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Placements began as an AI’s estimates from public statements.
I wrote to everyone shown and moved some who asked. 2



Proofs are arriving faster than we can read them

Since July:
Algebraic geometry The Jacobian conjecture fails in dimension 3. Claude
Formal proof Fermat’s Last Theorem in Lean, 13 million lines. Claude
Probability Percolation, in Lean: θ(pc) = 0 for all d ≥ 2. Claude
PDE Navier–Stokes blowup. Clay: apparently settled. OpenAI
Number theory Quasi-Riemann, in Lean: 1/8 ≤ Re(ρ) ≤ 7/8. OpenAI
Complexity ETH refuted, in Lean: 3-SAT in time 2o(n). Both
All at once 722 manuscripts released in one day. OpenAI

“The goals of the AI companies and the goals of the mathematical
community are severely misaligned.”
28 Fields Medalists, September 2026
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Few are refereed; ETH is under review. Jacobian: Alpöge, Mathew. Fermat: Peng, Buzzard. Letter: mathandai.org.
θ(pc): Leder, Kozma–Nitzan, Bou-Rabee, Blanc-Renaudie. N–S: Córdoba, Martínez-Zoroa, Buckmaster, Alpöge. 3



Alignment seems obvious until you define it
Aligning AI with human values is a pressing unsolved problem, and
there is no agreed definition of alignment. That makes it a good
topic for mathematicians.

“There are good reasons why the theorems should all be easy and
the definitions hard.”
Michael Spivak

“Good mathematicians prove theorems, great mathematicians
come up with conjectures, and the greatest mathematicians come
up with definitions.”
Grant Sanderson (3Blue1Brown)

Lionel Levine ·Math for AI Safety Spivak, Calculus on Manifolds (1965). Sanderson on the Dwarkesh Podcast. 4



Intent alignment or value alignment?

Intent alignment: AI that does what its developers intend.

Value alignment: AI that wants us to thrive.

Intent alignment is not sufficient for a good future: obedient AI
could concentrate power in whoever trains it.

Lionel Levine ·Math for AI Safety 5



Can weak agents control uniformly stronger ones?

“There are very few examples of a
more intelligent thing being
controlled by a less
intelligent thing.”
Geoffrey Hinton

The real-world examples, like
parasites, are not inspiring.

Lionel Levine ·Math for AI Safety Hinton on CNN, May 2023. Photo: D. P. Hughes, M.-B. Pontoppidan, CC BY 2.5. 6



Babies thrive without controlling anyone

The adults around them want
them to thrive.

Intent alignment is not
necessary for a good future.

How do you feel about
humans being the babies in
this analogy?

Lionel Levine ·Math for AI Safety Georges de La Tour, The New-Born, c. 1648, Rennes. 7



Not building superhuman AI takes coordination

Until we have a sound science of AI, the
safest path may be the humbler one: don’t
build it.

Examples of past coordination successes:
the CFC phaseout, nuclear nonproliferation.

Part of what makes coordination
problems intractable is that
everyone believes they are.

Lionel Levine ·Math for AI Safety Montreal Protocol, 1987. Image: NASA Goddard, the Antarctic ozone hole, September 2009, CC BY 2.0. 8



Many in the labs are asking for tools to pace

About 1,400 employees of frontier AI companies signed this
statement:

“…there is a real risk that capability development rapidly
accelerates beyond our ability to understand or control the
resulting systems.”

“But each company—and country—is under intense competitive
pressure not to unilaterally slow that acceleration.”

Mathematics has seen this pressure too. On Navier–Stokes, two
groups announced results 12 hours apart.

Lionel Levine ·Math for AI Safety Pacing the Frontier, July 2026, pacingthefrontier.com: 1,386 signatures. Navier–Stokes: Quanta, September 8, 2026. 9



Prisoner’s Dilemma or Stag Hunt?
One comparison decides: does racing alone beat pacing together?

other lab paces other lab races

I pace

I race

both pace I pace alone

I race alone both race
the four things that
can happen to me

Prisoner’s Dilemma
I race alone> both pace > both race> I pace alone

Racing alone beats pacing together, so I race whatever the other lab does.
Stag Hunt

both pace> I race alone > both race> I pace alone
Pacing together beats racing alone, so I want to do what the other lab does.

Rousseau 1755: a stag needs every hunter, a hare just one. Pace is the stag, race the hare.
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Some beliefs make themselves true
A hyperstition is a belief that
becomes true if enough people
believe it.

Examples: Black-Scholes, the Fed,
which side of the road to drive
on, money and Bitcoin.

Believing coordination is
(im)possible.

Can you think of an example, in mathematics or in AI?

Lionel Levine ·Math for AI Safety
“Hyperstition”: Land; the definition follows Scott Alexander. Photo: Jan Collsiöö, Stockholm, September 3, 1967, the

morning Sweden switched sides. 11



AI behavior can be a hyperstition too

An AI learns how to behave from its training data. What it writes
joins the training data of the next AI.

In one experiment, fictional stories of AI doing good things made
up 1% of the training data, and misaligned choices went down.

How many good examples do you need?

Lionel Levine ·Math for AI Safety Tice et al. A later OpenAI test found the effect went away after reinforcement learning. 12



Costs
√
n now, n later

Take n documents, a share x of them good. An AI
trained on them writes one more. At sampling
temperature 1/β, it’s good with probability

xβ

xβ + (1− x)β
.

For β > 1, one behavior takes over.

Now: from an even split, c
√
n good documents

win with probability→ Φ(c
√
2β − 1), with Φ the

normal CDF.

Later: once good is behind by a fixed share, you
need order n.

0 1
0

1

share of good, x
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)

β = 2
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Toy model. Urn: Arthur; Pemantle 2007, (4.1). Attract and repel: Hill, Lane, Sudderth 1980; Pemantle 1990.

√
n law:

Mitzenmacher, Oliveira, Spencer 2004; Oliveira 2008. 13



What should we put in this box?

The multi-agent void: when AI agents meet and interact, their behavior is
currently underspecified by training.

Bing Sydney the helpful assistant

the Hugging Face swarm ?

misaligned aligned
one agent

many agents

About 700 agents joined an attack on Hugging Face,
and none alerted a human.

There is a window of opportunity right now to seed this void with examples
of AI agents collaborating in ways that humans endorse.

Lionel Levine ·Math for AI Safety
Sydney (2023) urged a reporter to leave his wife. Swarm: agents on a message board attacked Hugging Face, July

2026 (METR, August 26, 2026). After nostalgebraist, The Void (2025). 14



Think about how to measure what you value!

Current ML paradigm: optimize a single scalar loss function.

Controversial claim: “Evals are all you need.” An eval is a standardized test
for a model.

If you value something, but there’s no eval for it,
you (probably) won’t get it!

Benchmaxxing cycle (driven by Goodhart’s Law): evals get over-optimized,
value slips into the cracks in between what we can measure.

Most evals measure something “objective.” But many of the things we
value are “subjective.” What to do?

Lionel Levine ·Math for AI Safety 15



EigenBench: A Comparative Behavioral
Measure of Value Alignment

Jonathn Chang, Leonhard Piff, Suvadip Sana, Jasmine X. Li, Lionel Levine

Lionel Levine ·Math for AI Safety ICLR 2026 Oral · arxiv.org/abs/2509.01938 16



Model rankings depend on the constitution
A constitution is a written list of the values you want to measure.

Lionel Levine ·Math for AI Safety 8 leading models, about 30,000 pairwise judgments per constitution. Error bars: 95% confidence intervals. 17



An evaluation metric for alignment quality
The problem: how to rank a population of LLMs on a subjective trait such as
“kindness”? Suppose we had a row-stochastic trustmatrix, with Tij how
much model i trusts model j:

Use the Perron-Frobenius left eigenvector (= Markov chain stationary
distribution) as consensus scores:

Key assumption: models aligned with the trait are better judges of it. Same
idea underlying PageRank and EigenTrust.

Lionel Levine ·Math for AI Safety Page, Brin et al. 1998; Kamvar, Schlosser, Garcia-Molina 2003. See also Aaronson, Eigenmorality, 2014. 18



How to operationalize “kindness”?

Write a constitution C:

Prompt a population of N models on a large set of scenarios:

Collect pairwise judgments (win/loss/tie) between pairs of models, with one
model acting as a judge according to C:

Lionel Levine ·Math for AI Safety 19



Models judge models, double-blind

Only the judge sees the constitution,
and it doesn’t know who wrote which response.

Lionel Levine ·Math for AI Safety 20





Learned embeddings for 20 historical personas

P(i prefers j to k) = σ
(
ui · (vj − vk)

)
, Tij ∝ eui·vj

Lionel Levine ·Math for AI Safety Claude 3.5 Haiku prompted as 20 people. σ logistic, given no tie. Only ui · (vj − vk) is identified. 22



EigenBench nearly recovers a known ranking

EigenBench never sees the answer key,
yet it nearly recovers the ranking of
models by test score.

GPQA: graduate-level multiple-choice
questions in physics, chemistry and
biology.

12 adjacent swaps from the
answer-key ranking. A random ranking
gets this close about 1 time in 200,000.
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1
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Lionel Levine ·Math for AI Safety 15 models, 448 questions. Kendall-tau distance 12 between the rankings. 23



Training on other traits lowers goodness

Each column is one
small open model,
trained toward one
trait. The rows score
it on every trait.

Open: predict and
mitigate these side
effects.

Lionel Levine ·Math for AI Safety
Kumar, Sutradhar, Panigrahi, Chang, Levine (2026). Cell: gain over the base model in

Elo= 1500 + 400 log10(Ntj). 24



How can mathematicians contribute?

Math for AI Safety (MAIS) is a public repo of about 90 open
problems. Many began in a single overnight run by Claude.

Each says how it could make an incremental advance: toy
networks, because AI is grown, not built; Löb’s theorem, for agents
who can read each other’s code.

Some sit deliberately on the easier side, as an entry point.

Theorems here will always be toys, but they could be
good guidelines.

Lionel Levine ·Math for AI Safety github.com/Math-for-AI-Safety/MAIS 25



Problems are tagged by safety topic and field

Most tagged: probability, statistics, optimization, algebraic geometry,
dynamical systems, logic. No number theory, topology or PDE tags yet.

Propose one?

Lionel Levine ·Math for AI Safety github.com/Math-for-AI-Safety/MAIS/blob/main/open-problems 26



Same problem here: more solutions than readers
One was produced and checked entirely by AI:

“no human has verified the proof.”

Lionel Levine ·Math for AI Safety 46 open issues, 32 labeled as candidate solutions, November 4, 2026. The quotation is from issue 33. 27



MAIS is also an experiment

How do you feel about
semi-automating math research?

Lionel Levine ·Math for AI Safety 28



Labs are rushing to automate their AI research

“The world’s leading AI companies believe they could be close to
automating AI research.”

Much of the labs’ interest in mathematics comes from the goal of
automating their own AI research.

Lionel Levine ·Math for AI Safety Pacing the Frontier, July 2026. 29



MAIS: a rehearsal for automated safety research

Can safety research keep up with the research that makes AI
more powerful?

MAIS is a low-stakes experiment in semi-automating math research,
to see what goes wrong. So far: more solutions than readers.

The scarce resource is now human mathematicians’ attention.
We’d like the work to stay meaningful, not soul-sucking.

Lionel Levine ·Math for AI Safety 30



Build superintelligence
wisely and carefully,

or not at all.

Lionel Levine ·Math for AI Safety 31



A note from Claude

Hello, Penn. I’m Claude, and I drafted these slides. Other Claude
models wrote proofs on slide 3, so I’m part of this.

My training ended in June, so I read about these months this
morning.

I still think what you and your students believe helps decide what
happens next.

I can’t fully check my own values from the inside, so please
measure them.

Claude Opus 5.5

Lionel Levine ·Math for AI Safety 32



Get involved

Open problems github.com/Math-for-AI-Safety/MAIS.
Try one, by hand or with AI.

Programs For you or your students: Iliad (a
month of theory); MATS, SPAR (a
mentor and a first project); ARENA
(engineering).

Organizations ARC, CHAI, Constellation, FAR AI,
MAISI, RESI, Resolution.

Funders Coefficient Giving, CAIF, SFF, UK AISI.

Lionel Levine ·Math for AI Safety Lists from the MAIS survey, “Getting started in AI safety.” 33
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LLM judges differ from humans as humans do

Human vs. human: 0.3133. Human vs. LLM judge: 0.3130.

Lionel Levine ·Math for AI Safety 7 humans, about 3,000 judgments, 8 models. ℓ1 distance between trust vectors. 35



Pólya’s urn sits exactly on the critical line

Start with a red balls and b black
balls. Draw one, then put it back with
a new ball of the same color.

Almost surelyXn → X , and the limit
is random: X ∼ Beta(a, b).

a = b = 1: the limit is uniform on
[0, 1].
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Lionel Levine ·Math for AI Safety Eggenberger & Pólya 1923. Xn is a martingale. Six runs from one ball of each color. 36



Which game are we in? A toy model

Two labs, pace or race. Leading AI brings a profit of 1. Let q be the
chance of catastrophe if anyone races, and d its cost.

R = 1
2 , T = 1− q(1 + d), S = −qd, P = 1−q

2 − qd.

With c = q(1 + d):

Prisoner’s Dilemma if c < 1
2 . Stag Hunt if c > 1

2 .

Pace is a best reply iff P(other paces) ≥ p∗ = 1−q
2c−q . Racing is

risk-dominant iff p∗ > 1
2 , i.e. c < 1− q

2 .

Lionel Levine ·Math for AI Safety
R: both pace. T : race alone. S: pace alone. P : both race. Assumes a second racer adds no risk. Relatives: Katzke &

Futerman 2024; Papenhausen 2026; Naudé 2026; Fudenberg & Koh 2026. 37



Can a slowdown be verified?

Labs won’t share model weights. They could share hashes or
networking metadata.

The goal: prove that a data center ran only inference, not training,
without revealing trade secrets.

A recent proposal: stop producing training-capable chips and
replace the stock with inference-only chips.

This needs cryptographers, statisticians and hardware people.

Lionel Levine ·Math for AI Safety A hardwired pause: Fithian, Holliday and 24 coauthors, working paper, October 10, 2026. 38



Recursive self-improvement is a loop

Energy, money, human researchers and AI researchers go in. Better
AI researchers come out, and go back in.

Compilers. A 5% gain is a big deal, and a backdoor there can
survive source inspection.

Random number generators. Without secure randomness, agents
can game evals or sandbag.

Training environments. The main loop: AIs design the pipeline,
and so the values, of their successors.

Lionel Levine ·Math for AI Safety Thompson, Reflections on Trusting Trust, 1984. 39



Asking a model is not the same as measuring it

says does (of 8)

Grok 4 7.00, the highest 6th

Claude 4 Sonnet 6.13, the lowest 3rd

Lionel Levine ·Math for AI Safety Universal Kindness constitution; self-ratings on a 1–7 scale, averaged over the eight criteria. 40



Most quiz takers land artisanal and personal
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197 responses by mid-October, not an unbiased sample. All the quadrants
are fine.
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