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Pensieve Header: Cheat sheat 8 verification program, continues pensieve://2014-05/.

Program

<< Knot Theory"

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

BSinplify =Sinplify;
Set Attributes[BCol | ect, Listable];
BCol lect [Blw_, o, wp_]1] := B[
BSimplifyl[w], o,
Col l ect [, _h, Collect[#, _t, BSinplify] &]

1;
hL[b_]1 := Union[Cases[b, h[s_] =» s, Infinity]];
tL[b_] := Union[Cases[b, t[s_]|Ts = s, Infinity]];
dL[b 1 := Union[hL[b], tL[b]];
o rh_ 1= (Bho /. 0-1);

Blw , o, p ]@A := Mdulel
{tails, heads},
tails = tL[B[w, o, u]]; heads = hL[B[w, o, ull;
CQuter [BSi mpli fy [0 a1y, hsoyu] & tails, heads]
1;
BForm[Blw_, o_, wp_]1] := Mdulel
{tails, heads, mat},
tails = tL[B[w, o, p]]; heads = hL[B[w, o, gll;
mat = Quter [BSi nplify[Onuig, =2 1] & heads, tails];
PrependTo[nmet, t /e tails];
mat = Join[
{Prepend[h /@ heads, w]},
Transpose [nat ],
{Prepend[(c rh[#]) & /@ heads, "1l+=/w"]}

1
Mat ri xFor m[nmat ]
1
BForm[el se ] := else /. b B =» BForm[b];

Format [b_B, StandardForm] := BForm[b];
B /: Blwl , ol , pul ] = B[w2 , o2, u2 ] := NMdule[

{heads, tails},

tails tL[{B[wl, ol, pl], B[w2, o2, u2]}];

heads hL[{B[wl, o1, pl], Blw2, o2, u2]1}1;

(wl = w2) && (ol = 02) && (

And ee Fl atten[Quter [
(Coefficient [ul, t [#1] h[#2]] = Coefficient [x2, t[#1] h[#2]]) &
tails, heads
11
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K

B /: Blwl , ol , pl 1B[w2 , 02 , p2 ] := Blwl *xw2, ol +02, w2upl+wl pu2];
tmix_, y_, z_1[b_] :=b /. {t[x]1->t[z], t[yl->t[z], Tx>T, Ty T}
hmix_, y_, z_1[Blw_, o, w11 := Bfo,

h[z] (o vh[x]) (o +h[y]) + (o /. h[x]|h[y]l -» 0),

h{z] (Dlu, h[x11 + (o vh[X]) Bnryyu) + (¢ /. h[x]1|h[y] - 0)

] 77 BCollect;
swapth[y , x_1[Blw_, o, u 1] := I\/bdule[
{a’ BJ YJ 5}1

(a B)_(Coefficient [, t[ylh[x1] D[u, t[y1l] /. h[x] ->0)
¥ 6 D[y, h[x1] /. t[y]l -0 p /. h[x]1|t[yl » O

B[w+a, o, {(orh[x])tIy], 1}.(: (0 + ) 5/3-7*3)/w)'{h[x]’ 1}] // BCol | ect

dnO[x_, vy , z 1[b 1 :=b // swapth[x, y1 // hm[x, y, z]1 // tm[x, y, z1;
dma_, b_, ¢ 1[B[w0_, o, u 1] := I\/bdule[

{wl a! BY X! 61 e! e’ ¢! llf! EY ca’ cb}!

w=w0 /. {Ta>Te, Tp>Tc},

{oa, ob} = {orh[a], orh[b]} /. {Ta>T., Tp->T.};

22

Y €
6 ¥ =

Ot [a], hia] ¥ Ot [a], hib] M Otfajs /. hlal |h[b] - O
[ Ot [b], hia] ¥ Ot [b], hib] ¥ Otmpyu /. h[al |h[b] - 0
Onpagi /. t[al [t[b] » O Snpyu /. t[al [t[b] » 0 x /. t[a] [t[b]|h[a]|h[b] -

J /. {Ta-»Te, Tp T},

B[w+/3,
hicloaob+ (o /. h[al |h[b] » 0 /. {Ta-T., Ty->Tc}),
y+oad+ob (ot+ca/3)+B\"/w;'“S e+cb6+%
{t[c], 1}-[ ¢+aad/+% E+% . {hc], 1}

] // BCol | ect

]

Unpr ot ect [NonConmrut ati veMul tiplyl;
bl_B %x b2_B := Mdul e[
{po, o, |abels},
p = blw(b2 /. {h[s_1 » h[o[s]], t[s_] = t[o[s]], Ts = Tos1});
| abels = dL[{b1, b2}7];
Do[p = p // dm[s, o[s], s], {s, |abels}];
P

|E
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BbRp[x_, y_1:
BORM[x_, y_1 :

B[1, Txh[yl, (Tx-1)*t[x]1h[y]l];
BI1, hiyl /Ty, (1/Tc-1)*t[x1h[y]l;

BbZ[L 1 := Module[{s, Z, ¢, k},
s = Skel eton[L];
Z=TinmeseePD[L] /.
X0, j ., k., 1 1= If[PositiveQ[X[i, j, k, 1'11, BbRp[l, i1, BbRmM[j, i11;
Do[Z = Z // dm[s[c, 17, s[c, k@I, s@c, 111, {c, Length[s]},
{k, 2, Length[s[cl]1}];
Z]

R3 for B-better

{BbRp[1, 2], BbRm[1, 2]}
1 h(2]

1 h[2] L
t[1] -1+7, |, | P01 -leo }
l+2/(JJ Tl 1

1+>/w ﬁ

BbRp[1, 2] »x BORP[1, 3]

1 hi[1] h[2] h[3]
t[l} 0 *1+T1 71+Tl
1+2/w 1 T]_ Tl

{BbRp[1, 2] »*xBbRp[1, 3] ** BbRp[2, 3], BbRp[2, 3] **BbRp[1, 3] »%= BbRp[1, 21}

1 h[l] h[2] h(3] 1 h[l] h[2] h(3]
t[1] 0 -1+Ty -1+Tq t[1] 0 -1+Ty -1+Ty

{ t[2] o0 0 Ty (-1+To) |” | t[2] O 0 Ty (-1+Ty) }
1+%/w 1 T1 T, T, 1+3/w 1 T, T: To

dm for S-better

{Bo =
a B 6
B[w, {0a, op, o}. {hea, heb, heS}, {(tea, teb, teS}. [y & e]. {hea, heb, h@S}],
¢ ¥ =
BO // dm[a, b, c]}
w hial] hib] h[S] B+w hic] h[S]
t[a] a I6] €] t [C] Y‘*’%‘*’éga‘*(a*'ﬁoa)Ub Be’éejw
{ t[b] k4 S € ! B -0t Y+d W+ w Oy BE-O Y+Ew }
t [S) ) 0 = t [S] — —
1+2/0w 0, Ob o 1+3/w Oa Ob
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(BO // swapth[a, b] // hm[a, b, ¢] // tm[a, b, ¢c]) == (BO // dm[a, b, ¢c]) // Sinplify

True

B+w hic] h[S]

t[c] Y+@+50—a+ (a+ B oa) op 35—59+eww+emob - - |

t [S] gécayruryocy pe-ov-me // FullSinplify // MatrixForm
"l+2/w" Ga O c

— -6
t [C} )/+BYQJ—O(6+503_+ (O(+Bo'a) Ob O+e (B;a))+9w0b
t [S} —o Y+ (B+w) + w Oy = BE-6y
w w

1+>/w Oa Ob -

Back to 8 (and -Burau)

a B 6
BO=B[w, {oa, op, o}. {hea, heb, heS}, {tea, teb, teS}. |y 6 € |. {hea, heb, h@S}]
o Y E
w hial] hib] h[S]
t [a] a B e
t [b] Y & €
t [S] ¢ ¥ o
1+3/0w 0o, Ob o

hm[a, b, c][BO]@A // MatrixForm

|

hm and swapth

o+ 3 0a
Y+60a
¢+ oa

I m o

(0t hm[a, b, c][BO]eA /.

Thread[{a, B, ¥, 6, 6, €, ¢, ¥, E} »w{a B, ¥, 6, 6, €, ¢ ¥, E}]) //
Full Sinplify // MatrixForm
a+[3o0q 6

Y+06 03 €

o+y¥oa =
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((w+a)*swapth[a, a][BO]eA /.
Thread([{a, B, v, 6, 6, €, &, ¥, E} »w{a, B, v, 6, 6, €, &, ¥ E}]) //
Ful I Sinplify // MatrixForm

Qa Oy B oa O Oa
l+a l+a l+o
Y By YO
_ + _ =
l+a 1+a 6 € 1+a
¢ _ B¢ + =- £X)
l+a 1+a 1+a

(1+a) ((w+a)swapth[a, a][BO]@A /. Thread[{a, B, ¥, &, 6, €, ¢, ¥, B} »
w{a, B, ¥, 8, 6, € ¢ ¥ 8}]) // FullSinplify // MatrixForm
A Oy Bo_a ega
Y -By+od+ad e+ae-y6

¢ -Bo+yY+ay E+a=E-06¢
dm
. 7+[37;a5+503+ (a+/3CTa) o [35—66+2m+9woh
(w+ B) B d-a b Wil w On BE-6Y+Ew /-
) w

Thread[{a, B, ¥, 6, 6, €, ¢, ¥, B} »w{a, B, ¥, 6, 6, €, ¢, ¥, E}]] //

Ful I Sinplify // MatrixForm

Y+Bv-a &+ op+0g (O+3 Op) €+3e€-66+6 op
1+ 1+
¢+B ¢p-0 Y+i Oa - _ oy
1+ = 1+

Y+B y-a d+a op+0y (6+B 0p) €+f3 €-56+6 op

1+8 1+B Y € . ) .
O+B $-a Y+¥ 0, Yy -(q5 E) // FullSinmplify // MatrixForm
1+8 = 1+8
& (-6+0p) +0a (643 Ob) 6 (-5+0p)
1+ 1+
U (-a+0a) ou
1+ 1+83

Y+B ¥-a 8+ 0p+05 (5+ Op) €+f3 €-6 6+6 o)

1+8 1+8 "o
Pl us[ 2B b i o . o /. {a»a+0,, &6-6+0p E-E+0},
1+8 = 1+8
("’gab _oc)] /7 FullSinplify // MatrixForm
ad 56
v 1+ €- 1+
3/ oy
(b 1+8 — 1+
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ou // FullSinplify // MatrixForm

{asa-1, 656-1, E->E-1}, (1 0)] //

01

PI us[ 1B 1o /.
¢+B d-a Y+ on Y
1+8 = 1+8
1-o050 0 . . .
] // FullSinplify // MatrixForm
0 l-0
o+B+y+B y+o6-a d e+ 6-66
1+ 1+
oy o _ Oy
¢ + 1+ - 1+
Y+B y-a 6+a op+0y (6+B Op) e+ €-6 6+6 oy
PI us[ 1B 1o /.
$+B d-a Y+ oa Y
1+8 = 1+8

Ful I Sinplify // MatrixForm
o+B+y+By+6-a &+ (-1+a) op+0a (-1+65+3 op)

E+3 €+6-6 6+6 Op
1+ 1+
Q+B ¢+Y-a Y+yY oa - BU
1+ 1+

Alexander with S-better

{Knot [8, 171 // BbZ, Al exander [Knot [8, 1711[T41 // BSinplify}

KnotTheory:loading : Loading precomputed data in PD4Knots'.
1 4

—8—ﬁ+i+11T1—8T§+4T§—T‘11 h[l] 1 4

- o 2 _ T3
{ t 1] o |11 s 8T, +4T Tl}
1+5/w 1 ot
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The MVA with S-better

BOMWAIL Link] := Nbdule[{FB, w, o, u A M,

{w, o, u} = List ee pbZ[L];
Hs = Rest [h /@ (First /@ Skeleton[L])];
A =CQuter [Coefficient [u, #l»#2] & Hs, Hs /. h[a_] =» t[al];
M= A-wDiagonal Matri x[((ocr#) -1) & /@ Hs1;
w2—Lengt heSkel et onel Det [M]

Fact or [ ]
1- TSkeI eton[L][1, 11

Link["L6a4"] // BbZ

KnotTheory:loading : Loading precomputed data in PD4Links’.

(Ty (-1+Ts5) (-1+Tg)-Ts (-1+Tg) +Tg) ((-1+Ts5) (-1+Tg)+Ty (-1+Ts5+To)) h[l]
T1 Ts To
t 1] (-1+T3) (-1+Ts) (T (-1+Ts5)+Ts (-1+Tg)) (-1+To) !
T1 Ts To
(1+Ty (-1+Ts)) (-1+Ts) (-1+Tyg) (-1+T1)
t[5] B Ts Ty
B (-1+Ts) (1+Ty1 (-2+Tg)-Tg) (-1+Tyg)
t9] T Ty
1+2/w 1

BOMVALLI nk ["L6a4" 1]
(-1+Ty) (-1+Ts5) (-1+Ty)
T, Ts

Fact or [ (Mul tivari abl eAl exander [#][T] /. T[i .1 = Tgkel eton[n]m,l]})] & /@

BbMWAT[#]
Al Links[{2, 8}]

KnotTheory:loading : Loading precomputed data in MultivariableAlexander4Links'.
VT VTs
{TE Ts, T?/Z Tg/Z’ ,Tl Tg/Z, T?/Z \/ﬁ, T% TZ, T% T2, _ , _T(]3-/2 Tg/Z TS/Z,
VT
VT VTs — VT VT 1 T2 s
- ’ Tl T ’ Ti/z Tg/zy ’ ’ Tl T%v R ’ T?/z Tg/zy
7

T3/2 TS T VTo
[ / VT [ L Ty
Tl Tg/Z' Tl Tg/Z' , Ti/Z Tg/Z, Tl Tg/Z, , , Ti/Z Tg/Z, Sy Tl T7,
VTs VTs  VTs Tz
T% TS, T% T3, TE/Z Tg/Zl TE/Z Tg/Z, TE/Z Tg/Zl 7Ti/2 Tg/Z ng . - IT , 7T§/2 T% T%l’
VT VT T

- TR TR, TR, [T, Vs, TR,
T 3/2
Lk 1 Tis

T, T oene, wene T, VT )

VT Tz
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Burau Calculus

Pl us[
B+w hic] h[S]
tiel Y+@+6oa+(a+ﬁca)ob f“-“*z&
t [S] Bé-aysbusvuos BE-0uszo /-
"l+3/w" Oa Op o
{a»a+wo,, §>6+wop, E->E+wo},
0 0 0
0 wogop O
0 0 wo
0 0 0
] // FullSinplify // MatrixForm
B+uw hic] h[S]
t[c] 2oy (Bwbwoacy o, Beoo
w w
t [S] ¢+/3¢’;7‘”’ E+BO+BE;QUI
1+3/w Oa Ob o
Pl us[
B+w hic] h[S]
t[c] Y+%+6Ga+(a+f303) ob /36—56+Zm+9wgb
t [S] B o-ay+d w+l w o, BE-0U+Ew /.
"l+Z/w" Oa Ob a

{a»a+w (03-1), 6-6+w (op-1), E-E+w (oc-1)1},

0 0 0

0 w(oqop-1) 0
“|o 0 w(o-1)

0 0 0

] // FullSinplify // MatrixForm

B+ w hic] h[S]

t [C] a+y+5+ﬁy;a5+60acb c+04+ B0

t [S] ¢+w+5ﬁﬁw 5+5(-1+o)+5i“”
1+>/w Oa Ob o
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Pl us[
B+w hic] h[S]
t [c] 7+%+6Ga+(a+ﬁca)cb BE_GSJ'Z&
t [S] Bo-ay+dwtywon BE-0yEw /-
"1+3/0" O3 Op
{a»a-w, 656-w, E->E-w},
00O
0 wO
1o 0o w
00O
] /7 Fullsinplity /7 MatrixForm
B+ w hic] h[S]
t [C] By-oad+ (a+y+d) w+(o<—:)) W Op+w Oz (6-w+f3 Op) c+O+ /36(;69 4+ 0 Op
t[S] ¢+w+%ﬂ+wO‘a —B+E+B&O—J9w
1+>/w Oa Ob o
The Dvisibility Condition C,
dir =SetDirectory["C: /drorbn/Academn cPensi eve/2014-06/"1;
<< MetaCal cul i / MetaCal cul i - Program m
O ear [al Bl Y! 6! e! el ¢1 w! El u! w];
¥0 = I‘[w, ha 0a + hp op + hs os,
oa+a (Ta-1) B (Ta-1) 6 (Ta-1)
{ta, th, ts}. ¥ (Tph-1) op+6 (Tp-1) € (Tp-1) . {ha, hyp, hs}];
¢ (Ts-1) ¥ (Ts-1) os+& (Ts-1)
vyl =0 // dm[a, b, c]
-—w (-1-B3+B8Te) Sc¢
s y+[37—a6—ch—2finc+2aéTc+/3yT§—a6T§+5oa—6Tc Oa+0 Op-Q T¢ Op—0a Op (-1+T¢) (-e~/
¢ ~1-B+BTe
s (-1+Ts) (-0-Bo+ay+B o Te-0 ¥ Te-i 0a) E+BE-0Y-LET+OYT-ETs-BE
S A-BeBT.
2% Oa Op

y1[A] -Di agonal Matri x[{oca on, os}] // Sinplify // MatrixForm

(-1+Te) (-y-By+ad+(By-a ) Te-aop-0a (6+B 0p)) (-1+T¢) (-e-Be+66+(Be-60) Tc-60op)
-1-B+BTe -1-B+BT¢
(-1+Ts) (-¢-Bop+ay+ (B d-oy) Te-Y 0a) (-(1+4B) Z+0 ¥+ (BE-0¥) Tc) (-1+Ts)
-1-B+BTc -1-B+B Tec

http://drorbn.net/AcademicPensieve/2014-06/#MathematicaNotebooks



Dror Bar-Natan: Academic Pensieve: 2014-06: CheatSheetBeta-Verification.nb 2014-07-23 07:08:53

Cear [a, 6, ¢, B, w];

og+a (Ta-1) e (Ta-1)
70=I‘[w, ha oa + hsos, {ta, ts}. - . {hg, hS]’];
¢ (Ts-1) os+= (Ts-1)
¥yl =0 // dS[a]
w (o-a Ta+ T4 0a) Sa Ss
Ta 0a
s ~ Ta 0 (~1+Ta)
a —o+a Ta-Ta Oa —a+0 Ta-Ta 0a
s ¢ Ta (-1+Ts) aE-00-a=ETa+0 @ Ta-aETs+0 ¢ Te+a ETa Ts-6 ¢ Tq Ts+E Ta 0a-% T Ts 0a-ct 0s+a T 0s-Ta 0a Os
S —a+aTa-Ta 0a —a+aTa-Ta 0a
1
2 ;a Os

1
¥1[A] - Di agonal Matrix[{—, cg}] // Sinplify // MatrixForm

Oa
a (-1+Ta) 0 (-1+Ta)
Oa (0+Ta (-0+0g)) —a+Ta (a-0a)
®Ta (-1+Ts) (-1+Tg) (~aE+0 ¢+Ta (A E-6 ¢-5 0a) )
-a+Ta (a-0a) —a+Ta (a-0a)

C ear [a, 6, ¢, E, w];
) ga+a (Ta-1) 6 (Ta-1) .
YO—T[w, ha oa +hsos, {ta, ts}. ¢ (Ts-1) os+2 (Ts-1) ).{ha' hs}]’

¥l1=%0 // gala, b, c]

w Sh S¢ Ss

Sp —ale+aTpTe+oa a (-1+Ty) Te 6 (-1 +Ty) T¢
Sc a (-1+T¢) —a+o T+ 0g 6 (-1+T¢)
Ss ¢ (-1+Ts) o (-1+Ts) -2+=Tg+ o0g
b3 Oa Oa Os

v1[A] -Di agonal Matri X[{oca, ©a, os}] // Sinmplify // MatrixForm

a(-1+Tp) Te a(-1+Tp) Te 6 (-1+Tp) T¢
a (-1+Tg) a (-1+Tg) o (-1+Tg)
¢ (-1+Ts) ¢ (-1+Ts) E(-1+Ts)
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