ 0 O 0 o 0 = 00 © 0 0 o0
1
t; O 0 0 1-T; O 0 1 0 0 0 0 0
tg 0 O 0 0 0 0 01 O o X o
8
t¢ 0 O 0 0 0 0 00 T, 0O 0 O
tp O 0 1-T, 0 0 O 00 O 1 0 O
t;; O O 0o 0 0 00 O 0 Ti 0
8
t, 0 0 0 0 0 0 O01-T, 0 0 1
Y // My // Misay // Mesy /7 Mhrap // Mhgao // Mhosp // M 1052 /7 M 1152 /7 M8 1253
(-T1-To+Ty Tp) (-To-T3+T> Ts)
0 h, h, hs
T 14Ty
t R A T 0
t - Ty (-1:T) Ts - (1-2Ty-To4Ty T2) Ts 14T,
2 (-T1-T2+Ty1 T2) (-T2-T3+T2 T3) (-T1-T2+Ty1 T2) (-T2-T3+T2 T3) ~T2-T3+T2 Tg
t Ty (-1+Tp) To (-14T3) T, (12T TpsTyTp) (-14Ts) 12T, T3, Ty
3 (-T1-To+T1 T2) (-T2-T3+T2 Ts) (-T1-To+T1 T2) (-T2-T3+T2 T3) ~To-T3+T2 T3
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¥ = Rpy6 RNy RMy; Rpg 13 Rmip 9 RMyg 35
Y // Mgy // Mis,a // Migay // Mhrso // Mgz // Mhoso /7 My 1052 /7 My 1152 /7 N 12,3

(-1+T1+To) (-1+To+T3)

T, Ts hy h hs

t T1 (-1+T1) T2 0
1 14T+ T 14T+ T

t (-1+T5) To T2 (1-Th-2Tp+Ty Tp) (-1+T5) T3
2 (=1+T1+T2) (-1+T2+T3) (-1+T1+T2) (-1+T2+T3) -1+To+T3

t (-1+T2) (-1+T3) _ (1-Ti-2Tp+TiTp) (-1+T3)  1-Tp,-2T3+To Ts
3 (-1+T1+T2) (-1+T2+T3) (-1+T1+T2) (-1+T2+T3) -1+To+T3

¥ = Rmig RP74 RPs, RN, 11 RP15 9 RP10, 3
Y // My /7 Weasa /7 Meana // Myoso // Moo // Myoo // Mg 252 /7 My 252 /7 M2 3,3

(=Te-To+ Ty T2) (-T2-T3+T2Ts3) hy h2 hs
t 1 1-T1-2T2+T1 T (-1+T1) To (1-T2-2T3+T, T3) (-1+T1) (-1+T3) T2 T3
~T1-T2+T1 T2 (~T1-To+T1 T2) (-T2-T3+T2 Ts) (~T1-To+T1 T2) (-T2-T3+T2 Ts)
t ) -1+T>, _ Ty (1-T2-2T3+T, T3) _ T (-1+T2) T3
~T1-To+T1 T2 (~T1-To+Ty T2) (-T2-T3+T2 T3) (~T1-To+Ty T2) (-T2-T3+T2 T3)
-1+T3 T2
ts 0 T T T

¥ = Rpy6 RNy RMy; Rpg 13 RMiz 9 RMyg, 35
Y1 = ¥ // Myyn 7/ Wea,1 /7 Measa /7 Myonn // Mhoyn // Mhoso // Mg 250 /7 Miy 250 // Mg 3,3

(-1+T1+T2) (-1+T2+T3)
T 275 hy h hs
t B 1-2T1-T2+T1 T2 _ (-1+T1) (1-2T,-T3+T, T3) (-1+T1) (-1+T>)
1 ~1+T1+T2 (-1+T1+T2) (-1+T2+T3) (-1+T1+Ty) (-1+To+T3)
t, T1 (-1+T2) T2 (1-2T,-T3+T, Ts) (-1+T2) T2
~1+T1+T> (-1+T1+T2) (-1+T2+T3) (-1+T1+T2) (-1+T2+T3)
Ta (-1+T3) T3
ts 0 EnAy ERna

{Yl // M3.,2, Yl // rT!BZ-)Z}

1-T1-2T2+2 T1 Tp+T3

h h
T, T3 1 2
{ i 14T+2 T3 Ty T,-T3+T1 T3 (-1+T1) (1-3T2+T3)
1 1-Ty-2To+2 Ty To+T3 1-T1-2To+2 Ty To+T3 |’
t T (-1+To) T2 To (1-T1+Ty Tp)
2 1-T1-2T2+2 Ty To+T3 1-T1-2T2+2 Ty T2+
(-1+T1+T2) (173 T2+T§)
- 3 hl h2
T, T3
t 12T Ty Ty ~1+Ty }
1 14T1+T2 14T,+T,
t Ty (-1+T2) T,
2 14Ty4T2 1:T,4T,
1-2T,-To+T1 T (=1+T1) (1-2 To-Tg+T2 Ta) (=1+Ty) (=1+T2)
a /3 o ~1+T1+To (-1+T1+T2) (-14T2+T3) (-1+4T14T2) (-14T+T3)
5 e Ty (-1+T>) Tp (1-2T,-T3+T, Ts) (-1+Tp) Ty .
¥ - -1+T1+ T, (-1+T1+T2) (-14T2+T3) (-14T14T2) (-14T,+T3) !
¢ ¥ = 0 T, (-1+T3) Ts
-1+Tp+T3 -1+T+T3
(—1+T1+T2) (—1+T2+T3)
W= ;

)

T, T2Ts
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-B(e+B) +y (e+6) +edp-0Y¢ /. T3>T,// Sinplify
(1+Ty (-2+Ty)) (-1+Ty)
<*1+T1+T2) <*1+2T2>

1-2T1-Tp+T1 Ty (-1+T1) (1-2Tp-T3+T, T3) (-1+T1) (-1+T>)
~14T1+T2 (-1+T14T2) (-1+T2+T3) (-1+T1+T2) (-1+T2+T3)
Ty (-1+T>) Ty (1-2T-T3+T, T3) (-1+T5) T, . .
-1+T1+To (-1+T14+T2) (-14T+T3) (-1+T1+T2) (-1+T2+T3) ) {1’ 1’ 1} // Fu' | SI erl ! fy
0 Ty (-1+4T3) T3
=14To+T3 ~14To+T3

{3—2T3+T2 (—5+T2+2T3>—T1 <4—3T3+T2 (—6+T2+2T3))
(—1+T1+T2) (—1+T2+T3)
Tl <71+T2> (fl+T2+T3> +T2 <*2*T2 (*3+T3) +T3> T2 <,]_+T3> +T3

(-1+Ty+Ty) (-1+T,+T3) -1+T,+ T3 }
_ 1-2T1-Te+T1 Ty _ (-1+Ty) (1-2 Tp-T3+T, T3) (-1+4T1) (-1+T>)
-1+T1+T2 (-1+4T1+T2) (-14T2+T3) (-1+T1+T2) (-1+T2+T3)
Ty (-1+T>) T2 (1-2Tp-T5+T, T5) (-1+T,) Ty . .
{1’ 1, 1} ~1+T1+T (-1+T14T2) (-14T2+T3) (-14T14T2) (-1+T2+T3) // FullsSi rT'pI ! fy
0 Ty (-14T3) T3
-1+To+T3 -1+To+T3

{1, 1, 1}

Cearf[a, B ¥ 6, 0, €, &, ¥, B u w]: I‘[w, {ta to, tS}.[

S X Q
< 0™
[ o ©

J. tha, ho, hs}]

w hg hy h

S
ta a B ©
tp ¥ 6 €
ts ¢ ¥ E
a B 6
I‘[a), {ta, tp, ts}. [y & 6]- {ha, hp, hs}] // Mapse
o ¥ E
~(-1+B)w  he hs
t -Y+By-ad -e+Be-656
¢ 148 148
t -p+B p-a -E+BE-0 Y
S -1+ -1+
a B 6
I‘[w, {ta, tp, ts}. |y & 6]- {ha, hy, hs}] /7 Mpasc
o ¥y E
-(-1+v)w he hs
t -B+By-ad -0 E-O+Y O
¢ -l+y -l+y
t -5 o-Y+y ¥ -E+Y E-€ ¢
S -l+y -l+y
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-B+B y-a & -a €-6+y 6
-1l+y -1+y . . .
L= | sopery -mymes | /7 SiMRIify /7 MatrixForm
-1l+y -1l+y

B-By+ad ae+6-y6

CP+Y-y¥Y E-yE+eP
FullSimplify[(E+ed¢/ (L-v)-1) (1-%)-(E+0¢/ (1L-B)-1) (1-B) /. {E> 1l-€e-6}]

-B(e+0) +y (e+6) +ep-6Y

Full Sinplify[(E+eé/ (l-v)-1)-(E+0¢/ (L-B)-1) /. {E- 1l-e-06}]

€ ¢ oy
+
1-v -1+78
rZ[L_] := Module[{s, Z, c, k},
s = Skel eton[L];
Z:
TimeseePD[L] /. X[i_, j_, k_, I _] = If [PositiveQ[X[i, |, k, 11, Rp;;, Rmi];
Do[Z = Z // My, 13, sc, kl»spe, 17> {C» Length[s]}, {k, 2, Length[s[cl]}];
Z];
TA[K ] := TZ[KIM1] /. T =T,
TMWAIL Link] := I\/bdule[{Hs, w, u, A},
{w, u} = List ee TZ[L];
Hs = Rest [hy & /@ (First /@ Skeleton[L])];

A= Quter [Ooeffici ent [p, #1%#2] & Hs, Hs /. hy = ta];
wDet [A-ldentityMatri xeLengt heHs] ]

Fact or [

]

rZ[Link["L6a4" 1]

1- TSkeI eton[L]1[1, 1]

KnotTheory:loading : Loading precomputed data in PD4Links’.

2014-07-13 05:51:35

TA[Knot [8, 17]]

KnotTheory:loading : Loading precomputed data in PD4Knots'.
1-4T+8T2-11T3+8T4-4T5+7T6

_ -

(1-T1-Ts+Ty Ts-Tg+Tq Tg+T5 Tg) (T1+T5-T1 T5+Tg-T1 Tg-Ts To+T1 T5 Tg)
hy
T1Ts Ty
t Ty (172 T1+T3-Ts+3 Ty Ts-T§ Ts-To+2 Ty Tg-T§ To+Ts Tg-2 Ty Ts To+
1 (1-T1-T5+Ty Ts-To+T1 Tog+T5 Tg) (T1+T5-T1 T5+Tg-T1 Tg-Ts Tg+Tq
t Ty (-1+Ts) (1-T1+T1 Ts) (-1+Tg)
S (1-T1-Ts5+T1 Ts-To+T1 Tog+T5 Tg) (T1+T5-T1 T5+Tg-T1 Tg-Ts Tg+T1
t (-1+Ts5) Ts (-1+Tg) (1-2T1-Tg+T1 Tg)
9 (1-T1-T5+Ty Ts-To+T1 Tg+T5 Tg) (T1+T5-T1 T5+Tg-Ty Tg-Ts Tg+Tq
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TMVA[LiI nk["L6a4" 1]
(-1+Tq) (-1+Ts5) (-1+Ty)
T Ts

Al exander [#][T]

Factor[ ]& /@ Al l Knots[{3, 9}]
TA[#]
1 1 1 1 1 1 1 1
{T, -, T4 741, 14,1, T, —, — T T, — T7T, -, -, — T, —,
T T T T2 T T T8 T
1 1 1 1 1 1 1
- = = T, = - T, 3T - 1, , LT, T T , T —, T T
T T T T T T
1 1 1 1 1 1 1 1
T —, — T3, —, —, —, —, =, T -, T —, — T4 1, T, —, T, T,
T T3 L S - R T T
1 1 1 1 1 1 1 1
— l! Ty l 11 1! T41 Ty T T4l 0 11 17 Ty T 11 TZ! 11 Ty 7}
T T3 T T T4 T2 T3 T2 T4 76
Fact or [I‘M\/A[tt] (Mul tivariabl eAl exander [#]1[T] /. T[i _1 = Tskel eton[n]m,l]])] & /@

Al'l Links[{2, 8}]

KnotTheory:loading : Loading precomputed data in MultivariableAlexander4Links’.

VT VT
{71—% Ts -T¥2TR2, - [T, 132, T2 T,, T2TZ T2TR, - L 5 T2 TR TR,
VT
T/ T e 3/2 [T
VT Vs —\/TVT_ 32712 L vh T2 RS AL 32 71/2
T3/2 ’ 1 ’ 1 5 T3/2 y T3/2, 1 ’ ’ ’ 1 5
9 5 5 7 Vg
[ [ VT / T3/ 32 Ty
-/ Ty ‘|'g/2l -/ Ty TE/Z, _ , _T?/Z Tg/Z, T TE/Z’ _ - , _TE/Z Tg/Z' -,
T T T T

7Tl T,, 7T% T3, 7T§ T3, 7Ti’/2 Tg/Z' 7T?/2 Tg/Z' 7T?/2 TS/Z, 7T§/2 Tg/Z /Tg, _ lTl, 7T§/2 T% T%l!

VT VT T TN

, , _TE/Z Tg/z TS/Z TiéZ, _Ti/Z TE/Z, _ ’Tl \/T7, _TE/Z T% T%l'

T4 Tu 342
VT1 VTs
- Te T8Tag, —+J Ty TE2T32, -T32T82 [Tz, - ——————, ~\JT1 VTs /To /Tis }
VTg VT13
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