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TEN THOUSAND AGENTS - SEVENTEEN HOURS - ONE ORACLE

An Al cracked a SIM problem.
That was the boring part.

A proof no human will ever read was declared correct in seventeen hours by a program that
understands nothing. The machine that matters this week is not the one that thinks. It is the
one that checks.
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Stop buying smarter models. Start buying Sound makes a quantum jump. A pig kidney Nine years of human proof, out-typed in
cheaper oracles. buys 271 days. three weeks.
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EDITOR'S NOTE

There is an old and useful distinction between a discovery
machine and an acceptance machine. The first produces
candidate truths. The second decides which ones get to count.
For four hundred years the second machine in science has
been other scientists — slow, social, expensive, and almost
entirely made of trust.

This month, in exactly one field, that second machine was
replaced by software. On 8 September a swarm of ten
thousand Al agents produced a proof that the Navier-Stokes
equations can break down. On 21 September, nine of the most
decorated mathematicians alive formed a committee because
the first machine had begun producing faster than the field
could absorb.

Almost everyone read those two events as one story about
intelligence. They are one story about throughput. The proof
mattered because Lean — a theorem prover with no opinions,
no reputation and no interests — certified it in seventeen
hours. Acceptance became a compute cost. Once acceptance
is a compute cost, discovery can scale.

So here is the lens for this issue, and it is the lens I would
hold over every Al roadmap in your organisation: capability is
downstream of verification. A model is only as useful as the
cheapest honest thing that can tell it that it is wrong. Where
that oracle exists, expect a step change this year. Where it
does not, expect a beautiful, confident, unfalsifiable mess —
and budget for the committee you will have to convene
instead.



THE FEATURE - MACHINE MATHEMATICS

The Verifier
Frontier

An Al system resolved a Millennium Prize problem this month. The result everyone reported was the proof.

The result that will reorganise industries is the seventeen-hour receipt that came with it.

O n the morning of Tuesday 8 September, mathematicians at OpenAl announced that roughly ten thousand

autonomous agents, running on a model the public cannot touch, had found a singularity in the three-

dimensional Navier-Stokes equations — the equations that describe how every fluid on Earth moves, written down in

the 1840s and unbroken ever since. It is one of the seven Millennium Prize Problems posed by the Clay Mathematics

Institute in 2000, each carrying a million dollars. Quanta called it, if it holds, the most important mathematical proof

yet produced by a machine. OpenAl did not claim the money.

The part that is genuinely hard

Take the fluid seriously for a moment, because the intuition is
the whole story. Navier-Stokes assumes you can zoom in on
water forever and it stays water — infinitely divisible, perfectly
smooth. Real water is atoms, so the question is not about
oceans. It is about whether Newton's second law, applied to an
idealised fluid, keeps its promises. A "blow-up" means some
vanishingly small parcel of that fluid spins up to infinite speed
in finite time. The equation eats itself.

For decades nearly everyone assumed it could not happen.
"Ten years ago, nobody believed there was a singularity for
Diego Cordoba of the
Mathematical Sciences in Madrid told Quanta. That changed
slowly — a 2013 result from Caltech's Thomas Hou and Guo

Navier—Stokes," Institute for

Luo showing blow-up in the frictionless Euler equations inside
a spinning cylinder, then a string of results through 2019 that
made the impossible merely unlikely.

The humans who built the ramp

The decisive idea was not the machine's. Coérdoba and his
former student Luis Martinez-Zoroa spent years on an analytic

CONTINUED OVERLEAF -

technique that used no computers at all: stack an infinite
sequence of well-behaved solutions into what Martinez-Zoroa
calls an "infinite cascade,' and show the limit contains the
singularity you want. By 2023 they had it — for a version of
Euler with an ugly forcing term. The Millennium statement
demands a smooth one. That last gap is what both Al efforts
closed.

Charles Fefferman of Princeton, who wrote Clay's official
description of the problem, was unambiguous about who the
protagonists are: the heroes, he said, are Coérdoba and
Martinez-Zoroa. Tristan Buckmaster of NYU went further in
his own statement — in view of this body of work, he wrote, he
believes Martinez-Zoroa deserves a Fields Medal.

Hold that sequence in mind, because it is the shape of every
story in this issue: a decade of unglamorous human
groundwork, one narrow gap left open, and a machine that
closes it over a long weekend.

THE RUN, THE SUBSTRATE, AND THE REVOLT



THE FEATURE - CONTINUED

What ten thousand agents actually did

OpenAl's account is unusually specific about mechanics, and
the mechanics are the point. Nearly a hundred agents worked
together for roughly fifty hours to produce a disproof of Euler
regularity. The company then pointed a far larger swarm —
about ten thousand agents — at Navier-Stokes. After eighty-
eight hours they had a singularity. A second model then spent
seventeen more hours turning that argument into Lean, a
formal proof language in which every step is mechanically
checked. Across the run the agents sent each other close to
five million messages. Sébastien Bubeck of OpenAl put the
compute bill at several million dollars.

Note what is absent from that description. No reviewer. No
seminar. No eighteen-month referee queue. The 166-page
artefact that emerged is, by any reasonable estimate,
unreadable — one commenter on the mathematical
community's main forum put it flatly: nobody is going to check
a 200-page proof by hand. Nobody has to. Lean checked it, and
Lean is not persuaded by prestige.

The humans involved were candid about the aesthetics.
Buckmaster, describing the first machine-written proof his
collaborator sent him, called it the most horrendous thing he
had ever read, and apologised in advance that one of the three
papers they were releasing could only be described as Al slop.

Nobody is claiming beauty. They are claiming it holds.

A proof used to be an arqgument that
convinced people. It is now an object that
compiles.

The substrate nobody was watching

This only worked because mathematics had spent nine years
quietly building the thing that made it work. Mathlib — Lean's
shared library of formalised mathematics — is roughly 2.3
of code,

million lines hand-written by hundreds of

mathematicians over the better part of a decade. It is the
reason a machine can say "topological space" and mean it.

Then consider the scale mismatch. Kevin Buzzard, an
Imperial College mathematician and mathlib maintainer, noted
in July that OpenAl's Sol model had produced 1.2 million lines
of Lean in three weeks on a single formalisation project. Nine
years of human craft; three weeks of machine output; the
same order of magnitude. The library is the bottleneck that
stopped being one.

Then the field broke

Volume, not correctness, is what cracked. OpenAl says its
internal model has now resolved more than a hundred long-
standing open problems across most areas of mathematics. On
11 September, twenty-five Fields medallists signed an open
letter titled "A Severe Misalignment of Al in Mathematics"; it
now lists twenty-seven medallists and more than 7,800
endorsers. Their objection is precise and worth reading
carefully: a proof counts, they argue, only once the community
can verify it and trace where it came from.

Provenance, not validity. Buckmaster had separately alleged
that OpenAl pressured him over crediting a collaborator at
Anthropic, and wondered aloud whether his own work through
OpenAl's tools had fed the company's proof. On 21 September
nine mathematicians — among them Timothy Gowers, Martin
Hairer and Edward Witten — announced an independent
Advisory Group on Mathematics and Artificial Intelligence,
hosted at the Institute for Advanced Study, unpaid and
unaffiliated. Their stated first task: advise OpenAl on how to
release a backlog of significant results. Their stated limit, in
their own words, is that they have no decision-making power
at any company.

Cordoba, who did the analytic groundwork without
touching a model, has a standing joke about all this: he does
not use Al, he has Luis. Martinez-Zoroa's own response was
the more telling one, and it is the honest register for the whole
month. He was not opposed to the machines. It was simply
that, until recently, they had not matched the way he worked.
He will have to adapt, he said. Clearly.



THE FEATURE - FROM LAB TO MARKET

What actually transferred

Nothing about fluid engineering changed this month. Real
fluids are made of molecules, so a mathematical singularity has
no immediate consequence for a turbine blade or a weather
model. What transferred is a template, and the template is
portable to any domain that can build the same three pieces: a
generator that proposes at volume, a formal language that
states claims without ambiguity, and a checker that accepts or
rejects without negotiating.

Mathematics had all three. Most industries have one and a
half. That asymmetry — not model quality — is what will decide
which sectors get an Al discovery boom in the next thirty-six
months. Chip design already has it: formal equivalence
checking is a total, adversarial oracle, which is precisely why
synthesis automated early and deeply. Distributed systems
have TLA+. Cryptographic protocol design has it. Compiler
optimisation has it.

Clinical medicine does not. Materials discovery has a slow,
expensive physical oracle measured in months per query.
Corporate strategy has none at all — which is why, reliably, Al
strategy decks read beautifully and decide nothing. The right
question to bring to a vendor is no longer "how good is your

FIELD NOTES -

here; a candidate is.

A WORKING GLOSSARY

Lean

A proof assistant and programming language. Statements are types; proofs
are programs. If it compiles, it is true — given the axioms.

Mathlib

Lean's shared library of formalised mathematics, ~2.3M lines built over nine
years. The reusable substrate everything else stands on.

HOW A MACHINE PROOF GETS TRUSTED

model." It is: what tells us when this is wrong, how fast, and at
what unit cost?

The oracle most firms already own

Software organisations are unusually lucky here and mostly do
not act like it. A test suite is an oracle. A type checker is an
oracle. Schema validation, property-based tests, staged
rollouts with automatic rollback, reconciliation against a
ledger — each is a cheap, fast, adversarial check that runs
thousands of times a day with no human in the loop. That is
why code generation reached production ahead of almost
every other knowledge task, and it was never because code is
easy.

The consequence is unglamorous and immediate. The
coverage of your checking infrastructure, not the
sophistication of your model tier, now sets the ceiling on how
much generation you can safely absorb. Widening it — better
fixtures, faster CI, tighter invariants, a reconciliation job where
there is currently a review meeting — is the cheapest
capability upgrade available to most teams this year, and the

only one no vendor can sell you.

1 Generate. Thousands of agents explore proof strategies in parallel, arguing in natural mathematics. Most branches die. The
survivors are informal, long, and — by the admission of the humans who read them — often ugly. Elegance is not the product

2 Formalise. A second model rewrites the winning argument into Lean, where every inference must name the prior result it
depends on, all the way down to the axioms. This is translation, not reasoning, and it is where most hand-waving dies loudly.

3 Compile. Lean's kernel checks the whole object. It either builds or it does not. There is no partial credit, no benefit of the doubt,
and no difference in treatment between a Fields medallist and a swarm. This step cost seventeen hours.

4 The human step that remains. Someone must confirm that the Lean statement means what mathematicians intended to ask.
The machine guarantees the answer is true. It cannot guarantee it answered the question.

Blow-up (singularity)
A solution to a differential equation that becomes infinite in finite time. The
equation stops describing anything.

Autoformalisation

Machine translation of informal mathematics into a formal language. The
hinge on which machine-scale verification turns.



AGAINST THE GRAIN

Buy the oracle,
not the brain.

THE CONTRARIAN

The Al capability frontier is not a model frontier. It is a verifier frontier — and unlike model
scaling, it is almost entirely predictable in advance.

The consensus reading of September is that intelligence
arrived: the models got smart enough to do research
mathematics, so research mathematics fell. Extrapolate and
everything else falls next, in roughly capability order.

Read it the other way. Mathematics did not fall because the
models crossed a threshold. It fell because it was the one
discipline that had already spent a decade building a cheap,
total, adversarial oracle and a machine-readable corpus to
feed it. The swarm was the last component to arrive, not the
first. Every other ingredient was sitting there, hand-built,
since 2017.

That inverts the planning question. Model capability is a
smooth, shared, rented commodity that arrives on everyone's
desk the same quarter. Verification infrastructure is lumpy,
domain-specific, and mostly unbuilt — which means it is the
actual scarce asset, and the only one you can own.

The test that ranks your portfolio

For any workflow you are considering automating, score the
checker, not the generator. How complete is it — does it catch
every class of error, or just the ones you thought of? How
cheap is a single query? How fast? And is it adversarial —
genuinely independent of the thing producing the work, or a
sibling model grading its own homework?

Score well on all four and you can run generation at absurd
volume and let the oracle sort it, which is exactly what ten
thousand agents and five million messages buys you. Score

badly and every unit of extra generation is a unit of extra

AGAINST THE GRAIN

review burden landing on the scarcest people you employ. The
economics run backwards. More Al makes you slower.

Why the consensus disagrees — and is partly right

Four honest objections, and none of them are small.

The oracle checks truth, not relevance. Lean guarantees
the theorem follows from the axioms. A human still has to
certify that the formal statement is the question anyone cared
about. Verified answers to subtly wrong questions are more
dangerous than no answer, because they arrive wearing a
certificate.

The economics are not general yet. Several million dollars
of compute for one proof is a demonstration, not a production
line. It is defensible only where the prize is a Millennium
Problem.

Most domains cannot get a Lean. Formal verification works
where truth is definitional. Biology, markets and human
behaviour do not offer that, and no amount of engineering will
manufacture it. For those fields the honest ceiling is a faster,
noisier empirical loop — valuable, but a different species.

The binding constraint moved to people. AGMAI exists
because the field's social throughput broke, not its epistemics.
Twenty-seven Fields medallists are not disputing that the
proof compiles. They are disputing who gets credit, when
results appear, and whether a generation of doctoral students
still has work worth doing. Verification solved the trust
problem and created an attribution problem in its place — and

unlike the first, that one has no compiler.
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Sound finally makes the jump

Stanford physicists have watched a single phonon — the quantum of vibration — leap between energy
states in real time, the first direct observation of a quantum jump in sound. The trick was patience
engineered into hardware: a microscopic mechanical resonator with a two-millisecond vibrational
lifetime, paired with a superconducting qubit that interrogates it hundreds of times inside that window
without immediately destroying the state. Trapped ions gave up this behaviour in 1986 and photons in
2007; matter's own vibrations held out for four decades. The practical payoff is error detection — a
mechanical mode you can watch continuously is a mechanical mode whose failures you can catch mid-
flight.

The organ that was only ever a bridge

Tim Andrews received a gene-edited pig kidney in January 2025 and lived without dialysis for 271 days
before receiving a human kidney — the longest dialysis-free survival after a porcine kidney
xenotransplant in a living person, and the first crossing from pig organ to human organ. Published in The
Lancet by Mass General Brigham physician-scientists, the quiet result is the one that matters
commercially: the human kidney functioned immediately, with no sign that the pig organ had sensitised
his immune system against it. Xenotransplantation's viable business case was never permanence. It was
buying time without spending the future.

Concrete that eats a little of its own guilt

Engineers at Mepco Schlenk Engineering College, reporting in Carbon Research, replaced half the fine
aggregate in M35 concrete with zeolite and one percent of the cement with bamboo biochar. The mix —
ZB5 — reached 38.49 MPa in compression, 7.48% above conventional, and 4.39 MPa in split tension, a
15% gain. In a carbonation chamber it pulled in 1.2 grams of CO:z a day, penetrating 15 mm in a week.
Cement is roughly a twelfth of global emissions, so the honest framing is not carbon-negative concrete.
It is the first serious argument that the strength penalty for making concrete absorb anything might be
negative too.



BY THE NUMBERS

10,000

Autonomous agents OpenAl pointed at Navier-Stokes, running
on a model the public cannot access.

QUANTA MAGAZINE

~y

Messages the agents sent one another during the run. Compute
cost, per OpenAl's Sébastien Bubeck: several million dollars.

QUANTA MAGAZINE

Lines of Lean written by OpenAl's Sol model in three weeks, on
one formalisation project.

KEVIN BUZZARD - XENA PROJECT

$1M

MACHINE MATHEMATICS - SEPTEMBER 2026

88 +17

Hours to find the singularity, then to formalise it in Lean. The
second number is the one that changed the field.

QUANTA MAGAZINE

Lines of code in mathlib, Lean's mathematical library — hand-
built by the community over nine years.

KEVIN BUZZARD - XENA PROJECT

100+

Long-standing open problems OpenAl says its internal model
has now resolved across most areas of mathematics.

OPENAI, VIA AGMAI ANNOUNCEMENT

The Clay Mathematics Institute prize attached to Navier-Stokes since 2000. It is not awarded yet — Clay requires
peer-reviewed publication and a two-year verification window — and OpenAl declined to claim it.

CLAY MATHEMATICS INSTITUTE - QUANTA MAGAZINE

Fields medallists now signed to the open letter A Severe Misalignment of Al in Mathematics, alongside more than 7,800
other endorsers — against 9 mathematicians on the unpaid advisory group convened to manage the release of the results
they are objecting to. The ratio is the story: the verification problem found an answer in seventeen hours; the legitimacy
problem got a committee.

SCIENTIFIC AMERICAN - TECHCRUNCH - AGMAI.ORG
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THE LONG VIEW

Where the bottleneck went

Every general-purpose technology relocates its bottleneck at
least once, and the relocation is always more consequential
than the technology. Steam did not matter until iron rails
it.
photolithography could pattern it. In both cases the story

could carry The transistor did not matter until
people told was about the engine, and the fortunes were made
on the track.

Generative Al spent four years with its bottleneck in the
model. That is where the capital went, where the headlines
went, and where the mental model of almost every executive
still sits. September suggests the bottleneck has moved, and
moved somewhere unglamorous: to the machinery that
decides whether the output is worth anything,

Mathematics happened to have built that machinery
already, for entirely unrelated reasons, by a few hundred
people who thought formalising undergraduate algebra was a
worthwhile use of a decade. They were building rails. Nobody,
including them, quite knew what for.

Two questions, not one

Which suggests the discipline to carry out of this issue is
simply to separate two questions that most organisations still

SOURCES & FURTHER READING

o

. Kakaes, K. "Al Has Solved One of Math's $1 Million Millennium Prize Problems."
Quanta, 8 Sept 2026. quantamagazine.org /ai-has-solved-one-of-maths-1-
million-millennium-prize-problems-20260908 /

N

"OpenAl claims huge maths breakthrough on a famed 'Millennium Problem""
Nature, Sept 2026. nature.com/articles/d41586-026-02842-5

w

. OpenAl "On the Navier-Stokes Millennium Prize Problem." openai.com/index/
navier-stokes-solution/

4. Advisory Group on Mathematics and Al, guest post. What's New (T. Tao), 21 Sept
2026. terrytao.wordpress.com/2026,/09/21/advisory-group-on-mathematics-
and-artificial-intelligence /

Ut

. Advisory Group on Mathematics and Artificial Intelligence. agmai.org

@

Buzzard, K. "Human mathematicians are being outcounterexampled." Xena, 20
July 2026. xenaproject.wordpress.com/2026,/07/20/human-mathematicians-
are-being-outcounterexampled/

oo

©

10.

11.

2,

ask as one. Can the model do it? is now, more often than not,
cheap to answer and rapidly answered in the affirmative. Can
we tell, quickly and independently, whether it did it right? is the
expensive question, the one that determines whether
capability converts into throughput or into review debt.

It is worth saying plainly that the second question is
answerable in advance. You can inventory your oracles this
quarter. You can rank workflows by how completely, cheaply
and independently their output can be falsified. Almost nobody
does, because verification infrastructure has never been the
thing that gets funded — it is the thing that gets deferred until
an incident makes it urgent.

There is a third question underneath both, and mathematics
has just demonstrated that it does not go away. When the
checking is automatic and the output is voluminous, the scarce
thing is no longer correctness. It is agreement about what was
worth asking, and about who gets to claim the answer. That is
what nine mathematicians at Princeton have been asked to
supply, unpaid, with no authority, on a deadline set by
someone else. It is the hardest problem in the issue, and it is
the only one with no oracle.
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