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Institute 
Overview



NSF Mathematical Science Research Institutes

The NSF maintains seven MSRIs across 
the US.

● National resources to support the 
mathematics research community.

● Intended to be “first and foremost a 
service to the mathematical 
sciences community as a whole.”

● Hold meetings, workshops, summer 
schools.

● Support postdocs, collaborative 
visits.



Motivation

In 2023, a workshop by the National Academies for

Science, Engineering, and Medicine explored

the promise of these technologies and the challenges

that lie ahead.

The Institute for Computer-Aided Reasoning in

Mathematics is designed to meet the challenges.



Computer-aided reasoning in mathematics

New technologies:

● interactive theorem proving and 

formalization

● automated reasoning and symbolic AI

● machine learning and neural AI

These are, collectively, “AI for Mathematics.”

All three come together in neurosymbolic 

theorem proving.



Mission

The mission of the Institute for Computer-Aided Reasoning in Mathematics is to:

● empower mathematicians to take advantage of new technologies for mathematical 

reasoning and keep mathematics central to everything we do;

● unite mathematicians of all kinds, computer scientists, students, and researchers to 

achieve that goal; and

● ensure that mathematics and the new technologies are accessible to everyone.

AI and reasoning technology are important for mathematics.

More to the point, mathematics is important for AI.



Empowering mathematicians

We will maintain a staff of innovation engineers who will:

● help mathematicians learn to use the technologies

● answer questions and provide technical support

● maintain documentation, tools, infrastructure, and other community resources

● serve as liaisons to computer science and industry

● carry out essential tasks that academics don’t have time or incentives to do

● be community leaders in the use of technology

● gather resources and coordinate efforts.



Bringing us together

We will also provide:

● workshops

● summer schools

● collaborative visits

● an annual conference

These will build a community of students, researchers, mathematicians, computer 

scientists, engineers, and others to address the challenges together.

We need a combination of perspectives and expertise.



Improving access

AI and the digitization of mathematics can lead to greater democratization but can also 

lead to greater inequities.

A central goal of ICARM is to ensure that all communities have the resources they need to 

participate in mathematics and take advantage of the new technologies.

Our original proposal included a summer school for college students, a workshop for 

graduate students, and an after-school program for high school students to address this 

challenge head on.

This has been set aside in the pilot.



Summary

Conventional institute activities:

● Workshops
● Summer schools
● Conferences
● Postdocs

Novel institute activities:

● Innovation engineers (technical support)
● Curating resources (tutorials, tools, benchmarks, databases, documentation, etc.)

We hope to do more outreach one day.



Leadership and 
Staff



Leadership

● Director: Jeremy Avigad

● Associate Director: Matthew Ballard (University of South Carolina)

● Assistant Directors:
○ Marijn Heule (scientific activities)

○ Sean Welleck (scientific activities)

○ Prasad Tetali (operations)

○ Irina Gheorgiciuc (educational activities)

○ Michael Young (outreach)

○ Aris Winger (Georgia Gwinnett College, outreach)



Staff

Administrative assistance:

● Senior Administrative Coordinator: Jennifer Agnew

● Business Manager, Grants Manager: through the provost’s office

Innovation engineers:

● Blake Jackson

● David Renshaw

● Aayush Rajasekaran



Advisory 
Boards



Advisory boards

We have guidance and oversight from:

● A scientific advisory board: oversight of scientific direction and activities

● An educational advisory board: oversight of educational direction and activities

● A strategic advisory board: advice on administration, management, public relations, 

foundations, corporations

● University oversight board: fiscal and management oversight



Scientific Advisory Board

● Jennifer Balakrishnan, Professor, Department of Mathematics and Statistics, Boston 
University

● François Charton, Technical Staff, Axiom
● Johan Commelin, Director, Mathlib Initiative, and Assistant Professor, Department of 

Mathematics, Utrecht University
● Sébastien Gouëzel, Research Director, Centre national de la recherche scientifique 

(CNRS)
● Emily Riehl, Kelly Miller Professor of Mathematics, Johns Hopkins University
● Radmila Sazdanovic, Associate Professor, Department of Mathematics, North 

Carolina State University
● Adam Zsolt Wagner, Research Scientist, Google DeepMind



Educational Advisory Board

● Chris Sangwin, Professor of Mathematics Education, University of Edinburgh

● Keith Weber, Distinguished Professor and Chair, Department of Teaching and 

Learning, Rutgers



Strategic Advisory Board

● Tudor Achim, Co-Founder and CEO, Harmonic
● Leonardo de Moura, Senior Principal Applied Scientist, Automated Reasoning Group, 

Amazon Web Services; Chief Architect and Co-Founder, Lean Focused Research 
Organization

● Pushmeet Kohli, Vice President of Science and Strategic Initiatives, Google 
DeepMind

● Cindy Lawrence, Executive Director and CEO, National Museum of Mathematics
● Jason Rute, AI Scientist, Mistral AI
● Ravi Vakil, Robert Grimmett Professor of Mathematics, Stanford University and 

President, American Mathematical Society
● Melanie Matchett Wood, William Caspar Graustein Professor of Mathematics, 

Harvard University



Infrastructure 
and Space



Information technology

● Our web pages are at icarm.io.

● You can register, join a mailing list, 

propose a workshop or visit, etc.

● We have a semi-private Zulip social 

media server.

● Arjen van Lith and Marijn Heule 

designed our logos.



Space

We have space in the Collaborative Innovation 

Center:

● Offices for staff.

● Small meeting rooms.

● Common area.

● Workshop space for 35-40 people (in 

progress).

We will rely on campus space for larger meetings.





First-Year 
Meetings and 

Workshops



NSF AIMing PI meeting (April 2-3)

This was the first meeting of members of the NSF AI for Mathematical Reasoning (AIMing) 

grant program.

It was a 2-day meeting, with 35 participants.

It was a great first meeting: we learned how to

● Reserve an appropriate room

● Set up a hotel link

● Deal with caterers

● Handle other logistics



Milestones of Autonomous Mathematics Research (April 13-15)

● Organizers: 
○ Elliot Glazer
○ Alex Kontorovich 
○ Daniel Litt 
○ Jacob Tsimerman
○ Ravi Vakil

● Joint with Principia Labs, organized on short 
notice

● Held in San Francisco (PL sponsored it)
● 37 in-person participants, including corporate 

labs (but mostly mathematicians)

Glazer is coordinating with organizers to prepare a 
document that compiles the results of the 
discussion.



Algebraic Geometry and Machine Learning (June 22-26)

● Organizers:
○ Matt Baker (Professor, Mathematics, Georgia 

Tech)
○ Jennifer Balakrishnan (Professor, Mathematics, 

Boston University)
○ François Charton (Technical Staff, Axiom)
○ Amaury Hayat (professor, Mathematics, Ecole des 

Ponts)
○ Andrew Sutherland (Senior Research Scientist, 

Mathematics, MIT)

● Topic: use of machine learning for discovery 
in algebraic geometry

● 39 participants
● AIM-style project-based workshop
● Discussions about AI at the end





Summer School on Formalization of Mathematics (July 7-17)

● Organizers:
○ Bhavik Mehta (Postdoc, Mathematics, Imperial 

College)
○ Robert Lewis (Lecturer, Computer Science, 

Brown University)

● Topic: formalization of mathematics in 
Lean, metaprogramming

● 2 organizers, 37 students, 6 teaching 
assistants

● Has already resulted in two new pull 
requests to Mathlib

● Lectures + exercise sessions the first week
● Lectures + projects the second week



Offsite Events



Lean for PDEs (October 6-9, 2025)

Organizers:

● Remy Degenne

● Michael Rothgang

Gave a series of three 

lectures and 

collaborated during the 

week.



Joint Mathematics Meetings (January 4-7)

● Booth in the Exposition Hall

● Tutorial: finding combinatorial objects with SAT solvers

● ICARM recognzied in Geordie Williamson’s plenary talk (thousands in attendance)



Contributions to other meetings

● Assistance at AIM AI + Number Theory (David, Blake, May 27-30)

● AlphaEvolve talk / tutorial at Combinatorics at the Confluence (Adam Wagner, July 

22)

● “Mathematics in Lean” special session at the International Congress on 

Mathematical Software in Toronto (Matt, July 23).

● REUF at AIM (Jeremy, July 27-31)



First-Year 
Activities



IE activities

● Assistance with sphere packing formalization
● Creating matroid database
● Creating elliptic curve rank leaderboard
● Creating equational theories 677 database
● Help with JMM booth (including great videos)
● Help with AGML workshop
● Help with formalization summer school
● Help with SACNAS proposal
● Help with AI for math Aarhus
● Help with AI + Number Theory at AIM



Zulip

● Used internally for admin
● Used for advisory board 

discussion
● Used by meeting organizers
● Used by meeting participants
● Hosting public First Proof 

discussion
● Hosting public milestones 

discussion
● Hosting private expMath 

discussion









Publicity







Plans for the 
Second Year



Second-year meetings

● First Proof: Third Batch (October 8-9)
● Formalization for Physics (November 4-6)
● Formalization for Statistics (likely in the Spring)
● Matroids and Computation (likely in the Spring)
● Conference on Computer-Aided Reasoning (summer 2027)
● Bootcamp on AI and Algebraic Geometry (summer 2027)

Also:

● Several collaborative visits
● Visiting faculty member
● Postdoc
● Hopefully, a workshop on AI and mathematics education



Offsite events in the second year

● SACNAS tutorials (October 29 or so)
○ Part of a larger multicultural STEM conference.

● JMM tutorial (January 2027)
○ “Formalization, autoformalization, and you”



Prospective IE activities

● Continue helping to prepare workshops and summer schools.

● Create tutorials.

● Film lectures, create videos.

● We have been asked to take over LeanSearch.

● We could do similar things for various premise selection tools.

● François Charton suggested maintaining a Python machine-learning-for-math library.

● Create Zulip “tools” folder for help / discussion of specific tools.

● Create volunteer database to match volunteers with people who need them.

● Hold office hours?



Worrying about 
AI for 

Mathematics









Things to worry about

AI at large:

● Concerns about reliability, explainability, alignment, access
● Economic and social concerns

Keeping mathematics in the loop is part of the solution.

AI in mathematics:

● Changes to the discipline: what's left for us?
● Changes to the practice of mathematics
● Ceding mathematical research to big tech
● Access to resources for mathematicians
● Engagement in mathematics in the public at large



Anxiety over AI

Among mathematicians I have spoken to, reactions to AI range from strong optimism to 

strong pessimism.

Among students and early-career researchers, the distribution skews toward pessimism.

To those worried about their careers and their future, cheerful optimism about AI is even 

hurtful.



What is AI for 
Mathematics?



What is AI for mathematics?

Answer #1 (not my favorite):

● Using LLMs and foundational models to prove theorems.

Concerns:

● Anyone can do that; why do we need mathematicians?
● Foundation models are expensive; current subscriptions are subsidized to lock in users.
● Excessive computation damages the environment.
● Will mathematics become like a lab science, where practitioners need to raise money to get 

the best results?
● Will this restrict access to mathematics?
● Will LLMs replace the kind of deep thought and engagement that mathematics traditionally 

required? 
● Will the resulting mathematics have the same aesthetic appeal?



What is AI for mathematics?

Formalization and Proof Assistants

● Developing well-designed libraries and 
formal artifacts

● Developing automation
● Developing new tools and methods for 

collaboration
● Developing new means of interaction

Symbolic AI

● Using SAT solvers
● Using SMT solvers, constraint solvers
● Using first-order provers
● Developing optimization techniques

Machine learning

● Mining mathematical data
● Searching for mathematical objects of 

interest
● Using PINNs
● Developing optimization techniques
● Proving formal and informal theorems

Neurosymbolic methods

● Proving theorems
● Discovering patterns
● Finding mathematical objects
● Interpreting data



What is AI for mathematics?

It is not enough to think of mathematicians as consumers of AI. 

We need to contribute to the use of AI to solve theoretical and practical problems:

● New methods for using AI

● More efficient, scalable reasoning

● New applications

● Leveraging deep expertise and understanding



Thinking about mathematics and AI

Mathematics is part of the human experience.

● It’s beautiful.
● It’s useful.

The two can’t be separated.

AI is a technology. There is no sense to seeing us in competition with it.

The only questions are:

● How do we want to use it?
● How should we use it?



The value of mathematics

Since ancient times, we have developed beautifully creative ways to solve hard problems 

and carry out complex chains of reasoning with limited computational resources, namely, 

our minds.

It’s hard to believe that LLMs are the most efficient way to mechanize mathematical 

reasoning. 

Mathematicians can help us learn how to use AI more efficiently. 



The value of mathematics

We know how to 

● ask questions,
● come up with abstractions, 
● build theory, 
● explore concepts, and 
● push the boundaries of what we can understand. 

We are disciplined, and we have a culture of engaging with problems deeply and not 
letting them go.

We should be leaders in the use of AI, showing the world what AI can do and how it can 
do it.



Keeping mathematics strong

Challenge: Few mathematicians currently have expertise in AI beyond prompting 

ChatGPT.

Solutions:

● A new Journal of AI for Mathematical Discovery will incentivize and support work in 

the area.

● We need more workshops like this one. (Thank you KIAS.)

● We will do our best at ICARM. (Please propose a workshop, get involved.)

Most importantly, however…



Keeping mathematics strong

Those of us who are more settled in our careers need to work with students and 

early-career researchers to figure out what mathematics should be in the age of AI.

Key messages:

● We are committed to mathematics.

● We know that the future depends on you.

● We need to work together to face the challenges ahead.



Closing Thoughts

These are interesting times.

Let’s make the most of them.


