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How far will we go? How fast?



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Science?Millennium 
prize age



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Science?

Davies, A., Veličković, P., Buesing, L., 
Blackwell, S., Zheng, D., Tomašev, N., ... & 
Kohli, P. (2021). Advancing mathematics by 

guiding human intuition with 
AI. Nature, 600(7887), 70-74.

Dec 2021

Millennium 
prize age



Ages of AI math

Davies, A., Veličković, P., Buesing, L., 
Blackwell, S., Zheng, D., Tomašev, N., ... & 
Kohli, P. (2021). Advancing mathematics by 

guiding human intuition with 
AI. Nature, 600(7887), 70-74.

Romera-Paredes, B., Barekatain, M., Novikov, 
A., Balog, M., Kumar, M. P., Dupont, E., ... & 
Fawzi, A. (2024). Mathematical discoveries 
from program search with large language 

models. Nature, 625(7995), 468-475.

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Science?

Dec 2021

Millennium 
prize age



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Millennium 
prize age Science?

Dec 2021 Jan 2024

Trinh, T. H., Wu, Y., Le, Q. V., He, H., & 
Luong, T. (2024). Solving olympiad geometry 

without human 
demonstrations. Nature, 625(7995), 476-482.



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Millennium 
prize age Science?

Dec 2021 Dec 2025Jan 2024



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Millennium 
prize age Science?

Dec 2021 Dec 2025 Feb 2026Jan 2024



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Millennium 
prize age Science?

Dec 2021 Dec 2025 Feb 2026

You are here

Jan 2024



Ages of AI math

IMO 
age

Machine 
learning 

age

Erdos 
age

First 
proof 
age

Fields 
medal 
age

Millennium 
prize age Science?

Dec 2021 Dec 2025 Feb 2026

You are here

Jan 2024

Largely “hammer and chisel” 
efforts. Humans are a 
backstop/bottleneck. 



McLarty, C., Gray, J., & 
Parshall, K. (2007). The 
rising sea: Grothendieck 
on simplicity and 
generality. Episodes in 
the history of modern 
algebra (1800–
1950), 32, 301-325.
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Formal verification languages offer a potential solution…

But still requires extensive human work.



If the future of mathematics is automatic formalization…

• Automatically review papers for correctness

• Enable every mathematician to work more efficiently and effectively

• Facilitate dynamic synthesis of literatures and new forms of metamathematics

• Broaden the possibilities of who can contribute to mathematics

• Provide access to and training in pure mathematics to those without

There are significant challenges remain to be overcome.



Four challenges for large-scale autoformalization:

• Challenge 1: Is the formalization the same? 

• Challenge 2: Mind the (informal-formal) gap

• Challenge 3: Ensuring the proof proves

• Challenge 4: Informalization

All are about minimizing human effort for formalization.



Gowers, W. T., Green, B., Manners, F., & Tao, T. (2023). On a 
conjecture of Marton. arXiv preprint arXiv:2311.05762. 





Even if an amazing advance in collaboration, the cost is prohibitive.

Imagine the cost of rolling out this effort across the math literature….



Amazing progress toward autoformalization in 2025…

But human checked/corrected translations, manually elaborated proof…

Prime number theorem and beyond project… Completed by autoformalization



Math, Inc Harmonic
Logical 

Intelligence Axiom

Amazing progress toward autoformalization in 2025…



Amazing progress in 2025…



Plug for my DARPA Exponentiating Mathematics (expMath) program…

Publicly announcing teams imminently. 

Contact me if you want to receive updates, join events, etc. 



Four challenges for large-scale autoformalization:

• Challenge 1: Is the formalization the same? 

• Challenge 2: Mind the (informal-formal) gap

• Challenge 3: Ensuring the proof proves

• Challenge 4: Informalization

All are about minimizing human effort for formalization.



Challenge 1: Is the formalization the same? 



Formal-informal alignment

Existing literature: alignment of implications

Future literature: Need to ensure formalized math has informal counterpart

For a node high in the graph, derive formal implications. Compare those 
formal implications to informally stated implications.

For a node low in the graph, may not have informal comparison. Would 
need to informalize and backward chain argument. (See challenge 4)



Thm 1.3

39 total def and lemmas

(Only 19 in the whole paper, 
not including equations)

Informal math: 
- Omits information considered unnecessary 
- Organizes information to prioritize important

Challenge 2: Filling in the gaps 



Curriculum for progress toward gap filling: 

Progressive missing value prediction



Challenge 3: Ensuring the proof proves 



Challenge 4: Informalization

Formalized proofs contain more information than humans deemed necessary. 
How to effectively translate results from code to human useable form?
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If the future of mathematics is automatic formalization…

• Automatically review papers for correctness

• Enable every mathematician to work more efficiently and effectively

• Facilitate dynamic synthesis of literatures and new forms of metamathematics

• Broaden the possibilities of who can contribute to mathematics

• Provide access to pure and training in pure mathematics to those without access

There are significant challenges remain to be overcome.
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Three example cases of formalization in science: 

• Example 1: Computer science (programming)


• Example 2: Quantum computing / information


• Example 3: Behavioral science

(Many others: material science, chemistry, biology, etc)

Elon’s world: direct to machine code

Natural language math as a 
declarative programming language



Three example cases of formalization in science: 

• Example 1: Computer science (programming)


• Example 2: Quantum computing / information


• Example 3: Behavioral science

(Many others: material science, chemistry, biology, etc)

Domain is amenable. Discussion of an effort at 
formalization.





Three example cases of formalization in science: 

• Example 1: Computer science (programming)


• Example 2: Quantum computing / information


• Example 3: Behavioral science

(Many others: material science, chemistry, biology, etc)

Domain is not amenable. Not totally clear what to 
formalize, given the limited state of theory.  

One candidate is formalization of preregistration? 

Despite obvious challenges, biggest potential win 
here.
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