Dror Bar-Natan: Academic Pensieve: 2014-06: RibbonPropertyV1.nb

Pensieve Header: An attempt on the ribbon property using I'-calculus; continues pensieve://2014-05/.

dir =SetDirectory["C: /drorbn/Academ cPensi eve/2014-06/"1;
<< Knot Theory"®

<< MetaCal cul i / MetaCal cul i - Program m

Format [a. ,» , StandardForm|:= Interpretation[aiga,m, @anl;
Format [B. » , StandardForm|:= Interpretation[Biga.m, Banl;

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

n

{n=4; 70=I'[w, ihaoa, Zitahb aab], ¥l =0 // dS[2] // dS[4]}
a=0

2014-06-13 11:55:17

a=1b=1
W (024 Q42-022 Q4a4) s S
O Og 1
w Sl SZ S3 S4 S Q14 022 041 -012 Q24 X41—-U14 21 042 +011 Q24 A42+U12 21 044011 Q22 K44 _ Q14 04,
1 024 042 -022 Q44 024 04,
S1 011 Q12 13 Q14 s 024 041021 Oua o
Sy Qg1 Qoo 023 04 2 024 Qa2 =022 Olaa ~024 04z
53 a31 0(32 a33 0(34 ! S —024 32 041 +022 O34 (41 +024 31 042021 Q34 Q42022 (31 Q44 +0021 Q32 (44 _ O34 04,
3 Q24 042022 Q44 024 O4;
S4 Q41 Q42 Q43 Ol4a s 093 O41~0lo1 Oz o
% 01 Oz O3 O4 4 —024 Ql42+022 044 Q24 042
> O1 -
{Ov = Xp[ol, 1] Xp[02, 2] Xp[03, 3] Xp[o4, 4] // T // dm[ol, 02, o] // dm[o, 03, 0] //
dm[o, 04, o],
tl=0v=x%x (yOxT[e[0]]), t2= (yO*xT[e[0]]) **Ov, ocond=Sinplify[tl==t2]}
1 Sq So S3 S4  So w S1 S, S3 S4  So w {
Sl To 0 0 0 0 Sl To 11 To Aq2 To 13 To 14 0 Sl TO
So 0 To 0 0 0 So To 021 To 0o To 023 To Olog 0 S, To
{ s3 O 0 To 0 0|, |s3 Toass Toazz Toass Toozs O |, |S3 To
Sy 0 0 0 TO 0 Sy To 041 To Og2 TO Q43 TO 44 0 Sy To
So 1-Tg 1-Tg 1-To 1-Ty 1 So 1-Tg 1-Tg 1-T9 1-T, 1 So - (-1+Tp) (011
% To To To To 1 5 Toor Toop Tooz Toos 1 by Tc

<*1+T0> (*1+O(11+O(21+O(31+O(41) = 0&&(*1+T0) (71+O(12+O(22+O(32+O(42) = 0&&

(—1+T0) <—1+OC]_3+O(23+O(33+O(43> == O&&<—1+T0> (—l+O(14+O(24+O(34+O(44) == 0}
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ocond = Ful | Simplify[ocond /. {T, - 0}]

2014-06-13 11:55:17

Qq1 + 021 + 031 + QY1 == 1 &&0(12 + Oop + 032 + Oy == l&&O{ls + Olp3 + (X33 + Q43 == l&&O(14 + Ologq + O34 + Q44 == 1

{U=Xm[1, ul] Xm[2, u2] Xm[3, u3] Xm[4, u4] // T // dm[ul, u2, u] // dm[u, u3, u] //
dm[u, u4, u]j,
tl=Uxx (yOxT'[e[u]]), t2 = (yOxT[e[u]l]) **U, ucond =FullSinplify[tl==t2]}
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o4 “To T3 Tao11+T1 To T3 Ta o1 -Ta T o12+T2 T3 Tg onp-Tg a1z +T3 Tg cuz-014+T4 014
T1 T2 T3 Ty
Oioa ~To T3 T 001+T1 T2 T3 Ta 021 -T3 Ta 022+ T2 T3 Ta 022 -Tg 023+ T3 Tg 023-024+T4 024
T1To T3 Ty
o3g ~To T3 Tg051+T1 T2 T3 Ta 031 -T3 T4 032+ T2 T3 T4 0t32-Tg 033+ T3 Ty 033-034+T4 O34
T T, T3 Ty
Olas ~To T3 Tg 041+T1 T2 T3 Tg 0t41-T3 T4 042+ T2 T3 Ta 042 -Tg 0a3+T3 Ty 0a3-044+T4 Oaa
T T, T3 Ty
0 1
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1
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Sy Su
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%24 T7,
a -1+T3
% T |,
~1+T4
44 LT T,
o —1t
1
9 T T T,

(Tg (mop3+ T3z (L-app+ Ty (=1 + (-1+T1) a1 +092) +023)) + (-1 +Tyg)

(—o3a+Ta (L-agz+ T3 (-1 -03p+ Ty ((-1+Ty) 031 +agp) +033) +0za))

(1-044+Tg (-1 -3 +T3 (o4 +To ((=1+T1) a1 +as2) +043) +044))
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(Tg (Tg ((=1+Ty) Ty (-1+ag1) + (-1+Ty) agp) + (-1 +T3) oz) + (-1 +Ty) cgs) =08&&

apq) = 0&&

=0&&

o}
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{cert = 1 /7 dm[1, 2, 1] // dm[3, 4, 2],
eqns = (e[1]1 €[2] // T) = (cert /. o ->1) // Sinplify}

W (014 032+0124 032 -Q12 034 ~0l22 0134+014 A42+0024 Q42 ~0l12 X44—l22 X44)

S
Op O4 1
s Q14 031+0024 031 -011 (34021 O34 +014 041 +024 041 -011 44 -021 Q44 %
1 Q14 032+024 032012 (34022 O34 +014 042 +024 A42-012 U44-022 Q44 Q14
s Q12 O31+00Q22 031 —011 (32 -021 Q32 +012 041 +022 041 —011 042 =021 Q42 %
2 —014 032-024 U32+0(12 A34+022 034 -U14 042 -024 X42+012 A44+022 Qa4 14
> o1
o2
014 (031 + Q1) + 024 (031 + 041) — (011 + 021) (O34 + 044)
=1&%&
014 (032 + 0g2) + 04 (032 + 042) — (Q12 + Q22) (O34 + Caa)
014 (033 +043) + 024 (033 +043) — (013 + A23) (O34 + Qaa)
=08&&
014 (032 + 0Qg2) + 04 (032 +042) — (Q12 + Q22) (O34 + Qaa)
Q12 (031 + Q1) + 02 (031 +041) — (Q11 + 021) (Qg2 + 042)
= 0&%&
014 (O32 +042) — 024 (032 +Qg2) + (C12 + 022) (O34 + Ol44)
013 (032 + 0Qg2) + 023 (032 +042) — (Q12 + Q22) (033 + 043) 1}
Q14 (032 + Qgp) + 024 (032 +042) — (Q12 + Qp2) (O34 + Cag)
¥yl // dm[2, 1, 11 // dm[4, 3, 3]
_ w (O(23 041 —024 041 — 023 042 +024 042 —021 O(43+0022 Q43+0021 Q44 —-022 O<44) S
O 04 1
s 013 041-0114 041 -013 Ol42+014 O42-0011 A43+0112 A43+011 044-012 044 &
1 023 041 —024 041~ 023 Ol42+024 042 —021 Q43 +0(22 43 +021 Q44 —022 Q44 =
s 033 041 -0134 041 —033 (42+0134 (42 —031 X43+032 (43+0131 044 - 32 044 _ G
3 023 041~ 024 041 —023 Q42 +024 Ol42 —021 043 +0(22 43 +021 Q44 —022 Ul4a4 a
5 o1
02

alex = Full Simplify[(yl // dm[4, 3, 31 // dm[3, 2, 2] // dm[2, 1, 1]) ew]
1

W (- (0p3 — 04 + 033 —034) (01 — 042) + (021 — Q2 + 031 — A32) (043 — Qlag) )
O2 O4

{Full Sinmplify[alex, eqns], Full Sinplify[cert ew],
Ful | Si mplify[al ex, egns &&ucond&&ocond]}

{w (= (023 —024) (041 —Qg2) + (Q21 —022) (Oa3 —0l44) )
O2 O4

W (- (014 +024) (032 +042) + (Q12 + 022) (034 +04a) )

O2 O4

W (- (023 —024) (041 —0g2) + (021 — Q22) (043 — O4a) ) }

O2 O4
Q[n_ ] := Q[n] = Table[Wiich[i <j, 0, i =j, 1,i >j, 1-T1, {i, n}, {j, n}l;
Q[3] // MatrixForm
1 0O O
1-T 1 0
1-T1-T 1
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Sinmplify]
Andee Thread[Fl atten[Q[4]] == Fl atten[Transpose[yO[A]l]. Q[4]. (¥O[A] /. a » B)1]

1

(11 - (=1+T) (021 +031 +041)) P11+
(021 = (=1 +T) (az1+041)) Bar+ (031 — (=1 +T) o41) Bar + a1 Bar = 1 &&

(011 = (=1 +T) (0py +03y +0a1)) Bro+ (o1 = (=1 +T) (az1 +0aa1)) Baz +
(031 = (=1 +T) ou1) Baz + a1 Baz = 08&& (o1 ~ (-1 +T) (a1 + 031 +041)) P13 +
(021 = (=1 +T) (az1+041)) B2z + (031~ (=1 +T) 0g1) Baz + a1 Baz = 0 &&

(011 = (=1 +T) (01 +a3y +0a1)) Bra+ (a1~ (-1 +T) (as1 +0aa1)) Bag +
(031 - (=1 +T) o) Baa+ a1 Bag = 0&&

T+ (012 - (-1 +T) (02 +032 +as2)) Br1+ (22 - (=1 +T) (032 +042)) Ba1 +
(032 = (=1 +T) ouz) Bar +0u2 Bar = 1 && (o2 — (-1 +T) (a2 + 32 +as2) ) P12 +
(022 = (=1 +T) (az2 +042)) Baz+ (032 — (=1 +T) 042) Baz + a2 Baz = 1 &&

(012 = (=1 +T) (o2 +032 +0a2)) Bra+ (oo = (-1 +T) (azz +as2)) B2z +
(032 = (=1 +T) ouz) Bz + a2 Baz = 08&& (02 — (-1 +T) (a2 + 032 +042) ) Bia +
(022 = (=1 +T) (az2+042)) Baa+ (032~ (=1 +T) 0g2) Bag + a2 Bag = 0 &&

T+ (g3~ (=1 +T) (a3 + a3z +0as3)) Br1+ (o3~ (-1 +T) (ass+ausz)) Bar +
(033~ (=1 +T) as3) Bar +043 Baz = L && T + (cuz3 - (-1 +T) (03 + 33 +0s3) ) B2 +
(023 - (=1+T) (033 +043)) Baz+ (c33~ (=1 +T) aaz) Baz + 043 Baz = 1&&

(a3 = (=1 +T) (03 +0as3 +0aa3)) Bra+ (g3~ (-1 +T) (asz+aaz)) B2z +
(033 = (=1 +T) cuaz) Baz + 043 Baz = L && (agz - (-1 +T) (a3 + 033 +043)) Ba +
(023 - (=1 +T) (o33 +043)) Boa+ (caz = (=1 +T) aus) Bag + 43 Bag = 08&&

T+ (0na = (=1 +T) (04 +0ag +0aa)) Brr+ (oa = (=1 +T) (azs +ua)) Boy +
(034 = (=1 +T) 0aa) Bar +aa Bar = 1 &&T + (01g - (-1 +T) (024 + 034 +04a)) B12 +
(024 = (=1 +T) (034 +0uaa)) Boz+ (034~ (=1 +T) cua) Baz +0us Baz = 1&&

T+ (c1a - (=1 +T) (024 + 034 +0aa)) Bra+ (Goa — (-1 +T) (aza +0ua)) Baz+
(034 = (=1 +T) caa) Baz + 044 Baz = 1&& (a1~ (-1 +T) (Qo4 + 034 +044)) Brg +
(024 = (=1 +T) (034 +0aa)) Boa+ (03a4 — (=1 +T) cuaa) Bag +0aa Bag =1

Sinplify[And[
Andee Thread[Fl atten[Q[4]] = Fl atten[Transpose[¥0[A]]. Q[4]. (¥yO[A] /. a » B)]],
Andee Thread[Fl atten[Q[4] /. T>1/T] ==
Flatten[Transpose[ (yO[A] /. a » B)]. (Q[4] /. T>1/T).¥0[A]l]1]
11

(o171 = (=1 +T) (021 +031 +041)) Bi1 +
(021 = (=1 +T) (31 +041)) Box+ (03 = (=1 +T) aa1) Bay + 41 Bar = 1&&
(011 = (=1 +T) (o1 +03y +0a1)) Bro+ (a1~ (-1 +T) (az1 +0aa1)) Baz +
(031 = (=1 +T) 0u1) Baz+ a1 Baz = 08&& (011 ~ (-1 +T) (a1 + 031 +041)) P13z +
(0p1 = (=1 +T) (az1+0a41)) Baz+ (031 - (=1 +T) 041) Baz + a1 Baz = 08&&
(11 = (=1 +T) (021 +a31 +0a1)) Bra+ (o1~ (-1 +T) (as1+aa1)) Bag+
(031 - (=1 +T) 0oay) Baa+ 041 Bag = 0&&T + (g2 - (-1 +T) (0 + 032 +0a2)) Bi1 +
(022 = (=1 +T) (az2 +042)) Bor+ (032 = (=1 +T) 042) Bar + a2 Bar = 1 &&
(012 = (=1 +T) (o2 +032 +0a2)) Bro+ (oo = (=1 +T) (azz +0aa2)) Baz+
(032 = (=1 +T) ouz) Baz + a2 Baz = 1 && (o2 — (-1 +T) (a2 + 032 +a42) ) P13 +
(022 = (=1 +T) (az2+042)) B2z + (032~ (=1 +T) 0g2) Baz + sz Baz = 0 &&
(012 = (=1 +T) (02 + 032 +0s2)) Bra+ (o2~ (-1 +T) (azz+0as2)) Bag +
(032 = (=1 +T) 0up) Baa+ a2 Bag = 0&& T+ (ag3 - (-1 +T) (03 +033+043)) B11 +
(023~ (=1+T) (o33 +043)) Ba1+ (a33~ (=1 +T) cuz) B3y + 043 Bar = 1&&
T+ (a3 - (-1 +T) (a3 +033 +0aa3)) Bro+ (a3 - (=1 +T) (033 +043)) Baz +
(033 = (=1 +T) cag) Bap + 04z Bap = L && (agz - (-1 +T) (a3 + 033 +043)) Bz +
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(023 = (=1 +T) (az3+043)) Baz+ (033 — (-1 +T) 0y3) Baz + a3 Baz = 1 &&

(onz = (=1 +T) (op3 +0a3 +0a3)) Bra+ (o3~ (=1 +T) (asz+aaz)) Bas+
(033 = (=1 +T) oug) Bag+ 043 Bas = 0&&T + (0ga - (-1 +T) (024 + 034 + 0taa) ) P11 +
(024 = (=1 +T) (0za+044)) Bar+ (034~ (=1 +T) 04a) Bar + s By = 1 &&

T+ (a4~ (=1+T) (apa + 034 +044)) Br2+ (G2a - (=1 +T) (034 +0asa)) Baz +
(03— (=1 +T) 04a) Baz + s Baz = 1&&T + (a1 - (=1 +T) (024 +034 +044)) Bz +
(024 = (=1 +T) (034 +0u4a)) Baz+ (034~ (=1 +T) cua) Baz +0us Baz = 1&&

(a1 = (=1 +T) (024 +034 +044)) Bra+ (02a - (=1 +T) (034 +0aa)) Bog+

(034 = (=1 +T) qua) Bag +0ua Bas = 1&&_?_(1—0(31 Ba1 - az1 Bar + T ogy Baz + T gy Bay +
o1 (TBar+ (=1+T) (Bar+Bar)) +oar (TBur+ (-1+T) (Bar +Ba1 +Ba1))) =1&&
?(Tasz Ba1 — 32 Bar + T ogz Bay + T aap Bay + gz (T Bar + (-1 +T) (Bar +Bar)) +
oz (TBur+ (=1+T) (B2r +Bar +PBar))) =08&&
_T_(Taas Ba1 — 033 Bax + T gz Baz + T aag Bay + 023 (T B+ (-1 +T) (Bag +Bar)) +
oz (TBur+ (=1 +T) (B2r +Ba1+Ba1))) =08&&
?(Ta34 Ba1 — 034 Bar + T 03g Baz + T ctas Bay + 0ga (T Bar + (-1 +T) (Bar +Bar)) +
oag (TBur+ (=1 +T) (B2r +Bar +PBar))) = 08&&
_T_(l—T+Toz31 Baz2 031 Baz + T ogy Bazg + T oy Baz + 01 (T B2+ (=1+T) (Baz+Baz)) +
oar (TBiz+ (=1+T) (B2 +Baz2+Bs2))) =08&&
?(Tasz B3z — 032 Baz + T 0g2 Bag + T atap Baz + 0z (T Baz + (-1 +T) (Baz +Baz)) +
oz (TBr2+ (=1+T) (Boz+Baz+PBa2))) =1&&
_T_(Taas B3z — 033 Baz + T ozz Bap + T aag Baz + 023 (T Bz + (-1 +T) (Baz + Baz)) +
oz (TBiz+ (=1 +T) (B2 + B3z +Bs2))) =08&&
?(Ta34 B3z — 034 Baz + T O34 Bag + T ctas Baz + 04 (T Baz + (-1 +T) (Baz +Baz)) +
o (TBr2+ (=1 +T) (B2 +Baz+PBa2))) =08&&
_T_(l—T+Toz31 Baz — 031 Bag + T azy Baz + T o Bag + op1 (T Bz + (-1 +T) (Baz +Baz)) +
oar (TBiz+ (=1 +T) (B2z +Baz+PBaz))) =0&&
%(1T+TO(32 B3z — 032 Bag + T 032 Baz + T atap Bag + 02 (T Baz + (-1 +T) (Baz +Baz)) +
oz (TBiz+ (=1 +T) (B2z+PBaz+PBaz))) =08&&
_T_(TOlas Baz - 033 Bag + T 033 Bag + T aag Bag + 0z (T B2z + (-1 +T) (Baz +Bag)) +
oz (TBiz+ (=1 +T) (B2z +Baz+PBaz))) =1&&
?(Ta34 B3z — 034 Bag + T O34 Baz + T 0tas Bag + 04 (T Baz + (-1 +T) (Baz +Baz)) +
o (TBrz+ (=1 +T) (B2z +PBaz+PBaz))) = 08&&
_T_(l—T+Toz31 Baa — 031 Baa + T ogy Baa + T oy Baa+ ooy (T B+ (=1+T) (Bag+Pag)) +

011 (TBra+ (=1 +T) (Boa+PBsaa+PBas))) =08&&

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



Dror Bar-Natan: Academic Pensieve: 2014-06: RibbonPropertyV1.nb 2014-06-13 11:55:17

?(1_T+Ta32 Bza — 032 Bag + T ozp Bag + T aup Baa + 002 (T Boa+ (=1 +T) (Baa+Bas)) +
12 (TBra+ (=1 +T) (Bag +Bas+Baa))) = 0&&

?(17T+Ta33 Bas — 033 Baa + T 033 Baa + T 0z Baa + 023 (T Baa + (=1 +T) (Bag +Baa)) +
ouz (TBra+ (~1+T) (Boa+Bsa+Pas))) = 08&&

?(TO(SA Bsa — 034 Baa + T 034 Baa + T 0tas Baa + 024 (T Baa+ (-1 +T) (Baa+Pas)) +

o14 (TBra+ (-1 +T) (Boa+PBza+PBas))) =1
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