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Artificial Intelligence

theorem sqrt2_not_rational: "sqrt 2 ¢ Q"

01 Introduction 02 Minilang o = et
"x € Q"
A bottleneck in Neural Theorem Proving is the gap between NL Minilang (below) preserves declarative structures and  then obtain m n :: nat where
removes tactics and expert features from Isar (right) "“|?x] =m / n" and "coprime m n"

and FL. Training/Finetuning (SFT, RL) pushes LMs closer to PAs

while our approach redesign FLs to approach LMs by (rule Rats_abs_nat_div_natE)

hence "m*2 = ?x*2 * n*2"
by (auto simp add: power?2_eq_square)
hence eq: "m*2 = 2 x n*2"

theorem sqrt2_not_rational: "v2 ¢ Q"
RULE proof_by_contradiction
CONSIDER "Jmn. [V2]| = m/n A coprime m n" END
HAVE "m*2 = (¥/2)*2 * n*2" END

SFT,RL, ---

- T

using of_nat_eq_iff power2_eq_square by force

Language Models e .
suag Formal Languages HAVE eq: "m*2 = 2 x n”?2" END hence "2 dvd m*2" by simp
Enelish. Pvth of Proof Assistants HAVE "> dvd m" END A '
nglish, Python ... | | ave vd n
f\__/ HAVE "2 dvd n' from "2 dvd m" obtain k where "m = 2 x k" ..
Our Approach CONSIDER k where "m = 2 % k" END with eq have "2 * n*2 = 272 * k*2" by simp

HAVE "2 * n*2 = 272 % k*2" END WITH eq
HAVE "2 dvd n*2" END

END

HAVE "2 dvd gcd m n" END

hence "2 dvd n*2" by simp

Redesigning Proof Languages
thus "2 dvd n" by simp

with "2 dvd m" have "2 dvd gcd m n"

Tradition Minilang HAVE "2 dvd 1" END by (rule gcd_greatest)
END with lowest_terms have "2 dvd 1" by simp
thus False using odd_one by blast
F ancy SYHtaX Elaborated Minilang restricts its (core) language constructs:

HAVE decomposing a proof goal into step-by-step subgoals.

Many Exten e Minimalist CONSIDER,  analyzing a p?oof goal by cases, e.g., consider the cases where x is positive,

Zero, or negative.

CONSIDER3 binding variables to the witnesses of existential statements, e.g., consider a

number p such that p is a prime greater than 2025.

Precise Control ~ High Level Spec

Proof operations commonly found in informal proofs

RULE proving a goal by a specific mode of argument, e.g., arguing by contradiction
E 3 for a given goal, and deriving A — B and B — A to show A «—— B.
E fﬁClenCy Exg)errts ; kr lendly Ifl(z/fs CHOOSE proviig an %Xistential staten%ent by providing a witness.
SIMPLIFY equivalently rewriting the proof goal into a simpler form.
CASE_SPLIT  applying structural case analysis to the goal.
INDUCT applying induction to the goal.
END WITH ps indicates that the target proof goal straightforwardly follows from the given

03 Translation & Experiments

premises ps.
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