Dror Bar-Natan: Academic Pensieve: Classes: 17-1750-ShamelessMathematica: 171027-HochschildHomology-3@.nb

Pensieve header: October 30: Some further further Hochschild Homology.

Today. Some further further Hochschild homology, (beware of Wolfram the populist!), then a Peano curve, then maybe
EIWL 9-12, then, if we're kidding ourselves, Patterns.

Topics (in no particular order). Whatever you may suggest; whatever comes to my mind; the-Fiberasei-rumbers; the
Catalan numbers; the-Jenespolyremial; a-nere-efficient-Jones-algerithm,; ariddle-er-spheres; Khovanov homology; I'-
calculus; the Hopf fibration; Hilbert’'s 13th problem; non-commutative Gaussian elimination; free Lie algebras; the Baker-
Campbell-Hausdorff formula; wacky numbers; an order 4 torus; the Schwarz Lantern; knot colourings; the Temperley-Lieb
pairing; the dodecahedral link; sound experiments; barycentric subdivisions; @ Peano curve; braid closures and Vogel's
algorithm; the insolubility of the quintic; phase portraits; the Mandelbrot set; shadows of the Cantor aerogel; quilt plots;
some image transformations; De Bruijn graphs; the Riemann series theorem; finite type invariants and the Willerton fish;
theFowers-efHanei; Hochschild homology of (some) coalgebras; convolutions and image improvements.

An Image Manipulation Challenge

The image at http://drorbn.net/bbs/show?shot=17-1750-171016-111042.jpg is pathetic. Can you improve it? Whatever you
do, should also work well with all other images at http://drorbn.net/bbs/show.php?prefix=17-1750.

Hochschild Homology of Polynomial Algebras

First see the image at http://drorbn.net/AcademicPensieve/Classes/17-1750-
ShamelessMathematica/index.html?im=171023-HomologyBBS.png.

dy r [&.1 1= & /. Xi_ o Which[i <k, Xi, 1 =Ry Xp+Xps1, 1> R, Xi1]3
d, [£.] := Expand@Sum| (—1)kd,,,k[5], {k, @, n+1}];
Co,p. :=If[p==0, {1}, {}1;
C,,» :=C,,, =Unione@eTable[x Cy1,,ks {k, @, p}];
M, ,, := Transpose[Table[

da =d,[a];

Table[Coefficient[da, b], {b, Cy.1,,}],

{a.v cn,p}

115
Peo, =9;
Pn_,p. += Pn,p = MatrixRank[M,,,];
an,pf .= Length[cn,p] = Pn,p = Pn-1,p5

Table[Bn,p, {n, 1, 5}, {p, 1, 5}]1 // MatrixForm // Timing
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Hochschild Homology of the Free Associative Algebra

w[___: 0: ___] = 03
wllft___, a *xX; , rgt___1 := aw[lft, x;, rgt];
w[lft___, a_+b_, rgt___]1 := w[Lft, a, rgt] + w[Lft, b, rgt];

W[3 X1 +2X3, X1]

3W[X1, X1] +2W[Xa, X1]

Tuples[{-1, 1}, 3]

{{-1, -1, -1}, {-1, -1, 1}, {-1,1, -1}, {-1, 1,1}, {1, -1, -1}, {1, -1, 1}, {1, 1, -1}, {1, 1, 1}}
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tup = Tuples[Table[x;, {i, 1, 2}], 3]

{{X1, X1, X2}, {X1, X1, X2}, {X1, X2, X1}, {X1, X2, X2}, {X2, X1, X1}, {X2, X1, X2}, {X2, X2, X1}, {X2, X2, X2}}

wetup

W {{X1, X1, X2}, {X1, X1, X2}, {X1, X2, X2}, {X1, X2, X2}, {X2, X1, X1}, {X2, X1, X2}, {X2, X2, X1}, {X2, X2, X2} }]

wee tup

W[ {X1, X1, X1}, {X1, X1, X2}, {X1, X2, X2}, {X1, X2, X2}, {X2, X1, X1}, {X2, X1, X2}, {X2, X2, X1}, {X2, X2, X2}]

w @ee tup

{W[Xlz X1, Xl}) W[Xl) X1, XZ]: W[XlJ X2, Xl} ]
W[X1, X2, X2], W[X2, X1, X1], W[X2, X1, X2], W[X2, X2, X1], W[X2, X2, Xa]}

NC, ,, := weeeTuples[Table[x;, {i, 1, n}], p]

NC3,2

{W[X1, X1], W[X1, X2], W[X1, X3], W[X2, X1], W[Xa, X2], W[X2, X3], W[X3, X1], W[X3, X2], W[X3, X3]}

NCs,, // ds

{-W[X1, Xa] ~W[Xa, X1], W[X1, Xa], ~W[X1, Xg4], W[X2, X1],
WXz, Xa] +W[X2, X3] +W[X3, Xa] +W[X3, X3], W[X3, Xa], ~W[Xg, X1], W[Xga, X3], ~W[X3, Xa] —~W[Xs, X3]}

NCs,, // ds // dg
{6,0,0,0,0,0,0,0, 0}

NM, ,, := Transpose[Table[
da=d,[a];
Table[Coefficient[da, b], {b, NC,.1,,}1,
{a, NC,,,}
11;
Noe, =9;
Non ,p := Np,,, = MatrixRank[NM, ,];
NBn ,p_ = Length [Ncn,p] -Npn,p = Non-1,p5

Table[NBn,p, {n, 1, 4}, {p, 1, 4}] // MatrixForm // Timing
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