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Examples

"Explain quantum computing in
simple terms" -

"Got any creative ideas for a10
year old’s birthday?" -

"How do | make an HTTP request
in Javascript?" -

ChatGPT

%

Capabilities

Remembers what user said
earlier in the conversation

Allows user to provide follow-up
corrections

Trained to decline inappropriate
requests

AN

Limitations

May occasionally generate
incorrect information

May occasionally produce
harmful instructions or biased
content

Limited knowledge of world and
events after 2021

Free Research Preview. ChatGPT may produce inaccurate information about people, places, or facts. ChatGPT May 24 Version

Question: For every a, b, b # a prove that

a? + b2 - (a—l—b)Q.

2 2

Model output:
a? —i—b2 a+b 2
2 > ( 2 )

2 2 2 2
— a“+b a“+b“+2ab
2 > 4

2 2

> 2a® + 2b® > a® + b° + 2ab
<= a® +b* > 2ab

= a’ +b>—2ab>0

< (a—b)* >0

which i1s true, because the square of a real
number 1s positive.

Minerva Language Model
2022 Poland National Math Exam

[Lewkowycz et al 2022]



INnput text ~ OQutput text

Goal: perform useful
Mmathematical tasks



Viathematical tasks
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-ormal theorem proving

1+1="2
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THEOREM PROVER
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Lemma one_plus_one_equals_two:




-ormal theorem proving

proof -
have "1 + 1 = Suc (0 + 1)" by simp

also have "... = Suc 1" by simp
prOOf ".ua = 2" by simp
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Small data can have a large impact

(General
web data Expirt cata

>1.4 tnllion tokens



Case StUdy MII’]IFQF IZheng et al 2022]

General | ean MiniF2F
Web data \
>1.4 trillion tokens ~10K

tokens



Case study: MiniF2F

. 488 competition problems MINIF2F: A CROSS-SYSTEM BENCHMARK FOR
FORMAL OLYMPIAD-LEVEL MATHEMATICS

Kunhao Zheng Jesse Michael Han
Ecole Polytechnique Op.enAI.
kunhao.zheng@polytechnique.edu University of Pittsburgh

jessemichaelhan@openai.com

Stanislas Polu

e 4 proof assistants OpenAl

spolul@openai.com

ICLR 2022



Driver of progress in neural theorem proving
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Zhao et al 2023
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Wu et al 2022
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12.5




Case study: Draft, Sketch, Prove
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Draft, Sketch, Prove: Guiding Formal Theorem Provers with Informal Proofs
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Sketch

~
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Jiang®, Welleck®, Zhou*, Li, Liu, Jamnik, Lacroix, Wu, Lample. ICLR 2023
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i MiniF2F + 488 informal (Latex) proofs
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https://github.com/facebookresearch/miniF2F

Formal
FProoft



https://github.com/facebookresearch/miniF2F
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Challenge: broadening scope

Generality

Competition
Problems

Background
Knowledge



Generality

Competition
Problems

Background
Knowledge

ProofNet: Autoformalizing and Formally Proving
Undergraduate-Level Mathematics

Zhangir Azerbayev Bartosz Piotrowski
Yale College* University of Warsaw™*
zhangir.azerbayev@yale.edu bartoszpiotrowski@post.pl
Hailey Schoelkopf Edward W. Ayers
EleutherAl, Yale College Carnegie Mellon University
hailey.schoelkopf@yale.edu contact@edayers.com
Dragomir Radev Jeremy Avigad
Yale University Carnegie Mellon University
dragomir.radev@yale.edu avigad@cmu.edu




New frontlers

Expand problems & domains CQ Interdisciplinary collaboration




Hard to
evaluate

\Informal Formal




Show that for any Chat-GPT

real number a, .
10a < 28a? + 1

Informal Formal



@ This statement is false for some values of “a".

Chat-GPT

“This statement is false”



This statement is false for some values of “a".

Chat-GPT

For example, if "a = -0.17, then:

10a = -1

28a"2 +1=28(-01N)*2+1=28*0.01+1=0.29

“And _“ > 0.29” And -1 > 0.29°, which contradicts the inequality.
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expert

evaluation

\Informal




Case study: NaturalProver

INnformal
Theorem (Latex)

Proot

Dataset: 10,000 informal proots from ProofWiki

NaturalProver: Grounded Mathematical Proof Generation with Language Models.
Welleck™, Liu*, Lu, Hajishirzi, Choi. NeurlPS 2022


https://proofwiki.org/wiki/Definition:Integer_Addition
https://proofwiki.org/wiki/Definition:Finite_Set
https://proofwiki.org/wiki/Definition:Even_Integer
https://proofwiki.org/wiki/Definition:Even_Integer
https://proofwiki.org/wiki/Principle_of_Mathematical_Induction

T heorem

Next step

FProof-so-far



Next step
Correct ¥ ==




Next step
Correct ¥ €

15 UW Math & Applied Math
Undergrad/Masters/PhD students

IRB-approved study



Next step

Correct ¥ €
Useful ™%




Next step

Correct ¥ €
Useful ™%

Frrors— Equation s ¥
Definition ™ ¥
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- 8,400 annotated proof steps




- Capable of correct and useful next-step suggestions
- Derivations, long proofs...

N\



Expert evaluation today (Axiv, June 2023):

Evaluating Language Models for Mathematics through Interactions®

Katherine M. Collins', Albert Q. Jiang'!,
Simon Frieder?, Lionel Wong®, Miri Zilka', Umang Bhatt!*, Thomas Lukasiewicz®?,
Yuhuai Wu®, Joshua B. Tenenbaum?®, William Hart!, Timothy Gowers”!, Wenda Li’,
Adrian Weller*4, and Mateja Jamnik*!



Hard to
evaluate

Easler to
evaluate




Case study: Lila benchmark

Unifies 20 math datasets g P b\ h
Grade School Math FODIEIT)

Linear algebra >—<

Competition problems p Py’[hoﬂ
. program

é ANSwer ; /

https://huggingtace.co/datasets/allenal/lila



https://huggingface.co/datasets/allenai/lila

New frontlers

INnteraction

Improvement
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Viath-LIVl: open-source Al+mathematics

- 50B+ token technical corpus
+ | rpu 50B.

- Model suite and evaluation harness tokens

- Ongoing project:
https://github.com/EleutherAl/math-Im

Led by Zhangir Azerbayev
+ collaborators from many institutions!

@ EleutherAl



https://github.com/EleutherAI/math-lm

sSummary

Small data, Expert evaluation

large Impact & Interaction Open data



Summary

Small data, Expert evaluation

large Impact & Interaction Open data

- Incoming Assistant Professor, Jan. 2024
Carnegie

Carnegie Mellon University Mellon

School of Computer Science
L anguage lechnologies Institute

University




