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Pensieve Header: An implementation of the Free Associative Algebra (FAA) universe of operations.
We want to implement: gy, ;, m; ik, 0[V]iy ks Sisjs Dinsjks trisjs maybe € and n, ®.

Data format: AW,[x, y, X]AW|[y, x, y] CW,[x, X, X, y] ... (denotes an element of overall degree 10.

<< C:\drorbn\AcademicPensieve\People\Kuno\Profile.m

(» PP =Identity =)

Cyclic Words and the Trace

in[-1:=  RotateToMinimal [aw_] := Module [
{best = aw, rotated = RotateLeft [aw]},
While[rotated =!= aw,
best = First[Sort[ {best, rotated}]];
rotated = RotateLeft[rotated]
15
best
15

in[-]:= CF[CW; [iw___]] := RotateToMinimaleCW;[iw];
tri ,; [6]1:=6 /. AW;[iw___] > CF@CW; [iw]

Bases

in[-]:=  Basisy  ,s [AW; ] := AW; @@@ Tuples [ps, d]
Basisy ,,s [AW; more_] :=
FlatteneTable [Outer [Times, Basisg;,,s [AW;], Basis,_g1,,s [more]], {di, @, d}];
Basisy s [CW; ] :=Union[tr;,; /@Basis, ,s [AW;]];
Basis;  ,s [CW; more_] :=
FlatteneTable [Outer[Times, Basisg;,,s [CW;], Basis,_g1,,s [more]], {di, @, d}]

Factor Renaming

0i o [E.1 1= PPeang [& /. {AW; [iw

] > AW [iw], CW;[iw

1o CW;[iw] }]

Multiplication

m; ,j sk [&.] i= PPepan[& /7« AW; [iw___ ] AW;[Jjw

1 = AW, [iw, jw]]
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Word “Cutting”

D[V_1i 55,k [£.]1 :=PPeap@Expand[& /. {
AW;[] » 0,
AW; [iw__] > Sum|
If[{iw}[a] === v, Take[AW;[iw], a - 1] xDrop [AW,[iw], a], 0], {a, Lengthe {iw}}]
115
D[v_]; 55 [&.]1 := PPeap@Expand[& /. {
CW;[] » O,
CW; [iw__ ] >
sum[If[{iw}[a] === v, Most@RotateLeft [AW;[iw], a], O], {a, Lengthe {iw}}]
}

The Co-Product

A; i,k [&.] := PPpay@Expand@Module[{as, all},
& /. {
AW; [iw 1 = (
all = Rangee@elLengthe {iw};
Sum [
AW; [iw] [as] AW, [iw] [Complement[all, as]],
{as, Subsets@all}

D)
CWi[iw_ ] = (
all = Rangee@elengthe {iw};
Sum [
CF[CW;[iw] [as]] » CF[CW,[iw] [Complement[all, as]]],
{as, Subsets@all}
1)

The Antipode

Si o5 [£.] := PPeas@Expand |
&/
AW; [iw___] = (-1)"e"8the{i} peverse [AW; [iw] ],
CW; [iw___] t» (-1)"e"ethe{™"} cF@Reverse [CW;[iw]]
}
]

http://drorbn.net/AcademicPensieve/People/Kuno/#MathematicaNotebooks



Dror Bar-Natan: Academic Pensieve: People: Kuno: FAA.nb 2023-11-24 10:57:51

The Unit

n(-1:= mi [&.] := Expand[& AW; []]

Substitutions

Currently limited to sending variables to sums of others, with no coefficients.

FA[rs___Rule][&_ ] :=
PPrara@Expand[& /. AW; [iw___] :»> Distribute [AW;[iw] /. {rs} /. AW;[___, 0, ___1 ->0]]

Exterior Multiplication
The built in Series method was very slow:

(+EMg_[81_,82_] : =PPpem@Expand [Normal [ Times |

PPCr‘opping [PPCompDeg@
(81/.{AW; [iw__] HH eI AW 1], CIW; [iw__ ]:>h e"8the W) cpy; [iw] } ) +0[md*1] ,

PPCPopping [PPCompDeg@
(82/ . {AW;_[iw__]:>n e8I AW; [iw] ,CW; [iw__]:-h"e"8theUWIcW; [iw] })+0[n] %]

|+0[n] %] /. ns1] )

EM; [&1_, &2_] := PPeagn@Module[{E1, E2, j, j1},
E1l = CoefficientList|[
&1 /. {AW;_ [iw__] = a""8eU AW, [iw], CW; [iw__] = 2*"8eU ;i [iw] ), A];
E2 = CoefficientList|[
&2 /. {AW;_[iw__] = 28UV AW, [iw], CW; [iw__] = 2"V w[iw] ), a];

Sum [
Expand [E1[j1 + 1] E2[]j - j1 +1]],
{J, e, d}, {j1, @, j}]

in[-]:= ? CoefficientList

Out[]=
Symbol
CoefficientList[poly, var] gives a list of coefficients of powers of var in poly, starting with power 0.
CoefficientList[poly, {vary, var,, ...}] gives an array of coefficients of the var;.
CoefficientList[poly, {vary, vary, ...}, {dim, dim;, ...}] gives an
array of dimensions {dim,, dim,, ...}, truncating or padding with zeros as needed.

v

http://drorbn.net/AcademicPensieve/People/Kuno/#MathematicaNotebooks



Dror Bar-Natan: Academic Pensieve: People: Kuno: FAA.nb 2023-11-24 10:57:51

il ] CoefficientList[2h +3a%, &)

Out[«]=
{0, 2, 3}
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