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indicates the scope of a single verification. All methods report false if any one of them finds an error.
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Background & Method
Automatic verification is a critical component in
building math-solving agents and reinforcement
learning. We argue that the primary bottleneck of
verification lies in error detection capability, and
proposed pessimistic verification, pessimistic
verification (pverify), a paradigm of agentic
workflows that rejects a solution if any of multiple
parallel verifiers identifies a flaw.

Progressive pessimistic verification further employs
fine-grained proof decomposition that significantly
enhance verification accuracy and efficiency.

Key Findings

Discussions

We adopted balanced F1 score as the main metric,
and empirically ovserved these key findings.
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bal. F1 = 
2 TPR TNR

TPR + TNR
TPR: true positive rate,
TNR: true negative rate.

IMO-GradingBench

1. pverify can significantly improve TNR while keeping
TPR stable, and steadily improve bal. F1 score.
2. majority voting has almost no effect on verification.
3. pverify is more effective than long CoT in test-time
scaling for verification with extented token usage.
4. progressive pverify exhibits even higher efficiency,
and is effective across many models.
5. the effectiveness of pverify on cutting-edge models
is hindered by annotation noise (see full paper).

We further validated pverify on a verifier-centered
iterative workflow for math problem solving on two
extremely challenging datasets, IMO 2025 and Apex
2025. Frontier models presented significant
performance boost compared to single-pass gene-
ration, and progressive pverify has notably higher
efficiency on these tasks.

Pverify could be especially useful in these scenarios:
1. Verification process typically dominates the token
usage in math agents, while integrating pverify would
significantly reduce the cost with a improved perf.
2. It can be used in reinforcement learning for math
to provide better signal for training verifiers and
eventually the prover.
pverify might also be effective in other tasks such as
code reviewing in coding agents.
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