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| report on work of many people (Brittenham, Hermiller, Applebaum et al. (sorry too many), Dranowski, Kabkov, ...)
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An unknotter



Unknotting is hard

SHOCKING
KNO

n- UNKNOTTING NUMBER IS NOT ADDITIVE UNDER CONNECTED SUM

I - Standupmaths https://www.youtube.com/watch?v=Dx7f-nGohVc¢

| My take away You really do not want to do this by hand :-)

| - Let a machine do it

An unknotter Or: Local versus global July 2026 215



Unknotting is hard

It actually works quite well (details later,
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| [Amazing Stan The smallest knot for which it found EENAE DR EE e

a nontrivial reduction sequence
is the 11 crossing knot above

| 'ldea Let a machine do it
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Unknotting is hard

ﬂ

El

| 'Unknotting number u = minimal number of crossings ops needed to reach the unknot
| 'Dream You can nd u on a minimal crossing diagram

| [Problem (why this is so di cult, part a) That is not true
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Unknotting is hard

Problem (why this is so di cult, part b)

The invariant gives the same answer
-> bad, we can't jsay anything
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The invariant gives different answers
-> good, the knots are not the same

=
(Q) \\d - Output , (</__D

o e

| didn’t know any \good" invariant
that gives \interesting" information about u

| Dream \ Side quest With details to come, we can change that!

| Unknotting b reach the unknot

| [Problem (why this is so di cult, part &) That is not true
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Unknotting is hard

N

| [Open for a long time Unknotting number is additive under connected sum #
I 'No! Brittenham{Hermiller 2025 (\obvious" diagrams hide the real unknotting)

I - What | am going to explain is a variation of their ideas
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Unknotting is hard

For 7:#mir(7 1)

i

il

I Open for a The minimal known diagram withu = 5 er connected sum *
I No! Brittenhéerr— ha356 CrOSS'“QE.SW?“Q{Zhj‘”S. 2.(.).25..).H real unknotting)

| 'Key What | am going to explain is a variation of their ideas
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Unknotting is hard

global maximum

local maximum

o N

local minimum

global minimum

-6 | | | | | i
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| [Problem a (rephrased) Human intuition is local; unknotting often is not
| Problem b Friendly invariants have not much to say about u

| 'ldea A perfect task for Al ‘=" reinforcement learning (RL)
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Unknotting i Why is this perfect for Al?

UNPOPULAR FDSITI/E DPINION CHALLENGE:
NAME A MOVIE THAT...

(1) YOU GENUINELY LIKE (NOT ‘50 BAD 15 GOOD)
(2) CAME OUT IN YOUR ADULT LIFE POST-2000 AND
(3) 16 RATED BELOW 50% ON ROTTEN TOMATOES.

mmeman Y (]

rsemwa‘roi GENISYS?
SERIOUSLY?
TLKE TE W L B(’ ”

15

WHEN PEOPLE TALK ABOUT THEIR "UNPOPULAR
OPNIONS" ABOUT MOVIES, THEY USUALLY MEAN
HATING SOMETHING EVERYONE LIKES, BUT LIKING
SOMETHING EVERYONE HATES [S MUCH HARDER.

1) There could be a subtle pattern

Probler (not detectable by humans) that Al could exploit

Problen

2) Repeating the search a million times is likely helpful y

3) This is really not something you want to do by hand :-

ldea Alperecroonror—r—remmorcorrereroTr gy
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The pipeline

11a 14

&

known, ignore v/ unknown, use

| Input Take a knot diagram from a list (when u is not known)
| Goal Improve the upper bound by nding a better route to the unknot

| 'Key Do not insist on working with the smallest visible diagram
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The pipeline

.

Input Take

Why start from a list?

10_1 [-2,8,1,-1,2,-2,2[[2,11,3,12],[4,20,* 1
10_2 [1,11,1,-1,2,-2,%[[1,13,2,12],[3,14,# 3
10_3 [-4,6,1,-1, 2,-3,4[(2,10,3,9],[4,17,5} 2
10_4 [-5,5.1,-2, 3,-3, #[[2,13,3,14],[4,11,> 2
10_5 [-9,1,-1,2,-3,4,+[[2,13,3,14],[4,17,» 2
10_6 [0,10, 1,-1, 3, -4,¥[[2,11,3,12],[4,16,%[2,3]

10_7 [-1,9,1,-2,4,-5,7[[1,12,2,13],[3,15,» 1
10_8 [-2,8,1,-1,2,-3,4[[1,12,2,13],[3,10, 2
10_9 [-3,7.1,-2, 3,-4,0[[1,13,2,12],[3,16,» 1
10_10 [-7.3,-1,2,-3,5,+[[1,11,2,10,[3,18,# 1
10_11 [-3,7,1,-1, 3,-5, ¢[[2,15,3,161,[4,13,%[2,3]

10_12 [-8,2,-1,2, -4, 6,+[[2,11,3,12],[4,18,* 2
10_13 [-4,6,1,-2,5,-7,#[[2,17,3,18],[4,8,5} 2
10_14 [0,10, 1, -2, 4, -6,¥[[1,14,2,15],[3,17,# 2
10_15 [-6,4,-1,2, -4, 6,+[(2,6,3,5],14,16,5,10 2
10_16 [-3,7,1,-2,4,-5,7([1,10,2,11],[3,15,¢ 2
10_17 [-5,5,-1,2,-3, 5, +[(6,2,7,1],[12,4,13p 1

One targets knots with a known lower bound
but still no sharp upper bound in hand
SO every success gives genuinely new informat|

own)

[otb the unknot

Goal Imprg

Key Do not insist on working with the smallest visible diagram
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The pipeline

An inflation of 41#90 where u is not additive
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| ' Step 1 First in ate the diagram in a controlled but nontrivial way
| Essentially A rst RL machine guesses promising diagrams and crossings

| 'Hope A larger diagram may reveal a much better crossing to op
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The pipeline

Why in ate rst?
/ﬂ
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= In general: sometimes diagrams are \just stuck"
The decisive crossing change may simply not appear on small diagrams
so in ation creates better chances for a good op .
1

| 'Hope A larger diagram may reveal a much better crossing to op
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The pipeline

| Step 2 Flop one chosen (RL agent 1) crossing on that in ated diagram
| Best case This lands us dramatically closer to the unknot than before

| [Reality The new diagram is usually still much too messy to read
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The pipeline

After the op

M a -
e p— ]
L

)

\ a)
/) Y \__/

M
T|T

C

| 'Step2 Fl Even after the right crossing change in ated diagram

the diagram usually still looks quite hopeless

| Best case so we pass it on to a second RL agent IOt than before

| [Reality The new diagram is usually still much too messy to read
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The pipeline

4.#9, after 1 flop

| | Step 3 Reduce the result with the unknotter (RL agent 2; more details late
| Step 4 Then we identify the reduced knot using cheap invariants

| [Self-healing Every success produces new training data: the system imprc
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The pipeline

Crossing reduction is key

3

After crossing op the diagram often still has> 20 crossings
So one can’'t nd it on the list in general (invariants are not perfect!
so the number of crossings needs to be reduced rst

Not accepted

| Stq letails late

| Std S

| | Self-healing Every success produces new training data: the system impre
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The pipeline

Th Results Are In'

esul t Ta]
ly o ul\; S
Latest Results Ee

I [New 1 Improved bounds for u for prime knots (sometimes identifying u)

I 'New 2 Veri ed/new examples of unexpected u under #

I - It is still running
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The unknotter (\ nd the crossing number")

I . = learning a strategy from rewards (and penalties)
| Here The environment is the space of knot diagrams and local moves

I - Learn which move is most promising from the current diagram
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