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Pensieve header: The naive Kh Program - aborted attempt to remove np/nm.

SetDirectory["C:\\drorbn\\AcademicPensieve\\Classes\\23-FastComputations"];
Once[<< KnotTheory" ]

Loading KnotTheory™ version of February 2, 2020, 10:53:45.2097.
Read more at http://katlas.org/wiki/KnotTheory.

pd = PD[Knot [5, 2]]
PD[X[1, 4, 2, 5], X[3, 8, 4, 9], X[5, 10, 6, 1], X[9, 6, 10, 7], X[7, 2, 8, 3]]

pdf
Sign[X[i , j , kR , L 11 /;F-L=1VIL-7>1 ~:=1;
sign[X[i ,J , kR , L 11 /;L-3J=1Vvj-L>1 ":= -1;
w[pd ] := Plusee (Sign /@pd);
Sign /e pd
PD[-1, -1, -1, -1, -1]
w[pd]
-5
pdf
SetAttributes[p, Orderless]
pdf

m_on_ :=Min[m, n];

S[pd PD, a List] := Times @@ ({List eepd, a}" /. {
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. 1 1.
Sign[x]+- .- Sign[x . .
enbde: 2 S8 pi, L1 PLs R] jors

{X[i_, 3_s ks L_1pPIi_, J_1n PIR_s L_1n > (CnCn > Cmen) s
X[i_, J ,k , L 1pli, l—_]m_ pPli_, k_]n_ 2 (Cpon = C,,,C,,)} //. P[__],—,,_' ]

{
S[PD[Mirror[Knot[3, 1]1]], {0, 9, 0}],
S[PD[Mirror[Knot[3, 1]1]]1, {o, 1, 0}1,
S[PD[Mirror[Knot[3, 1111, {©, x, 0}]
}

{a®cica, g*tcy, ¢° (caca>qay) )
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V[pd_PD, a_] := List@eExpand[S[pd, a] /. ¢, = (qvp,+q™"
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)]

V[pd _PD, a_, deg_] := Select[V[pd, a], Exponent[#, q] = deg &]

Vipd, {0, 0, 0, 0, 0}]
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Vipd, {0, 0, 0, 0, 8}, -9]
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pdf
d[pd_PD, a_] :=S[pd, a] /. {

(€x €y =»C; ) *x_. {vpx vp, » tvp,, vp, vm, - tvm,, vm,

)

vp, » tvm,, vm, vm, - @},

(c; ¢ ¢, ) x_.»{vp,>tvp,vm, +tvm vp, vm, > tvm, vm,}}

d[pd, #] & /@Permutations[{0, 0, 0, 1, x}]

{{vp1Vp3 - Vpy, VM3 Vp; = VMg, VM VP3 = VMg, VMg VM3 - 0},
{vp1Vvpy »
{vpy vp3 -

{vpy — vimg

Vpy, VM VPy - VMg, VMg VP, — Vg, vy viny - 0},

Vpy, VM3 VP, - VMg, VMg Vp3 - VMg, vmg vms - 0},

Vpy + VMg VPg, VMy — VM3 VMg }, {Vp; VP, = Vp;, VN Vpy
{vpy - vme
{vpy vp, -
{vpy vp; -
{vpy vp, -
{vpy vps -
{vpy vp; -
{vpy vps -
{vpy = vmy
{vpy vp; -
{vpy » vmy

Vpq + VMg VPg, VMy = VM3 VMg }, {Vp; VP, = Vp;, VN Vpy
VPq,
VPq,
VPq,
VPq,
VPq,
VP1,
Vpq + VMg VP,, VMy = vmy vmy }, {Vp, Vp3 = Vp,, V3 Vpq
Vpyi, VM, VP = VMg, Vg VP, — VMg, vmy vm, - @}, {vpq

VM, Vp; - Vg, VMg VP, —> VMg, vmg vm, —> 0},

VM, VPy — VMg, VMg VP, — Vg, vmy vm, — 0},
VMy Vp; — VMg, VMg Vp, — Vimy, vmg vm, - 0},
VM3 Vp; — VMg, VM Vp; — vmy, vmg vz - 0},
VM3 Vp; — VMg, VM Vp; — Vmy, vmg vz - 0},

VM3 Vp, - VMg, VMy Vp3 — VMg, vimg vimg - 0}, {vp,

VPq + VM1 VPy, VMg = VMg Va}, {VP; VP, = VpPy, VM VPy

{V[pd, {0,
val vims

0,0,1,0}], dipd, {0, 0, x, 1, 0}]}
vmy Vp3  Vp; VP;3

q7 t4

Vi3 vp;

qit ¢4 ? q° t* q° t4

pdf

CC[pd_PD, r_, deg_] := Select[

- Vmi, vy vp, - vmg, vmg vm, - 0},

- Vmy, vimg vp, - vmy, vmy vm, - 0},

- VM, VP + VMg VP,, VMg — vy vimy },
- VMg, Ving Vps — vy, vm; vz - 0},
— VM, VP, + VMg Vp,, VMg - vmg viny },
- VMg, Vg Vp, — Vg, vmy vim, - 0} }

}, {Vpl - (q VMg VP, + q VM3 VPg, VM - ¢ VMg vme}}

Unionee ((vee #) V[pd, #, deg] & /@ Tuples[{9, 1}, Length@pd]), Exponent[#, t] == r &]
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CClpd, -4, -9]

{vmz vp,v[0, 0, 0,0, 1] wvmvp,v[0,0,0,0,1]

q° t4 ? q° t* ’
vin3 Vp1V[0, 0,0,1, 0] vimy Vp3V[0, 0,0,1, 0]
q° t4 ? q° t* ’
vm; vp, v[0, 0, 1, 0, @] vm;vp3Vv[0,0,1,0,0] vmyvp,Vv([0,1,0,0,0]
q° t4 ? q° t4 ’ q° t4 ?
vm; vp,vi[0, 1, 0, 0, @] wvmzvp,Vv[l, @0, 0,0, 0] vmvpyv([l, 0, 0,0,0]
q° t4 ? q°t* ’ q° t* }
pdf
d[pd_PD] [expr_] := Expand[expr] /. s_*a_v = Expand[sign = 1; Sum[
If[a[i] = o,
sign x ReplacePart[a, 1, i] *s /. d[pd, List @@ ReplacePart[a, x, 1]], sign *= -1;
0], {i, Length[a]}
11
t9 =d[pd] [v[0, 0, 1, 0, 8] vm[3] vp[1]]
-v[(0,0,1,0, 1] vm[3] vp[1l] -Vv[0, 0, 1,1,0] vm[3] vp[1l] +
vio,1,1,0,0]vm[3]vp[l] +Vv[1l,0,1,0,0]vm[3]vVvp[l]
d[pd] [t9]
0
pdf
Rank[pd_PD, r_, deg_] := (*Rank[pd,r,deg]=«)Module[{bo, bl, dbo, ds0, s1},
bo = CC[pd, r, deg]; bl = CC[pd, r+1, deg];
If[bo == {} Vb1l={}, O,
dbo = d[pd] [bO] ;
MatrixRank [Table [Coefficient[ds@, s1], {ds@, dbB}, {s1, bl}]]
]
15
pdf

Betti[pd PD, r_, deg ] := Length[CC[pd, r, deg]] - Rank[pd, r, deg] - Rank[pd, r -1, deg]

{r, (w[pd] - Length[pd]) /2, (w[pd] +Length[pd]) / 2}
{r, -5, 0}

PluseeV[pd, Table[O@, Lengthe@pd]]
vimg vin, ving vimp vims Vpl vim; vims sz

qt3 t° qit t5 qit t°
vmz Vp, Vp, Vg Vinp Vp3 - VIMp VP, VPp3 VMg VP, VP3 VP, VP, VP3
q9 t5 * qll t5 * q9 tS * q9 t5 * q7 t5
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{deg, Exponent [Plus @@ V[pd, Table[0®, Lengthepd]], q, Min],
Exponent [Plus @@V [pd, Table[1, Length@pd]], q, Max]}

(deg, -13, -1}

Khi[pd PD] := Sum[t" q*€ Betti[pd, r, deg],
{r, -Lengthepd, Lengthepd},
{deg, Exponent [Plus @@V [pd, Table[@, Lengthepd]], q, Min],
Exponent [Plus @@V [pd, Table[1, Lengthepd]], q, Max], 2}

pdf

Khi[pd PD] := Sum[t" g€ Betti[pd, r, deg],
{r, -Lengthepd, Lengthepd},
{deg, -3 Lengthepd, 3 Lengthepd, 1}

]

Kh1[PD[Knot[3, 1]]]

1 1 1 1
— +— 4+ +

q3 q q9t3 q5t2
1 1 1 1
— +— 4 +

q3 q q9t3 q5t2
1 1 1 1
— =+ +

q3 q q9t3 q5t2

Timing@Sum[Kh[K] [q, t] == Kh1[PD@K], {K, AllKnots[{3, 6}]1}]
{311.516, 7 True}

2023-07-06 04:43:16

http://drorbn.net/AcademicPensieve/Classes/23-FastComputations/Archive/#MathematicaNotebooks



