Or: Can a machine help us formulate a theorem?



1956: Logic Theorist searches for proofs

Celebrating AAAI's 25th

Herbert Simon (left) in a chess =

match against Allen Newell ¢, 1958

» The achievement Find proofs of theorems (a la Principia Mathematica)
» The idea Guide the search using mathematical rules of thumb

» | The next question Could a machine also suggest what to prove?



1960s—-1980s: mathematical knowledge as rules

FIGURE 1: Concepts Initially Given to AM FIGURE 2: Concepis Discovevei by AM
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» A central idea Represent knowledge by symbols and explicit rules
» The ambition Automate the search for concepts and conjectures

» For example AM explores elementary number theory using heuristics



1990s-2000s: cooperating specialist tools

A Sample Otter Proof
‘Theorem: A Robbins algebra satisfying x+x=x is a Boolean algebra.
Here is Otter's proof in Son of BirdBrain's format:
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» | The approach Combine conjecturing with automated reasoning
» The challenge Identify useful statements among the many candidates

> HR builds and tests theories about finite groups




2010-2022: learning patterns and search strategies

From: Constructions in combinatorics via neural networks

Figure 3: The evolution of the best construction over time. The network quickly realizes
that sparse graphs are best, and eventually the “balanced double star” structure emerges.

> - Large datasets, neural networks and reinforcement learning

» The hope Learn which mathematical patterns and choices matter

> - Neural networks help guide a new knot theory theorem




2023 onwards: language models in the research workflow
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When each head calculates, according toits &

own criteria, how much other tokens are
relevant for the "it_" token, note that the second
attention head, represented by the second
column, is focusing most on the first two rows,
i.e. the tokens "The" and "animal’, while the
third column i focusing most on the bottom two
rows, i.e. on "tired", which has been tokenized
into two tokens. %]

» The ambition Use one model across conjecturing, coding and proof attempts

» The method Connect its suggestions to computation and verification

> - AlphaEvolve searches for new mathematical constructions



Next time: Condensed mathematics



