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Why I like Θ

▶ Example 3 Games: players try to unknot things

▶ Point In 2026, humans are still better than AI, but we need many

▶ Θ role Cheap + strong verification before belief

Fast + strong = apply it

That is the whole talk:
once a good invariant is cheap enough,

it stops being a theorem only
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Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 2 / 6



Unknotting is hard

▶ u = minimal crossing flops needed to unknot

▶ Dream Find u on a small diagram (this is wrong!)

▶ Problem This may require making things worse

Why hard?

Human intuition is local;
unknotting often is not.

The right move may look wrong.

71#mir(71)

The minimal known diagram with u = 5 has 56 crossings.
Note the one funny place to swap crossings.

That is not a nice by-hand calculation.

Why start from a list?

Target knots with no sharp upper bound.
Example: The knot 11a14 had u ∈ [2, 3].

Every success gives new information (self-cleaning because we update the source list).

Why inflate first?

Sometimes the visible diagram is stuck.
The decisive crossing change

may not be visible yet.

After the flop

Even the correct crossing change
usually leaves a messy diagram,

and we need to make sure it appears on our list.

The crucial surprise

Greedy simplification can fail.
Adding crossings first can be

the winning move.

Hard unknot punchline

Not just a toy
(though I like the toy).

It works on serious benchmarks.

Result

The pipeline improved unknotting numbers of ≈5k knots.
It rediscovered the Brittenham–Hermiller result.

Right now it looks for new counterexamples to u(K#L) = u(K) + u(L).

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 Θ / 6
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Knot picture recognition

▶ Dream in progress Take a photo and your phone recognizes the knot

▶ First stage Use CNNs/transformers for the pixels

▶ Second stage Reconstruct PD code, compute invariants

Life and math

Easy: good pictures of small knots.
Difficult: bad pictures of small knots.

Very difficult: big knots.

Dreamy goal

Currently DNA knots (EM images)
are identified using human resources.

Well, do we need to do that?

Where Θ fits

This is literally
designed to be on your phone,

so no resources to waste.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 4 / 6
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Gamification

▶ Unknot! A physics puzzle game about unknotting

▶ Opportunity Players generate human unknotting attempts

▶ Useful data? We currently collect it, but we need to improve it

Why games?

A) Human intuition is still better than AI.
B) AI has the advantage of being like 1000 undergraduates.

Gamification = Use A) with the multiplier in B).

What we can and cannot do

This is physics-based, but has glitches.
To make this foolproof

we have to add an invariant check.

Still a long way to go

Well, still: This is supposed to be presented
during the Tokyo Game Show 2026,

so we hope for more players.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 5 / 6
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we have to add an invariant check.

Still a long way to go

Well, still: This is supposed to be presented
during the Tokyo Game Show 2026,

so we hope for more players.
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Why I like Θ

▶ Example 1 Unknotting (numbers): that old nasty problem

▶ Point The machine tries bad-looking routes

▶ Θ role Fast sanity check for the route

Fast + strong = apply it

That is the whole talk:
once a good invariant is cheap enough,

it stops being a theorem only
and becomes a tool.
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Why I like Θ

▶ Example 2 Pictures: Identifying knots on your phone

▶ Point ML is good with pixels but bad at topology

▶ Θ role Cheap + strong invariants make guesses safer
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once a good invariant is cheap enough,
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Why I like Θ

▶ Example 3 Games: players try to unknot things

▶ Point In 2026, humans are still better than AI, but we need many

▶ Θ role Cheap + strong verification before belief
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Unknotting is hard

▶ Open for a long time Is u additive under connected sum?

▶ No! Brittenham–Hermiller: obvious diagrams can hide the route

▶ Key Same local-versus-global headache

Why hard?

Human intuition is local;
unknotting often is not.

The right move may look wrong.

71#mir(71)

The minimal known diagram with u = 5 has 56 crossings.
Note the one funny place to swap crossings.

That is not a nice by-hand calculation.

Why start from a list?

Target knots with no sharp upper bound.
Example: The knot 11a14 had u ∈ [2, 3].

Every success gives new information (self-cleaning because we update the source list).

Why inflate first?

Sometimes the visible diagram is stuck.
The decisive crossing change

may not be visible yet.

After the flop

Even the correct crossing change
usually leaves a messy diagram,

and we need to make sure it appears on our list.

The crucial surprise

Greedy simplification can fail.
Adding crossings first can be

the winning move.

Hard unknot punchline

Not just a toy
(though I like the toy).

It works on serious benchmarks.

Result

The pipeline improved unknotting numbers of ≈5k knots.
It rediscovered the Brittenham–Hermiller result.

Right now it looks for new counterexamples to u(K#L) = u(K) + u(L).
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Knot picture recognition

▶ ML part Good at noisy visual input

▶ Topology part Good at actual knot distinctions

▶ Slogan ML guesses; invariants keep it honest

Life and math

Easy: good pictures of small knots.
Difficult: bad pictures of small knots.

Very difficult: big knots.

Dreamy goal

Currently DNA knots (EM images)
are identified using human resources.

Well, do we need to do that?

Where Θ fits

This is literally
designed to be on your phone,

so no resources to waste.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 4 / 6

Knot picture recognition

▶ Θ role A cheap + strong invariant gives a fast + reliable filter

▶ Why cheap matters Attention span of users is limited

▶ Why strong matters Can push recognition to higher crossing range

Life and math

Easy: good pictures of small knots.
Difficult: bad pictures of small knots.

Very difficult: big knots.

Dreamy goal

Currently DNA knots (EM images)
are identified using human resources.

Well, do we need to do that?

Where Θ fits

This is literally
designed to be on your phone,

so no resources to waste.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 4 / 6

Gamification

▶ Unknot! A physics puzzle game about unknotting

▶ Opportunity Players generate human unknotting attempts

▶ Useful data? We currently collect it, but we need to improve it

Why games?

A) Human intuition is still better than AI.
B) AI has the advantage of being like 1000 undergraduates.

Gamification = Use A) with the multiplier in B).

What we can and cannot do

This is physics-based, but has glitches.
To make this foolproof

we have to add an invariant check.

Still a long way to go

Well, still: This is supposed to be presented
during the Tokyo Game Show 2026,

so we hope for more players.
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There is still much to do...

Thanks for your attention!

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 6 / 6



Why I like Θ

▶ Example 1 Unknotting (numbers): that old nasty problem

▶ Point The machine tries bad-looking routes

▶ Θ role Fast sanity check for the route

Fast + strong = apply it

That is the whole talk:
once a good invariant is cheap enough,

it stops being a theorem only
and becomes a tool.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 2 / 6

Why I like Θ

▶ Example 2 Pictures: Identifying knots on your phone

▶ Point ML is good with pixels but bad at topology

▶ Θ role Cheap + strong invariants make guesses safer

Fast + strong = apply it

That is the whole talk:
once a good invariant is cheap enough,

it stops being a theorem only
and becomes a tool.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 2 / 6

Why I like Θ

▶ Example 3 Games: players try to unknot things

▶ Point In 2026, humans are still better than AI, but we need many

▶ Θ role Cheap + strong verification before belief

Fast + strong = apply it

That is the whole talk:
once a good invariant is cheap enough,

it stops being a theorem only
and becomes a tool.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 2 / 6

Unknotting is hard

▶ Open for a long time Is u additive under connected sum?

▶ No! Brittenham–Hermiller: obvious diagrams can hide the route

▶ Key Same local-versus-global headache

Why hard?

Human intuition is local;
unknotting often is not.

The right move may look wrong.

71#mir(71)

The minimal known diagram with u = 5 has 56 crossings.
Note the one funny place to swap crossings.

That is not a nice by-hand calculation.

Why start from a list?

Target knots with no sharp upper bound.
Example: The knot 11a14 had u ∈ [2, 3].

Every success gives new information (self-cleaning because we update the source list).

Why inflate first?

Sometimes the visible diagram is stuck.
The decisive crossing change

may not be visible yet.

After the flop

Even the correct crossing change
usually leaves a messy diagram,

and we need to make sure it appears on our list.

The crucial surprise

Greedy simplification can fail.
Adding crossings first can be

the winning move.

Hard unknot punchline

Not just a toy
(though I like the toy).

It works on serious benchmarks.

Result

The pipeline improved unknotting numbers of ≈5k knots.
It rediscovered the Brittenham–Hermiller result.

Right now it looks for new counterexamples to u(K#L) = u(K) + u(L).

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 Θ / 6

Unknotting is hard

▶ Input Start with known lower bound, unclear upper bound

▶ Goal Improve the upper bound by finding a better route

▶ Key Do not insist on the visible diagram

Why hard?

Human intuition is local;
unknotting often is not.

The right move may look wrong.

71#mir(71)

The minimal known diagram with u = 5 has 56 crossings.
Note the one funny place to swap crossings.

That is not a nice by-hand calculation.

Why start from a list?

Target knots with no sharp upper bound.
Example: The knot 11a14 had u ∈ [2, 3].

Every success gives new information (self-cleaning because we update the source list).

Why inflate first?

Sometimes the visible diagram is stuck.
The decisive crossing change

may not be visible yet.

After the flop

Even the correct crossing change
usually leaves a messy diagram,

and we need to make sure it appears on our list.

The crucial surprise

Greedy simplification can fail.
Adding crossings first can be

the winning move.

Hard unknot punchline

Not just a toy
(though I like the toy).

It works on serious benchmarks.

Result

The pipeline improved unknotting numbers of ≈5k knots.
It rediscovered the Brittenham–Hermiller result.

Right now it looks for new counterexamples to u(K#L) = u(K) + u(L).

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 Θ / 6

Unknotting is hard

▶ Step 1 Inflate the diagram, but not randomly

▶ RL agent 1 Guess promising diagrams/crossings

▶ Hope A larger diagram may reveal the right flop

Why hard?

Human intuition is local;
unknotting often is not.

The right move may look wrong.

71#mir(71)

The minimal known diagram with u = 5 has 56 crossings.
Note the one funny place to swap crossings.

That is not a nice by-hand calculation.

Why start from a list?

Target knots with no sharp upper bound.
Example: The knot 11a14 had u ∈ [2, 3].

Every success gives new information (self-cleaning because we update the source list).

Why inflate first?

Sometimes the visible diagram is stuck.
The decisive crossing change

may not be visible yet.

After the flop

Even the correct crossing change
usually leaves a messy diagram,

and we need to make sure it appears on our list.

The crucial surprise

Greedy simplification can fail.
Adding crossings first can be

the winning move.

Hard unknot punchline

Not just a toy
(though I like the toy).

It works on serious benchmarks.

Result

The pipeline improved unknotting numbers of ≈5k knots.
It rediscovered the Brittenham–Hermiller result.

Right now it looks for new counterexamples to u(K#L) = u(K) + u(L).

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 Θ / 6

Knot picture recognition

▶ ML part Good at noisy visual input

▶ Topology part Good at actual knot distinctions

▶ Slogan ML guesses; invariants keep it honest

Life and math

Easy: good pictures of small knots.
Difficult: bad pictures of small knots.

Very difficult: big knots.

Dreamy goal

Currently DNA knots (EM images)
are identified using human resources.

Well, do we need to do that?

Where Θ fits

This is literally
designed to be on your phone,

so no resources to waste.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 4 / 6

Knot picture recognition

▶ Θ role A cheap + strong invariant gives a fast + reliable filter

▶ Why cheap matters Attention span of users is limited

▶ Why strong matters Can push recognition to higher crossing range

Life and math

Easy: good pictures of small knots.
Difficult: bad pictures of small knots.

Very difficult: big knots.

Dreamy goal

Currently DNA knots (EM images)
are identified using human resources.

Well, do we need to do that?

Where Θ fits

This is literally
designed to be on your phone,

so no resources to waste.

Applications of a fast and strong knot invariant Fast + strong = use it everywhere July 2026 4 / 6

Gamification
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