This is a preliminary list of resources for those looking to get into the field of Al for Math, put
together as part of the Al to Assist Mathematical Reasoning workshop (the official workshop
proceedings can be found in the link here). It is not complete, but hopefully once distributed, it
can continue to grow.

Please feel free to add comments or suggestions to this document. To add comments or
suggestions (or to correct any existing text) you may either use the "comment" feature of Google
Docs, or you may type directly into the document in a suggestion mode. Everyone who views
this should have comment/suggestion access. We will review and approve suggestions.

Thank you to everyone who has contributed so far!
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https://www.nationalacademies.org/event/06-12-2023/ai-to-assist-mathematical-reasoning-a-workshop
https://nap.nationalacademies.org/catalog/27241/artificial-intelligence-to-assist-mathematical-reasoning-proceedings-of-a-workshop

Education

Here are some educational materials that may be useful for folks interested in this space.

Textbooks and Survey Papers

e Formal Proof

o O O O O O O

Software Foundations series

Certified Programming with Dependent Types (Coq, 2013)

QED at Large: A Survey of Engineering of Formally Verified Software (2020)
AMS Special Issue on Formal Proof (2008)

Concrete Semantics (Isabelle 2014)

Mathematics in Lean (Lean, Jeremy Avigad and Patrick Massot, in progress)
Logic and Mechanized Reasoning (Lean, Jeremy Avigad, Marijn Heule and
Wojciech Nawrocki, in progress)

Theorem Proving in Lean 4 (Lean, Jeremy Avigad, Leonardo de Moura, Soonho
Kong and Sebastian Ullrich)

Logic and Mechanized Reasoning (Lean, CaDiCal, Z3, Vampire; Avigad, Heule,
Nawrocki, 2021)

The Mechanics of Proof (Lean, Heather Macbeth, 2023)

Mathematical Components book (Coq, Mahboubi & Tassi, 2022).

Han k of Practical Logic and Automated R ning (OCaml, John Harrison,
2009, code and resources)

e Machine Learning / Deep Learning

o O O O O ©O

Grokking Deep Learning (2019)

Neurosymbolic Programming (2021)

Automatically Correcting Large Language Models (2023)
Deep Learning (2016)

Probabilistic Machine Learning: An Introduction (reference) (2022)
Understanding Deep Learning (2024)

e Machine Learning for Formal Proof

o

A Survey on Deep Learning for Theorem Proving (2024)

Wikis and Glossaries

e Programming Languages

o

1lab for homotopy type theory (https://homotopytypetheory.org/)

e Mathematics

O

O O O O

MathGloss (https://mathgloss.qgithub.io/MathGloss/database)

nLab (https://ncatlab.org/nlab/show/HomePage)

Error Correction Zoo (https://errorcorrectionzoo.org/)

Parmesan (http://www.j llard.com/parmesan2/) concepts in Cat Theory
Mathworld (https:/mathworld.wolfram.com/)



https://softwarefoundations.cis.upenn.edu/
http://adam.chlipala.net/cpdt/
https://arxiv.org/abs/2003.06458
http://www.ams.org/notices/200811/200811FullIssue.pdf
http://concrete-semantics.org/
https://leanprover-community.github.io/mathematics_in_lean/
https://avigad.github.io/lamr/
https://leanprover.github.io/theorem_proving_in_lean4/
https://avigad.github.io/lamr/
https://hrmacbeth.github.io/math2001
https://math-comp.github.io/mcb/
https://www.cambridge.org/core/books/handbook-of-practical-logic-and-automated-reasoning/EB6396296813CB562987E8C37AC4520D
https://www.cl.cam.ac.uk/~jrh13/atp/
https://www.manning.com/books/grokking-deep-learning
https://www.cs.utexas.edu/~swarat/pubs/PGL-049-Plain.pdf
https://arxiv.org/abs/2308.03188
https://www.deeplearningbook.org/
https://probml.github.io/pml-book/
https://udlbook.github.io/udlbook/
https://arxiv.org/abs/2404.09939
https://1lab.dev/
https://homotopytypetheory.org/
https://mathgloss.github.io/MathGloss/database
https://ncatlab.org/nlab/show/HomePage
https://errorcorrectionzoo.org/
http://www.jacobcollard.com/parmesan2/
https://mathworld.wolfram.com/

Tutorials

Formal Proof
Natural Number Game (Lean)

Homotopy Type Theory Game (Cubical Agda)
Isabelle/HOL tutorial

HOL 4 tutorials and guidebooks
Lean for the Curious Mathematician workshop materials and recordings: 2020,
2022, 2023, 2024
Learning Lean community webpage
Terry Tao's Lean phrasebook
A publicly editable list of formalized concepts in Lean (additions greatly welcome)
List of Lean tactics
Machine Learning for Formal Proof
o A tutorial on neural theorem proving by Sean Welleck
o NeurlPS Tutorial on Machine Learning for Theorem Proving by Emily First, Albert
Jiang, and Kaiyu Yang
Machine Learning

o Numerical Methods for Deep Learning (lecture slides updated 2021).

o O O O O

o O O O

Course Materials

Proof Automation by Talia Ringer

Formalising Mathematics by Kevin Buzzard
Machine Learning by Andrew Ng

Machine Learning for the Working Mathematician seminar in Sydney
Software Foundations course at Penn

Programming language foundations in Agda by Philip Wadler

Lean for teaching stream on the Lean Zulip and courses webpage
Real Analysis (in French) by Patrick Massot

The Hitchhiker’s Guide to Logical Verification by Anne Baanen et al
The Concrete Semantics by Nipkow and Klein

Introduction to Homotopy Type Theory by Egbert Rijke
HoTTEST summer school - covers homotopy type theory and formalization in Agda

Blogs, Opinion Pieces, and Personal Experiences

Mathematics and the Formal Turn (survey paper by Avigad)
Why formalize mathematics? (survey paper by Massot)
QED Manifesto (manifesto, 1994) (2014 follow-up)

Is deep learning a useful tool for the pure mathematician?, Williamson

A volume of the Bulletin of the American Mathematical Society dedicated to Al, formal
proof, and mathematics (first of a two-volume series 2024).

Embracing change and resetting expectations, Tao



https://www.ma.imperial.ac.uk/~buzzard/xena/natural_number_game/
https://thehottgameguide.readthedocs.io/en/latest/index.html
https://isabelle.in.tum.de/doc/tutorial.pdf
https://hol-theorem-prover.org/#where-to-start
https://leanprover-community.github.io/lftcm2020/
https://icerm.brown.edu/topical_workshops/tw-22-lean/
https://lftcm2023.github.io/tutorial
https://conferences.cirm-math.fr/2970.html
https://leanprover-community.github.io/learn.html
https://docs.google.com/spreadsheets/d/1Gsn5al4hlpNc_xKoXdU6XGmMyLiX4q-LFesFVsMlANo/edit
https://docs.google.com/spreadsheets/d/1ap8ByJDvXw9c1G629UxRRoag3gTcMpPsRpm3_yCINyo/edit#gid=0
https://github.com/haruhisa-enomoto/mathlib4-all-tactics/blob/main/all-tactics.md
https://github.com/wellecks/ntptutorial
https://machine-learning-for-theorem-proving.github.io/
https://github.com/IPAIopen/NumDL-CourseNotes
https://dependenttyp.es/classes/598fa2022.html
https://github.com/ImperialCollegeLondon/formalising-mathematics-2023
https://www.coursera.org/specializations/machine-learning-introduction?
https://sites.google.com/view/mlwm-seminar-2022
https://www.seas.upenn.edu/~cis5000/cis5000-f22/index.html
https://plfa.github.io
https://leanprover.zulipchat.com/#narrow/stream/187764-Lean-for-teaching
https://leanprover-community.github.io/courses
https://github.com/PatrickMassot/MDD154/tree/master/src
https://raw.githubusercontent.com/lean-forward/logical_verification_2024/main/hitchhikers_guide_2024_tablet.pdf
http://concrete-semantics.org/
https://github.com/EgbertRijke/HoTT-Intro
https://www.math.uwo.ca/faculty/kapulkin/seminars/hottest_summer_school_2022.html
https://www.andrew.cmu.edu/user/avigad/Papers/formal_turn.pdf
https://www.imo.universite-paris-saclay.fr/~patrick.massot/files/exposition/why_formalize.pdf
https://www.cse.chalmers.se/research/group/logic/TypesSS05/Extra/wiedijk_2.pdf
http://www.jsoftware.us/vol11/185-ID55.pdf
https://arxiv.org/abs/2304.12602
https://www.ams.org/journals/bull/2024-61-02/
https://unlocked.microsoft.com/ai-anthology/terence-tao/

Machine assisted proof, Tao
Formalising Mathematics — in Praxis; A Mathematician’s First Experiences with

Isabelle/HOL and the Why and How of Getting Started, Koutsoukou-Argyraki
Formalization and Automated Reasoning: A Personal and Historical Perspective, John
Harrison, 2023

Collaboration

This is a highly collaborative intersection of fields, so it is very helpful to know where to connect
with people who may have complementary expertise, experience, or interests.

Forums

Lean Zulip: A discussion medium for the community around the Lean proof assistant
(including an active stream on “Machine Learning for Theorem Proving”).

Coq Zulip: A discussion medium for the community around the Coqg proof assistant.
EleutherAl Discord: A discussion medium for an open source Al community centered
around the open source Al nonprofit EleutherAl. There is a channel specifically for
#ai-for-math. Fantastic for forming collaborations. In dire need of more active
involvement from academics.

Neurosymbolic Al Slack for discussing the intersection of neural and symbolic methods
for machine learning (theorem proving and math are domains of interest)

Univalent Agda Discord for the community around Cubical Agda

Isabelle Zulip for the community around the |sabelle proof assistant

HoTT Zulip for the community around Homotopy Type Theory

Proof Assistant Stack Exchange
Code4Math

Tools and Repositories

A non-exhaustive list of tools that may be useful for getting started in this space.

ML Frameworks

PyTorch
Tensorflow

JAX

MindSpore

PaddlePadd|

HuggingFace & — Tokenizers, Transformers and other frameworks
Weights & Biases for experiment tracking



https://terrytao.files.wordpress.com/2024/03/machine-assisted-proof-notices.pdf
https://www.repository.cam.ac.uk/items/aee2069c-2162-4a3c-99c3-7dd1bd8fa7a9
https://www.repository.cam.ac.uk/items/aee2069c-2162-4a3c-99c3-7dd1bd8fa7a9
https://www.youtube.com/watch?v=AaE1mV27XxA
https://leanprover.zulipchat.com/
https://leanprover.zulipchat.com/#narrow/stream/219941-Machine-Learning-for-Theorem-Proving
https://coq.zulipchat.com/
https://discord.gg/zBGx3azzUn
https://www.eleuther.ai/
https://join.slack.com/t/neurosymbolic-group/shared_invite/zt-1knnejnlz-gmeNX4arICkXJh7bJakfng
https://discord.gg/J7A9ud9mnx
https://agda.readthedocs.io/en/v2.6.0/language/cubical.html
https://isabelle.zulipchat.com/
https://isabelle.in.tum.de/
https://hott.zulipchat.com/
https://homotopytypetheory.org/
https://proofassistants.stackexchange.com/
https://code4math.org/
https://pytorch.org/
https://www.tensorflow.org/
https://github.com/google/jax
https://www.mindspore.cn/
https://www.paddlepaddle.org.cn/en
https://huggingface.co/docs
https://wandb.ai/site/

Proof Assistants

One promising direction of research in Al for Math is combining Al-based automation with
machine-checkable proof. Here is a non-exhaustive list of tools that can be used for writing
machine-checkable proofs, in no particular order:

e |lea

-]

o O O O

O O O O

o

Active community of mathematicians
Has an especially rich mathematical library: Mathlib
Strong automation with mathematicians in mind
Foundations:
m Dependent type theory (Calculus of Inductive Constructions)
m Constructive, but common to use classical axioms (and automation does
by default these days)
Common to assume functional extensionality and get proper quotients
Proof irrelevant
Intensional
m Explicit proof objects
Search engines: Loogle, Moogle, LeanSearch, Search Mathlib, LeanSearchClient
Package registry: Reservoir
Lean playground
Lean blueprint (a software for coordinating Lean formalization projects)

m Pietro Monticone: Getting Started with Blueprint-Driven Formalization
Projects in Lean (video)

e LeanProject template repository
e Zulip discussion

Most math development in Coq happens in MathComp (most famously, the
formal proof of the Four Color Theorem and the formal proof of the Odd Order
Theorem)
Coqg-platform, a very large maintained library of formal proofs
There is also UniMath and (https://github.com/HoTT/Cog-HoTT), an outgrowth of
Voevodsky’s foundations library that is still maintained by an active community
Strong automation
Foundations:

m Dependent type theory (Calculus of Inductive Constructions)
Constructive, but compatible with classical axioms
Possible to assume functional extensionality and get proper quotients
Agnostic about proof relevance
Intensional
Explicit proof objects
isCoq: try Coq in your web browser

e |[sabelle

o

Rich, massive archive: Archive of Formal Proofs



https://leanprover.github.io/
https://leanprover-community.github.io/
https://github.com/leanprover-community/mathlib
https://loogle.lean-lang.org/
https://moogle-morphlabs.vercel.app/
https://leansearch.net/
https://huggingface.co/spaces/dx2102/search-mathlib
https://github.com/leanprover-community/LeanSearchClient
https://reservoir.lean-lang.org/
https://live.lean-lang.org/
https://github.com/pitmonticone/LeanProject
https://www.youtube.com/watch?v=KyuyTsLgkMY
https://www.youtube.com/watch?v=KyuyTsLgkMY
https://github.com/pitmonticone/LeanProject
https://leanprover.zulipchat.com/#narrow/stream/113488-general/topic/Tutorial.3A.20Getting.20Started.20with.20Blueprint-Driven.20Projects/near/456633811
https://coq.inria.fr/
https://math-comp.github.io/
https://www.ams.org/notices/200811/tx081101382p.pdf
https://www.ams.org/notices/200811/tx081101382p.pdf
https://link.springer.com/chapter/10.1007/978-3-642-39634-2_14
https://link.springer.com/chapter/10.1007/978-3-642-39634-2_14
https://github.com/coq/platform
https://github.com/UniMath/UniMath
https://github.com/HoTT/Coq-HoTT
https://github.com/vladimirias/Foundations
https://coq.vercel.app/
https://isabelle.in.tum.de/
https://www.isa-afp.org/

o Still best-in-class support for structured proofs with many features to aid
readability and reduce the gap to “paper proofs”
o Strong automation
m Sledgehammer is still the most powerful “hammer” interfacing a very wide
range of automatic first-order provers and using ML algorithms internally

o Foundations:

m Simply-Typed Lambda Calculus-based
m Several logical systems to choose from
m Isabelle/HOL (the most widely used) is a classical, higher-order logic

Isabelle/HOL's developers and users are somewhat proud it
doesn’t have Dependent Types. Some researchers conjectured
that Dependent Types are necessary to formalize modern
mathematics as long as most mathematical structures are indexed
by values. Bordg, Paulson and Li set out to disprove this
conjecture through the formalization of Grothendieck's Schemes
without Dependent Types in Isabelle/HOL
(https://www.tandfonline.com/doi/full/10.1080/10586458.2022.206
2073).

The paper also features a discussion of Isabelle/HOL schemes
(no relation to Grothendieck) which are kind of more powerful
Type Classes and could be very handy for structuring formal math
libraries.

m Isabelle/ZF implements ZF set theory
m Ephemeral proof objects
o Search engine: SErAPIS Isabelle Search, FindFacts

e HOL4

o Foundations:

m Logic-based
m Classical, higher-order logic
m LCF-style

e HOL Light

o Foundations:

m Logic-based
m Classical, higher-order logic
m LCF-style

e Agda

o There is a rich univalent mathematical library Unimath here
o Automation is minimal

o Foundations:

m Dependent type theory (Calculus of Inductive Constructions)
m Constructive, but compatible with classical axioms

m Agnostic about proof relevance

m Intensional


https://www.tandfonline.com/doi/full/10.1080/10586458.2022.2062073
https://www.tandfonline.com/doi/full/10.1080/10586458.2022.2062073
https://behemoth.cl.cam.ac.uk/search/
https://search.isabelle.in.tum.de/
https://hol-theorem-prover.org/
https://www.cl.cam.ac.uk/~jrh13/hol-light/
https://wiki.portal.chalmers.se/agda/pmwiki.php
https://unimath.github.io/agda-unimath/

m Explicit proof objects
e Cubical Agda
o Good for topology and homotopy theory, and for reasoning about how different
proofs relate to each other
o Has an absolutely beautiful and powerful notion of equality corresponding exactly

to topological paths

Automation is extremely minimal

Can take a ton of expertise to get comfortable using at all

Foundations:

m Dependent type theory (Homotopy Type Theory, specifically Cubical)

Univalent
Constructive
Proof relevant (at higher h-levels)
Has native functional extensionality and quotient types
Intensional
Explicit proof objects
e Other proof assistants or languages for verification
Nuprl
red* family of proof assistants
E*
Twelf
SasylLF
Metamath
Mizar
PVS
ACL2
ProofPower
Dafny
Boogie

o O O 0O 0O 0O O O O O O O

Constraint Solvers & Automatic Theorem Provers

CVC5 SMT Solver

Vampire Theorem Prover

E Theorem prover

Z3 SMT Solver

Rosette language for building tools that use constraint solvers
Eqq library for reasoning about equalities

Computational Mathematics Tools

e CoCalc (https://cocalc.com/, with access to ChatGPT assistance)
e CoCoa (https://cocoa.dima.unige.it/cocoal)
e CGSuite (https://www.cgsuite.org/)



https://agda.readthedocs.io/en/v2.6.0/language/cubical.html
https://nuprl.org/
https://redprl.org/
https://www.fstar-lang.org
http://twelf.org/wiki/Main_Page
https://www.cs.cmu.edu/~aldrich/SASyLF/
https://us.metamath.org/
http://mizar.org/
https://pvs.csl.sri.com/
https://www.cs.utexas.edu/users/moore/acl2/
http://www.lemma-one.com/ProofPower/index/
https://dafny.org/
https://github.com/boogie-org/boogie
https://cvc5.github.io/
https://vprover.github.io/
https://wwwlehre.dhbw-stuttgart.de/~sschulz/E/E.html
https://github.com/Z3Prover/z3
https://emina.github.io/rosette/
https://egraphs-good.github.io/
https://cocalc.com/
https://cocoa.dima.unige.it/cocoa/
https://www.cgsuite.org/

Fermat (https://home.bway.net/lewis/)
FLINT (https:/flintlib.org/) (includes Arb, Antic, and Calcium)

GAP (https://www.gap-system.org/)
Julia (https://www.julialang.org/)

Macaulay2 (https://macaulay2.com/)

Magma (https://magma.maths.usyd.edu.au/)
Mathematica (https://www.wolfram.com/mathematica/)
Maple (https://www.maplesoft.com )

MATLAB (https://www.mathworks.com/)

Maxima (https://maxima.sourceforge.io/)

Mathics (https://mathics.ora/)
GNU Octave (https://octave.org/)

OSCAR (https://www.oscar-system.org/about/)

PARI/GP (https://pari.math.u-bordeaux.fr/)

Polymake (https://polymake.org/doku.php/start)

REDUCE (https://reduce-algebra.sourceforge.io/)

SageMath (https://sagemath.org/)

SymPy (https://www.sympy.org)

SciLab (https://www.scilab.org/)

Singular (https://www.singular.uni-kl.de/index.php.html)

The CompuTop.org Software Archive (https://nmd.web.illinois.edu/computop/)
WolframAlpha (https://www.wolframalpha.com/)

Wolfram System Modeler (https://www.wolfram.com/system-modeler/)
Desmos (https://www.desmos.com/calculator)

Geogebra (https://www.geogebra.org/)
Yacas (https://qithub.com/grzegorzmazur/yacas)

Mathematics Databases

MathBases — index of mathematical databases (https://mathbases.ora/)

PolyDB (https://db.polymake.org/)

L-functions and Modular Forms Database (https://www.Imfdb.ora/)

ATLAS of Finite Group Representations, Atlas of Lie Groups and Representations,
Groupprops

Projective Planes of Small Order

The online database of Vertex Operator Algebras and Modular Categories

Catalogue of Lattices, Database of sphere packings, record tables, Packomania
Error Correction Zoo

OEIS, Inverse Symbolic Calculator
DLMF

Fungrim

Mathematical Equations - EqWorld
factordb.com

elliptic multiple zeta values datamine



https://home.bway.net/lewis/
https://flintlib.org/
https://arblib.org/
https://github.com/flintlib/antic
https://fredrikj.net/calcium/
https://www.gap-system.org/
https://www.julialang.org/
https://macaulay2.com/
https://magma.maths.usyd.edu.au/
https://www.wolfram.com/mathematica/
https://www.maplesoft.com
https://www.mathworks.com/
https://maxima.sourceforge.io/
https://mathics.org/
https://octave.org/
https://www.oscar-system.org/about/
https://pari.math.u-bordeaux.fr/
https://polymake.org/doku.php/start
https://reduce-algebra.sourceforge.io/
https://sagemath.org/
https://www.sympy.org
https://www.scilab.org/
https://www.singular.uni-kl.de/index.php.html
https://nmd.web.illinois.edu/computop/
https://www.wolframalpha.com/
https://www.wolfram.com/system-modeler/
https://www.desmos.com/calculator
https://www.geogebra.org/
https://github.com/grzegorzmazur/yacas
https://mathbases.org/
https://db.polymake.org/
https://www.lmfdb.org/
https://brauer.maths.qmul.ac.uk/Atlas/v3/
http://www.liegroups.org/
https://groupprops.subwiki.org/
https://ericmoorhouse.org/pub/planes/
https://www.math.ksu.edu/~gerald/voas/
http://www.math.rwth-aachen.de/~Gabriele.Nebe/LATTICES/index.html
https://codes.se/packings/
https://cohn.mit.edu/data
http://www.packomania.com/
https://errorcorrectionzoo.org/
https://oeis.org/?language=dutch
https://wayback.cecm.sfu.ca/projects/ISC/ISCmain.html
https://dlmf.nist.gov/
https://fungrim.org/
https://eqworld.ipmnet.ru/
http://factordb.com/
https://tools.aei.mpg.de/emzv/datamine.html

Polynomials with Small Mahler Measure
House of Graphs

m-Base, Topospaces
Knotlnfo / Linkinfo, Knot Atlas

Fanography, Calabi Yau data, Graded Ring Database

Cantor's Attic, Googology Wiki, Reverse Mathematics Zoo, Forking and Dividing,
Consequences of the Axiom of Choice

Complexity Zoo

LifeWiki (conwaylife.com) / Catagolue

The Mathematics Genealogy Project (nodak.edu
tal f Mathematical Dataset

KnotFolio

Graph curvature

Erich's Packing Center
Auslander-Reiten quiver for representation-finite gentle algebra

Cayley Graph
some other interactive databases

Mathematical Search Engines

https://www.searchonmath.com/
https://approach0.xyz/search/

Integrated Al for Math Tools

LeanDojo (and also LeanCopilot) for Lean

Proofster web tool for Coq, and corresponding plugin
limstep: LLM proofstep suggestions in Lean

PISA (Portal for Isabelle)

AlphaGeometry
FunSearch

Datasets and Benchmarks

Note that many of the below can be used as training data or as evaluation benchmarks. Some
come with a standard training/test split, and some do not. Regardless, care should be taken to
ensure that test data does not pollute the training dataset whenever you are building any kind of
tool, otherwise your results will not be valid. It is also worth noting that HuggingFace stores a lot
of public datasets and benchmark suites, and so it is always good to look there as well.

Training Datasets
o OpenWebMath


http://wayback.cecm.sfu.ca/~mjm/Lehmer/search/
https://houseofgraphs.org/
https://topology.pi-base.org/
https://topospaces.subwiki.org/wiki/Main_Page
https://knotinfo.math.indiana.edu/
http://katlas.org/wiki/Main_Page
https://www.fanography.info/
http://hep.itp.tuwien.ac.at/~kreuzer/CY/
http://www.grdb.co.uk/
https://neugierde.github.io/cantors-attic/
https://googology.fandom.com/wiki/Googology_Wiki
https://rmzoo.math.uconn.edu/diagrams/
https://github.com/ioannad/jeffrey
https://complexityzoo.net/Complexity_Zoo
https://conwaylife.com/wiki/
https://catagolue.hatsya.com/statistics
https://www.genealogy.math.ndsu.nodak.edu/
https://mathdb.mathhub.info/
https://knotfol.io/
https://www.mas.ncl.ac.uk/graph-curvature/
https://erich-friedman.github.io/packing/index.html
https://www.math.uni-bielefeld.de/~jgeuenich/string-applet/
https://juliapoo.github.io/Cayley-Graph-Plotting/
https://ramified.github.io/web/main/recommend.html
https://www.searchonmath.com/
https://leandojo.org/
https://github.com/lean-dojo/LeanCopilot
https://proofster.cs.umass.edu/
https://github.com/agrarpan/coq-synthesis
https://github.com/wellecks/llmstep
https://github.com/albertqjiang/Portal-to-ISAbelle
https://github.com/google-deepmind/alphageometry
https://github.com/google-deepmind/funsearch
https://huggingface.co/
https://huggingface.co/datasets/open-web-math/open-web-math

O 0O O O O 0O O O O

The Pile (not entirely math but contains a large math subset that can be
independently downloaded). This dataset has an associated paper and
datasheet.
ProofPile
MetaMath
MPTP
REPLICA small atomic edit dataset for Coq
PRISM Proof Repair dataset for Coq (larger releases coming)
Isabelle Parallel Corpus (aligned natural and formal proof data)
MLEME: Data Sets for Machine Learning for Mathematical Formalization
List of parts of the French curriculum that have been formalized in Lean’s mathlib
Math Olympiad problem data sets
m  AIMO list of resources (see also this discussion)
m External problem set of 25K problems
m A Dataset for The Global Artificial Intelligence Championship Math 2024
(AGI Odyssey)
m Compfiles: Catalog Of Math Problems Formalized In Lean

e Libraries of formalized proofs

©)
O

o

O

o

Mizar Mathematical Library
Isabelle Archive of Formal Proofs
IMC ) in Isabell

IMO solutions in Lean
PutnamBench

e Evaluation Benchmarks

o O O 0O 0O 0O o O 0 O O

MATH

GSM8K

Some components of MMLU

CogGym for Coq

LeanDojo for Lean

ProofNet autoformalization benchmark

Math Olympiad benchmarks: miniF2F, OlympiadBench

ARC Abstraction & Reasoning Corpus

ARB Advanced Reasoning Benchmark for Large Language Models
GHOSTS

“Evaluating Language Models for Mathematics through Interactions”, Collins et
al.

Language Models and Chatbots

Note: it is common for Al tools to be labeled as “open” or “open source” when they are
downloadable by people outside the hosting institution. These often have substantial use-based
or distribution restrictions that violate the norms of open source software. In this section we use
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http://pile.eleuther.ai
https://arxiv.org/abs/2101.00027
https://arxiv.org/abs/2201.07311
https://huggingface.co/datasets/hoskinson-center/proof-pile
https://meta-math.github.io/
https://link.springer.com/article/10.1007/s10817-013-9286-5
https://dependenttyp.es/pdf/analytics.pdf
https://zenodo.org/record/7935207
https://behemoth.cl.cam.ac.uk/ipc/
https://arxiv.org/abs/2310.16005
https://leanprover-community.github.io/undergrad.html
https://aimoprize.com/updates/2024-02-19-resources.md
https://www.kaggle.com/competitions/ai-mathematical-olympiad-prize/discussion/488264
https://www.kaggle.com/datasets/alejopaullier/aimo-external-dataset
https://github.com/protagolabs/odyssey-math/tree/main
https://dwrensha.github.io/compfiles/
http://mizar.org/library/
https://www.isa-afp.org/
https://github.com/filipmaric/IMO
https://github.com/dwrensha/compfiles
https://github.com/trishullab/PutnamBench
https://arxiv.org/abs/2103.03874
https://huggingface.co/datasets/gsm8k
https://paperswithcode.com/dataset/mmlu
https://github.com/princeton-vl/CoqGym
https://leandojo.org/
https://github.com/zhangir-azerbayev/ProofNet/
https://github.com/facebookresearch/miniF2F
https://github.com/OpenBMB/OlympiadBench
https://lab42.global/arc/
https://arb.duckai.org/
https://arxiv.org/abs/2301.13867
https://arxiv.org/abs/2306.01694

the words “free and open source” in accordance with the OSI definition. For models labeled as
“publicly available,” make sure to read the licenses carefully before making assumptions about
permissible use.

General Purpose Models

e Free and Open Source

o

o

Open Data
m GPT-J-6B
m GPT-NeoX-20B

m Pythia models (8 models ranging from 70M through 13B)

m Scispace
Limited or Non-Open Data

m Falcon
m Mistral 7B

e Publicly Available

o

o O O O O

@]
O

o

LLaMA 1
LLaMA 2 (7B, 14B, and 70B)

LLaMA 3

Code LLaMA
Falcon-180B
BLOOM (multilingual

DBRX

More can be found on the HuggingFace leaderboard

e Gated by Public API

o

o

o

o

PaLM
GPT-3.5
GPT-4
Claude Haiku

e Private

o

o

Chinchilla
Gopher

Mathematics Models

e Free and Open Source

O

Open Data
m Llema

e Publicly Available

O O O

o

WizardMath
MetaMath
MathGLM
Abel
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https://huggingface.co/EleutherAI/gpt-j-6b
https://github.com/EleutherAI/gpt-neox
https://github.com/EleutherAI/pythia
https://typeset.io
https://huggingface.co/blog/falcon#the-falcon-models
https://mistral.ai/news/announcing-mistral-7b/
https://ai.meta.com/blog/large-language-model-llama-meta-ai/
https://huggingface.co/meta-llama
https://llama.meta.com/llama3/
https://about.fb.com/news/2023/08/code-llama-ai-for-coding/
https://huggingface.co/tiiuae/falcon-180B
https://bigscience.huggingface.co/blog/bloom
https://huggingface.co/CohereForAI/c4ai-command-r-plus
https://huggingface.co/collections/databricks/dbrx-6601c0852a0cdd3c59f71962
https://huggingface.co/spaces/HuggingFaceH4/open_llm_leaderboard
https://developers.generativeai.google/
https://platform.openai.com/docs/models/gpt-3-5
https://platform.openai.com/docs/models/gpt-4
https://www.anthropic.com/api
https://arxiv.org/abs/2203.15556
https://www.deepmind.com/blog/language-modelling-at-scale-gopher-ethical-considerations-and-retrieval
https://github.com/EleutherAI/math-lm
https://twitter.com/WizardLM_AI/status/1692163468219330778
https://meta-math.github.io/
https://github.com/THUDM/MathGLM#readme
https://github.com/GAIR-NLP/abel?tab=readme-ov-file#leaderboard-for-mathematical-reasoning

o

o

InternLM-Math

NuminaMath-7B-TIR

Math olympiad problem solver demo

o Skywork-Math
Gated by Public API

o

Private
(@]

GPT-3.5 and GPT-4 with Wolfram Alpha Plug-In

Minerva (fine-tuned for math specifically)

ML for Formal Proof Models

Free and Open Source

o

Proverbot9001
CogGym/ASTactic

o O O O

o TacTok

LeanDojo/ReProver

Passport

Diva

Uncategorized
o TacticToe
o Tactician

Private
(@]

Chatbots

Free and Open Source
Falcon-Instruct-7B

o

Baldur

o

Falcon-Instruct-40B

Publicly Available

o

LLaMA 2/LLaMa 3 Chat

o Stable Beluga 2

o

Falcon-Chat-180B

Gated by Public API
o Gemini (formerly Bard)

o

Math OCR

https://mathpix.com/

ChatGPT

https://simpletex.cn/ai/latex_ocr
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https://github.com/InternLM/InternLM-Math
https://huggingface.co/AI-MO/NuminaMath-7B-TIR
https://huggingface.co/spaces/AI-MO/math-olympiad-solver
https://arxiv.org/abs/2407.08348
https://www.wolfram.com/wolfram-plugin-chatgpt/
https://blog.research.google/2022/06/minerva-solving-quantitative-reasoning.html?m=1
https://proverbot9001.ucsd.edu/
https://github.com/princeton-vl/CoqGym
https://github.com/lean-dojo/ReProver
https://huggingface.co/tiiuae/falcon-7b-instruct
https://huggingface.co/tiiuae/falcon-40b-instruct
https://www.llama2.ai/
https://huggingface.co/stabilityai/StableBeluga2
https://huggingface.co/tiiuae/falcon-180B-chat
https://gemini.google.com/
https://chat.openai.com/
https://mathpix.com/
https://simpletex.cn/ai/latex_ocr

Nougat (facebookresearch.github.io) the META library OCR for extracting formulas and
tables from pdf papers the library is licensed with MIT license and the code can be used
and the paper is quite explanatory.

Pix2Text (https://github.com/breezedeus/pix2text)

Research

Research that is published in this space and where to find it.

Meta-Bibliography

Some bibliographies listing relevant work in this area:

Paper list - Deep Learning for Theorem Proving (DL4TP)
Paper list - Deep Learning for Mathematical Reasoning (DL4MATH)

Advancing mathematics by guiding human intuition with Al.

NeurlPS 2023 Tutorial on Machine Learning for Theorem Proving (TBA
Paper list - Machine Learning for Theorem Proving

Talia’s list of ml-for-proofs papers

Mathlib’s references.bib

Is deep learning a useful tool for the pure mathematician?, Geordie Williamson

Large Language Models for Mathematicians, Frieder et al.
Proof engineering bibliography from QED at Lar 201

Haocheng Jiu’s Al4Math bibliography

Venues

These are venues where work in Al for Math or related areas may be found.

Al for Math
o AITP
o NeurlPS Al for Math Workshop (3rd Workshop, Dec 15, 2023)
o 2022 Fields Medal Symposium: Akshay Venkatesh (Oct 17-19, 2022)
o |PAM Machine Assisted Proofs (Feb 13-17, 2023)
o Al to Assist Mathematical Reasoning: A Workshop (Jun 12-14, 2023)
o Dagstuhl 23401 on Automated Mathematics (Oct 01 — Oct 06, 2023)
o Hausdorff Trimester "Prospects of formal mathematics" (May 06, 2024 - August

16, 2024)
o National Academies Al To Assist Mathematical Reasoning Workshop (June 12th
- June 14th, 2023)
m Followup webinar

m Second followup webinar (on formal proofs)
o CICM
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https://facebookresearch.github.io/nougat/
https://github.com/breezedeus/pix2text
https://github.com/zhaoyu-li/DL4TP
https://github.com/lupantech/dl4math
https://www.nature.com/articles/s41586-021-04086-x
https://machine-learning-for-theorem-proving.github.io/
https://github.com/yangky11/machine-learning-for-theorem-proving
https://github.com/tlringer/ml-for-proofs
https://github.com/leanprover-community/mathlib4/blob/master/docs/references.bib
https://arxiv.org/abs/2304.12602
https://arxiv.org/abs/2312.04556
https://github.com/proofengineering/proofengineering-bib/blob/master/proof-engineering.bib
https://github.com/j991222/ai4math-papers
http://aitp-conference.org/
https://mathai2023.github.io/
http://www.fields.utoronto.ca/activities/22-23/fieldsmedalsym
https://www.ipam.ucla.edu/programs/workshops/machine-assisted-proofs/?tab=schedule
https://www.nationalacademies.org/event/06-12-2023/ai-to-assist-mathematical-reasoning-a-workshop
https://www.dagstuhl.de/en/seminars/seminar-calendar/seminar-details/23401
https://www.him.uni-bonn.de/programs/future-programs/future-trimester-programs/prospects-of-formal-mathematics/description/
https://www.nationalacademies.org/our-work/ai-to-assist-mathematical-reasoning-a-workshop
https://www.nationalacademies.org/event/40903_09-2023_artificial-intelligence-to-assist-mathematical-reasoning-webinar
https://www.nationalacademies.org/event/42507_04-2024_artificial-intelligence-to-assist-mathematical-reasoning-webinar-on-the-development-of-proof-assistants
https://cicm-conference.org/cicm.php

o

o

ICML 2024 Al for Math Workshop (Jul 26, 2024)

Formal Proof and Constraint Solving

o

o O O O

CPP
ITP
CAV
Lean-related conferences and events
Journals
m Journal of Automated Reasoning
m Formalized Mathematics
[ ] rnal of Formalized R nin
m Annals of Formalized Mathematics

Programming Languages and Software Engineering

o

o 0O O O O O

o

PLDI

OPLSS (Summer School)

Artificial Intelligence and Machine Learning

O 0 O O 0O O O O

o

NeurlPS

=
o [=

—
<
[
py)

-
<
—
.0

>
>

oE|
> [0

EEE Tran ions on P rn_Analysis and Machine Intelligen

Mathematics

o

O
@)
O

Joint Mathematics Meetings (JMM) [every yvear in January]
MathSciNet, zbMATH
SIAM meetings
Mathematics Institutes, including those supported by NSF DMS, (Workshops,
Schools, Long Programs)
m  SLMATH (formerly MSRI) (https://www.slmath.org)
ICERM (https://icerm.brown.edu/)

BIRS (https://www.birs.ca)
IPAM (https://www.ipam.ucla.edu)
AIM (aimath.org)

IMSI (https://www.imsi.institute/)
Fields Institute (http://www.fields.utoronto.ca/)
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https://sites.google.com/view/ai4mathworkshopicml2024
https://popl24.sigplan.org/series/CPP
https://itp-conference.github.io/
http://i-cav.org/
https://leanprover-community.github.io/events.html
https://www.springer.com/journal/10817
http://mizar.org/fm/
https://jfr.unibo.it/
https://afm.episciences.org/
https://www.sigplan.org/Conferences/PLDI/
https://www.sigplan.org/Conferences/POPL/
https://www.sigplan.org/Conferences/ICFP/
https://www.sigplan.org/Conferences/SPLASH/
https://dl.acm.org/journal/toplas
http://www.icse-conferences.org/
https://www.esec-fse.org/
https://www.cs.uoregon.edu/research/summerschool
https://nips.cc/
https://icml.cc/
https://iclr.cc/
https://jmlr.org/tmlr/
https://jmlr.org/
https://aaai.org/
https://www.jair.org/index.php/jair
https://www.ijcai.org/
https://www.computer.org/csdl/journal/tp
https://www.jointmathematicsmeetings.org//jmm
https://mathscinet.ams.org/mathscinet/publications-search
https://zbmath.org/
https://www.siam.org/conferences/calendar
https://www.mathinstitutes.org
https://www.slmath.org
https://icerm.brown.edu/
https://www.birs.ca
https://www.ipam.ucla.edu
https://aimath.org/
https://www.imsi.institute/
http://www.fields.utoronto.ca/

m |AS (https://www.ias.edu)
m  MFO (https://www.mfo.de/)
m  MPIM (https://www.mpim-bonn.mpg.de/)
m  CMI (https://www.claymath.org/)
m CRM (https://www.crm.umontreal.ca/en/)
m  Newton Institute (https://www.newton.ac.uk/)
General
o Nature
o PNAS
o Science

Incentive Structures

Some incentive structures that only some of these fields do, but that are very useful for this kind
of work, especially when it comes to large collaborations, building practical tools, and
formalizing proofs. Maybe these will be useful to other communities.

Artifact evaluation committees
o Itis common to post artifacts on Zenodo
ICSE tool track
RA Hirin Tenur idelin
Experience Reports at ICFP
Proof Pearls at ITP

The Al Mathematical Olympiad (AIMO) challenge

o Progress Prize 1

NSF Funding Opportunity: Artificial Intelligence, Formal Methods. and Mathematical
Reasoning (AIMing)

NAIRR Pilot Resource Requests to Advance Al Research

15


https://www.ias.edu
https://www.mfo.de/
https://www.mpim-bonn.mpg.de/
https://www.claymath.org/
https://www.crm.umontreal.ca/en/
https://www.newton.ac.uk/
https://www.nature.com/
https://www.pnas.org/
https://www.science.org/journal/science
https://blog.sigplan.org/2019/08/28/a-checklist-manifesto-for-empirical-evaluation-a-preemptive-strike-against-a-replication-crisis-in-computer-science/
https://zenodo.org/
https://conf.researchr.org/track/icse-2023/icse-2023-demonstrations?
https://cra.org/resources/best-practice-memos/incentivizing-quality-and-impact-evaluating-scholarship-in-hiring-tenure-and-promotion/
https://icfp23.sigplan.org/track/icfp-2023-papers?#Call-for-Papers
https://mizar.uwb.edu.pl/ITP2023/cfp.html
https://aimoprize.com/
https://www.kaggle.com/competitions/ai-mathematical-olympiad-prize/overview
https://new.nsf.gov/funding/opportunities/artificial-intelligence-formal-methods
https://new.nsf.gov/funding/opportunities/artificial-intelligence-formal-methods
https://nairrpilot.org/opportunities/allocations

