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Motivation: Worst-case guarantees for ML

ÅModel ╟Ᵽ has 99% accuracy on benchmarks for a task ╣

ÅYou have an input ●, for which the model generates ◐Ḑ╟Ᵽ●

ÅShould you trust that ◐ is correct?
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Proof

What if ╟Ᵽ could 
output a proof that 
◐ is correct?
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Setting

Å Ⱨ = distribution over inputs ●.

Å ╥ = an efficient and sound verification algorithm

Å ╟Ᵽ = sequence-to-sequence model with parameters Ᵽᶰᴙ▀

Definition (Self-Provability): ╟Ᵽ is ♫-self-proving w.r.t. ╥ȟⱧ if

    ἜἺ╟Ᵽ ŎƻƴǾƛƴŎŜǎ ╥ ǘƻ ŀŎŎŜǇǘ ◐ ♫   for ●ḐⱧ, ◐Ḑ╟Ᵽ●

For ●ḐⱧ, ἜἺ╟Ᵽ ƻǳǘǇǳǘǎ ŎƻǊǊŜŎǘ ◐ ♪.

Self-Provability + Soundness ᵼ Standard accuracy (w.r.t Ⱨ):



Outline

Self-Proving 
models

Related 
literature

Learning to 
Prove/Verify

Safety

Interpretability

Verifier-in-the-
loop

Results

Future 
directions



Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

╥

Self-Proving Model

╟

◐

Ᵽ

Related literature



Related literature

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

Self-Proving Model

╟

◐

Ᵽ

Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)



Related literature

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

Self-Proving Model

╟

◐

Ᵽ

Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύΦ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)



Related literature

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

Self-Proving Model

╟

◐

Ᵽ

Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)



Related literature

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

Self-Proving Model

╟

◐

Ᵽ

Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)



Related literature

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

Self-Proving Model

╟

◐

Ᵽ

Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)



Related literature

Verification 
Algorithm

●

╪

▲

╪╡

▲╡

accept/reject

Self-Proving Model

╟

◐

Ᵽ

Å[ŜŀǊƴƛƴƎ ǘƻ tǊƻǾŜΧ
ÅΧ ƛƴ /ƻǉ όDǊŀƴǎŘŜƴ Ŝǘ ŀƭΦΣ нлмрύ
ÅΧ ƛƴ Metamath (Polu and Sutskever, 2020)
ÅΧ ƛƴ [Ŝŀƴ ό¸ŀƴƎ Ŝǘ ŀƭΦΣ нлноύ
ÅΧ ƛƴ ǎȅƴǘƘŜǘƛŎ ƎŜƻƳŜǘǊȅ ό¢ǊƛƴƘ Ŝǘ ŀƭΦΣ нлнпύ
ÅΧ ƛƴ [Ŝŀƴ  (DeepMind, 2024)

ÅLearning to Verify
ÅPV Games (Anil et al., 2021)
ÅNeural Interactive Proofs (Hammond & Adam-Day, 

2024)

ÅSafety and alignment
ÅDebate Systems for AI Safety (Irving et al., 2017)
ÅDoubly-efficient debates for scalable AI safety (Brown-

Cohen et al., 2024)

ÅInterpretability
ÅMA Classifiers (Wäldchen et al., 2024)
ÅPV Games for legibility (Hendrick et al., 2024)

ÅVerifier in-the-loop
ÅFunSearch (Romera-Paredes et al., 2024)

Self-Proving models: prove correctness

via an Interactive Proof system

IP: Weak Verifier vs. powerful yet untrusted Prover (Goldwasser et al., 1985)

IP=PSPACE (Shamir, 1990)
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Order Ą9ѼÉ 9ѼÉĄ
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╥ⱶ first Yes! Yes!

╟Ᵽȟ╥ⱶ  simul. No Yes!
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