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Polynomial Time Knot Polynomials,

Abstrant.The value of things is inversely correlated with th
computational complexity. “Real time” machines, such as
brains, only run linear time algorithms, and there’s stibawe
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exponential things must be beautiful or philosophicallynpelling to deserve.
attention. Values further diminish and the aesthetictalegophical bar fur-
ther rises as we go further slower, or un-computable, or Bf&- intrinsically|
infinite, or large-cardinalish, or beyond.

| will explain some things | know about polynomial time knatlpnomials and

explain where there’s more, within reach.
(v- )Tangles
M e
mpS/ma’)

A

Why Tangles?
o Finitely presented. (meta-associativitymg"/méc =
e Divide and conquer proofs and computations.
e “Algebraic Knot Theory”: IfK is ribbon, cly =
SHSIREEN
tr|V|aI cl: ribbon KeT1

ZK) € {cla(Q): ch(?) = 5 57
(Genus and crossing number‘

are also definable propertles) Faster is better, leaner is meang
Theorem 1. 3! an invariantz: {pure framedS-componen
tangles$ — T'o(S) = Rx Msys(R), whereR = Rs = Z((Ta)acs) IS
the ring of rational functions i® variables, intertwining
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don’t know. Anything we learn about things doable in lingamné is truly va- %1 92 03 =

luable. Polynomial time we can in-practice run, even if weent wait; thesg(E // Miz21 // Mi3s1) = (8§ // M35 // miz.1)

things are still valuable. Exponential time we can play wittiat just a little, and oo oo ToTTTTT T ot
9 p play | e - R3 .. divide and conquer
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Meta-Associativity

ouTlo, {ti, t2, ta, ts}. ~{hi, Bz, hs, hs}|;

[{Rms; Rmgy RP3y // Mygs1 // Mps,p // M3es3, o

Rpg; Rmpg Rmzs // myg,1 // mps,o // m3es3} 1/
1 hl hz h3 1 hl h2
I3 I3
{ + -1+To 1 ’ t -1+Tp 1
2 T2 T3 2 T2 T3
~1+T3  -1+T3 -1+T3  -1+T3
ts T2 T3 ! ts T2 T3

z = Rmyp 1 Rmy7 Rmgs Rmy, 11 RPy6 5 RPg,13 RP14,9 RP10,157
Do[z= 2z // my.1, {k, 2, 16}];
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Closed Componentd.he Halacheva tracectsatisfiem@b// tre =

mP3/ tr. and computes the MVA for all links in the atlas, but
dqmaln is not understood: T
w|c S (
t tre uw | S 1
cla 6 =+ 0l) N
Halacheva
tre [Tlo_, A_]] := Module[{a o, ¥, ),

a Secnet Ouc 4V
(w:)’[ahcl )/ (t[h)e~0; C D FN
Flw(l-a), E+¥*6/ (1-a)] // FCollect] /\ﬂ\

(8 // Mz // tx1) = (8 // mp1a1 // tx1) cly: trivial C|2 ribbon example

True

Weaknessese m2® and tg are non-linear.e The productwA is
always Laurent, but my current proof takes induction witpe
nentially many conditionss | still don’t understand t; “unita-
rity”, the algebra for ribbon knots< \Where does it come from
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In Addition e The matrix partis just a stitchi

formula for BurayGassnerl[D, KLW, CT].

e K — w is Alexander, mod units.

oL - (w,A) — wdet(A-1)/(1-T) is thegas

MVA, mod units.

e The fastest Alexander algorithm | know.

e There are also formulas for strand deletlon : '
M. Polyak & T. Ohtsuki

reversal, and doubling.

@ Heian Shrine, Kyoto
e Every step along the computation is the invariant of somejth
e Extends to and more naturally defined gwatangles.

e Fits in one column, including propaganda & implementatio

{ Let 7 == (—X). ThenA" :=

/RZ

w2 XY o ; /)E}E{j&j

)88 | G

[11"/1™1 =“universalt{(Dg)®>" =

\ / - Y = \/ + \»r/ (Also IHX)

VALY A [N oY
Fine print: No sources no sinks, AS vertices, internallycticy deg= (#vertices)?2.

Elkely Theorem. [EK, En] There exists a homomorphic exp4d

n

Implementatiorkey idea: wef/Demo
_ T 7% Tlo1, 2101 Tlaz, J27) T=Tlwiwa?, AT+22T: " ~ ~
(w, A= (aap)) & b, b e [Tle, 211 := Module[(a, B, v, 6,0, ¢, 6, ¥, 2, K},
— I
(a),/l =2 a’abtahb) | (@ B ey (Otmd dem,A O,
,,,,,,,,,,,,,,,, 4 [1 s s] = |06, n,2 Oty m, 2 at,,/1] /. (€] B) .- 0;
[Pcollect[T[«_, A_]] := T[Simplify[«], ¢ ¥ = On, A Ony, A P

!
Collect[2, h_, Collect[#, t_, Factor] &]];

| y+ab/u e+é6/u

sion (universal finite type invarian®): vI — A". (issues suppresseq

[Too hard!Let’s look for “meta-monoid” quotients.
The w Quotient | ‘

D

Format[r(s_, 2.]] := Module[(s, M}, | I‘[(u=1—l3)w, {t;,1)~(¢+my/“ 3+ws/p)‘{h"1}]
S = Uni onocases[r[ 21, (|t > a, ]
¥ = outex[Factor[dy,,.., 4] &, S, ] | /o (T, To T} // Toellect];
- ; ! 11-T,
M = Prepend[M, t. & /@ S] // Transpose; .
MRt A TR CAE CHR S B P R
M // MatrixForm]; Rm, , := Rp,, /. Ta-1/T.;

AV = UFL(S)S C\N(S))

Video and more at http://www.math.toronto.edu/~drorbn/Talks/LesDiablerets-1508/
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