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“Mathematics underwent, in the nineteenth century, a transformation 
so profound that it is not too much to call it a second birth of the 
subject—its first birth having occurred among the ancient Greeks…”

Howard Stein, “Logos, Logic, and Logistiké: Some Philosophical Remarks on Nineteenth-
Century Transformation of Mathematics”

“May you live in interesting times.”

(traditional)

“The report of my death was an exaggeration.”

Mark Twain



Overview

Advances in AI for mathematics over the last several months have been stunning.

I will discuss:

● AI for Mathematics

● Recent Events

● Mathematicians’ Responses

● The Future of Mathematics

● The Role of Research in AI



AI for 
Mathematics



AI for Mathematics

In 2023, a workshop by the National Academies for

Science, Engineering, and Medicine explored

the promise and challenges of AI for mathematics.

The NSF Institute for Computer-Aided Reasoning 

was launched in September 2025 to address the 

challenges.



AI for Mathematics

We interpret the phrase broadly to include:

● interactive theorem proving and 

formalization​

● automated reasoning and symbolic AI​

● machine learning and neural AI​

All three come together in neurosymbolic 

theorem proving.



AI for Mathematics

Formalization can be used to:

● verify correctness

● build reference libraries

● search for results

● support collaboration

● teach mathematics

● explore and discover new mathematics

● support uses of automated reasoning and 

AI



AI for Mathematics

Symbolic methods include:

● SAT solvers

● First-order theorem 

provers

● Constraint solvers

● SMT solvers

● Computer-algebra 

systems



AI for Mathematics

Machine learning includes:

● Data mining and pattern 

detection

● Reinforcement learning

● Evolutionary search

● PINNs

● Use of coding agents

● Formal and informal 

proving agents



AI for Mathematics

Neurosymbolic theorem proving brings 

together LLMs, formalization, and symbolic 

automation.

One can ask for ordinary (informal) proofs, 

formal proofs, or both.

Google DeepMind’s AlphaProof and 

AlphaGeometry performed at the level of a 

silver medalist on problems from the 2024 

International Mathematics Olympiad.



Ancient History

As recently as January, I was saying the following in talks:

● AI has not had a substantial impact on mathematics.

● Nonetheless, there have been some striking results.

● These show that the technology is promising.

● AI will have an impact on mathematics in the long term.

● Mathematicians should learn about the technologies and play a role in their 

development.

Moral: Be careful what you ask for.



Recent Events



Recent Events

On February 5, 2026, eleven 

mathematicians posed benchmark 

research problems as part of the First 

Proof project.

By the time the solutions were posted 

on February 13, Google DeepMind and 

OpenAI had claimed surprisingly good 

performance using internal models.



Recent Events

On February 23, an AI startup, 

Math Inc., announced that its 

proprietary proving agent had 

completed the formalization 

of a proof of the optimality of 

the E8 sphere

packing, building on a 

blueprint, library, and partial 

formalization by

Hariharan et al.



Recent Events

On May 20, OpenAI announced that an 

internal model had disproved the Unit 

Distance Conjecture, settling a 

longstanding problem in combinatorics.

The proof was subsequently formalized 

in Lean, again using AI.



Recent Events

On June 2, a group of authors released the 

Leiden Declaration, building on 

discussions from a meeting on the 

Mechanization and Mathematical 

Research at the Lorentz Center in 

September 2025. 



Recent Events

More AI-generated results appeared, 

including 

● resolutions of Gromov's conjecture 

on sofic groups, 

● the Jacobian conjecture in three or 

more dimensions, 

● and the Hopf conjecture on complex 

structures on S6, 

more often than not, accompanied by 

Lean formalizations.



Recent Events

On July 19, Anthropic’s Fable 

disproved the Jacobean Conjecture 

for three dimensions and higher, 

during the World Cup final.



Recent Events

On July 23, Jacob Tsimerman was one of four 

mathematicians to be awarded a Fields Medal at 

this year’s International Congress of 

Mathematicians.

The same day, the New York Times announced 

that he was leaving mathematics to work on AI 

safety.



Recent Events

The next day, Terence Tao 

gave a plenary lecture, 

“Mathematics in the Age 

of AI.”

There was a panel on the 

topic one day later, 

moderated by Emily Reihl.



Recent Events

On September 4, Anthropic announced that 

Claude had formalized a proof of Fermat’s 

Last Theorem over a period of 11 days.

Kevin Buzzard’s project to formalize it 

(taking some background theorems as 

axioms) is still ongoing.



Recent Events

On September 8, OpenAI constructed a 

solution to the Navier-Stokes equations 

that exhibits finite-time blowup.

This (apparently) solves a Clay Millenium 

Prize problem.



Recent Events

Tristan Buckmaster, an expert in PDEs, 
had been making steady progress using 

the same strategy.

He worked with Levent Alpöge 
(Anthropic) and various AI models.

The incident raised several concerns.

Buckmaster was careful to credit Diego 

Córdoba and Luis Martínez-Zoroa for the 
strategy.



Recent Events

On October 6, Open AI released a 

repository with 722 manuscripts for 372 

problems, 235 of which have a Lean 

formalization (possibly partial).

Claimed results include 

● the quasi-Riemann hypothesis, 

● Hilbert's tenth problem over ℚ, and 

● Rokhlin’s problem on multiple mixing.



Recent Events

The mathematics community is still 
digesting the results.

Kevin Buzzard recently analyzed reactions 

to AI in terms of the five stages of grief.

Still, there are also glimmers of optimism 
and enthusiasm.

Nobody seems to doubt that this is a 

watershed moment for mathematics.



Mathematicians’ 
Responses



Mathematicians’ Responses

Proofs and Prompts was launched in 

August as “communal blog for 

mathematicians’ thoughts on how AI 

is changing what it means to do 

mathematics, from PhD students and 

professors, skeptics and enthusiasts 

alike.”

There have been more than 85 

contributions to date.



Mathematicians’ Responses

A few days before the OpenAI announcement, 

Terence Tao provided context on Mathstadon.

He also noted that the lessons learned along the 

way are more important that the solution itself, 

and that AI-generated solutions disincentivizes 

exploration.



Mathematicians’ Responses

On September 11, 25 Fields 

Medalists issued a statement 

warning of a “severe 

misalignment of AI in 

mathematics.”

More than 8,000 people have 

endorsed it to date.



Mathematicians’ Responses

Tao has shared several guest 

posts on his blog.



Mathematicians’ Responses

On September 17-18, Harvard’s CMSA 

hosted a Summit on PhD Math 

Education in the Age of AI.

A week later, the group of 24 

mathematicians produced an 8-page 

report with recommendations.



Mathematicians’ Responses

Mathematics Departments, 

Journal Editorial Boards, and 

Professional Societies have held 

emergency meetings, instituted 

policies, and issued statements.



Mathematicians’ Responses

An increasing percentage 

of arXiv submissions in 

mathematics report 

substantial use of AI.

arXiv imposed a two-

paper per month rate 

limit.



The Future of 
Mathematics



The Future

Immediate disruption:

● What should mathematics look like going forward?

● What does a working mathematician do on a day-to-day basis (especially students 

and early-career researchers)?

● How do we assess work (especially for students and early-career researchers)?

● How should we train our students?

● What should we tell our students?

● How much should we spend on AI subscriptions?

● How do we deal with the flood of journal submissions?



The Future

I won’t address these questions here.

I am confident that mathematics will 

continue to thrive and will emerge even 

stronger than before.

I will try to explain why.



The Future

A narrow view of what mathematicians do: 

● we try to solve problems;

● when the hard problems are too hard to solve, 

● we make up easier approximations, 

● solve them, 

● and then vary the parameters. 

This is the practice that has been disrupted by the events of the last few months.



The Future

History offers a broader view: mathematics is a culture of rigorous reasoning and 

communication, providing us with language and abstractions that let us think and 

communicate more reliably and efficiently. 

It is the exercise of capacities that are so fundamental to our survival as a species that 

they are wired into our DNA. 

Mathematical thought isn’t going away any time soon.



The Future

The challenge: solving the kinds of problems we have been solving is decoupled from 

the goal of enhancing our mathematical understanding, given AI. 

The question, therefore, isn’t whether we still need mathematics, but rather how to 

pursue mathematical understanding in the age of AI. 

I will provide three general answers.



Solve Harder Problems

There are two salient features of today’s foundation models: 

● they have seen the entire mathematical literature, 

● they are tireless; a swarm of agents can make its way to a solution by trying 

countless variations. 

The AI-generated solutions to open problems all have a similar character: they are 

problems that AI could solve by cobbling together available techniques. 

(I am grateful to Matthew Ballard for this characterization, and the subsequent 

analysis.)



Solve Harder Problems

Can every interesting mathematical question be answered that way? 

Probably not, and even questions that can may have more interesting and satisfying 

solutions that invoke novel ideas and insights. 

Reinforcement-learning training regimes have systems chain conventional moves and 

learn, from a history of failures and successes, which ones are most promising in a given 

state. 



Solve Harder Problems

The fact that the value of an action is graded solely in terms of the success of a final 

trajectory breeds superhuman cleverness but may miss creativity and higher-level 

strategizing. 

In any case, there are still hard questions to be solved and ambitious research programs 

to pursue, and the possibility of making progress on them with the help of AI is exciting.



Think Bigger Thoughts

In 1853, the young Bernhard Riemann submitted three potential topics to his advisor, 

Carl Friedrich Gauss, to choose from for his Habilitationsvortrag, a lecture he was 

required to give to secure a teaching position at the University of Göttingen. 

Gauss reportedly chose the topic for which Riemann was least prepared, to see what he 

would make of it. 



Think Bigger Thoughts

The resulting lecture, “On the Hypotheses Which Lie at the Foundations of Geometry,” 

was published posthumously in 1868, and it revolutionized the field. 

The lecture distinguished a space’s metric properties from its topological properties and 

introduced the general notion of a manifold, though the latter did not receive a fully 

rigorous treatment until the twentieth century. 



Think Bigger Thoughts

The focus on intrinsic properties of a space—in Riemannian geometry, those 

determined by the metric and independent of embedding in a larger space—was key to 

Einstein’s theory of general relativity decades later. 

Riemannian geometry has had applications that Riemann himself could never have 

imagined, from robotics and medical imaging to statistical analysis.

From the point of reinforcement learning:

● The benefits of Riemann’s decisions are diffuse and hard to isolate.

● The time horizon is huge.



Think Bigger Thoughts

Will AI eventually be able to make advances like these? 

That’s not even the right question to ask. 

We should care about AI only insofar as the results are interesting and important to us, 

and, at the end of the day, it’s up to us to decide what that means. 

The values we assign to mathematical developments are embedded in our history and 

culture.



Think Bigger Thoughts

Imagine planning a trip to go backpacking in the Alaskan wilderness for exercise and 

recreation. 

You might be happy to let AI help book your flight, but not to let AI take the hike for you 

and send you pictures. 

In mathematics, what is at stake isn’t our recreation but agency over our reasoning and 

deliberation. 



Think Bigger Thoughts

Whether or not AI can think, it can’t think for us. 

We have our own lives to live; mathematics is our story to tell, and it’s up to us to 

decide how to tell it. 

With AI, there’s even more to explore, and no shortage of avenues for discovery.



Try New Things

The technologies themselves raise new questions, and that we have a lot to learn about 

how to use them effectively.

This requires mathematicians to give up fixed notions of what it means to “do 

mathematics.”

The notion has been constantly changing.



The Role of 
Research in AI



Keep Mathematicians in Mind

Two goals of experimentation:

● Basic science: develop methods and understand mechanisms

● Deliverables: develop tools for users.

Both are important!



Develop More Efficient, Scalable Approaches

Some reasoning is best done at the level of natural language.

Other things are better done symbolically: calculating, checking correctness.

Better neurosymbolic combinations will get us further, with less cost and less 

environmental damage.



Focus on User Interaction

You have coding (largely) solved; now help programmers come up with the right 

specifications.

You have proving (largely) solved; now help mathematicians reason, explore, and 

discover.

Alignment involves going from

● performing tasks to

● helping people think about what they want and how to get it. 



Collaborate with Mathematicians

Warning:

● We are spacy.

● We are opinionated and, at times, arrogant.

● We do mathematics because we want to.

● There are lots of things we don’t care about.

● We don’t care about citations.

● We don’t care what people think.

● We don’t believe in deadlines.

Try it. You might like it.
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