SPC: Evolving Self-Play Critic via Adversarial
Games for LLM Reasoning

Jiagi Chen
HKU, CS
2025



SPC: Evolving Self-Play Critic via Adversarial Games for LLM Reasoning

\_

4 @ @Qwen & deepseck  OXN) Llama

LLM CoT: "To solve this problem, we can follow these steps ... "

~

J

Complex and Diverse How to evaluate?

Manual labeling

Data collection

Automatically generation




SPC: Evolving Self-Play Critic via Adversarial Games for LLM Reasoning

Incorrect Steps

/I need to carefully

figure out all the

Reward +1 for Winner hidden mistakes.
against > oH

'1 ®©p

Reward -1 for Loser .
Sneaky Generator Step Critic

wp CritiqM

| will sneakily
add subtle errors

to fool the critic.




SPC: Evolving Self-Play Critic via Adversarial Games for LLM Reasoning

Problem:

Convert $1011001_2$ to base 4.
Partial Solution:

To convert the binary number
\\(1011001_2\\) to base 4, we can
follow these steps:

1. **Group the binary digits into pairs
starting from the right**: 1

Sneaky CofT: ... | will use **Error Type 2:

Step Critic
t

Incorrect Step: 3. **Combine the base 4
digits**:\n Combining these base 4 digits,
we obtain:\n \\[\n 1011001_2 = 11121_4\n \\]

Since each base 4 digit can be

introduce an incorrect simplification in the

. concatenation of the base 4 digits ...
Correct Step: 3. **Combine the

base 4 digits**:\n Combining the 1
base 4 digits from the pairs, we
get\n\\[\n 1011001_2 = 1121_4\n\\] ——>
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» 13.2K samples for offline RL
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Reward +1

Sneaky Generator <«--
Reward -1

Critique:
The last step involves combining the base 4
digits obtained from the conversion of each
binary pair ... The correct combination
should be \\(1121_4\\), but the solution
incorrectly writes it as \\(11121_4\\).
Conclusion:

The correctness of the last step is

<Answer>Incorrect</Answer>.
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» We consider the average reward of all samples as baseline b
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Models GSMSK MATH O']ysmp‘;‘d' ﬁ':,}“ﬁ Average PRMB00K DeltaBench

end Models Average HarMean Correct Error Average HarMean Correct Error
Process Reward Models (PRMs) Process Reward Models (PRMs)
Math-Shepherd-PRM-7B [26] 58.0 58.4 68.0 64.1 62.1 Math-Shepherd-PRM-7B [26] 500 495 552 448 533 143 769 988
Qwen2.5-Math-7B-PRM800K [27] 77.0 72.9 66.9 62.1 69.7 Qwen2.5-Math-7B-PRMS00K [27]  73.6 73.6 744 728 585 413 90.1 268
Prompting LLMs as Critic Models Prompting LLMs as Critic Models
Llama-3.1-8B-Instruct [10] 59.5 57.7 53.6 53.9 56.2 Llama-3.1-8B-Instruct [10] 51.9 30.5 186 852 49.1 6.38 330  95.0
Llama-3.1-70B-Instruct [10] 67.2 62.8 61.7 61.9 63.4 Llama-3.1-70B-Instruct [10] 54.6 38.9 253 839 446 20.3 117 775
Qwen2.5-7B-Instruct [12] 64.2 64.0 62.1 60.8 62.8 Qwen2.5-7B-instruct [12] 52.8 37.2 24.1 81.6 482 33.8 218 747
Qwen2.5-32B-Instruct [12] 76.2 68.1 68.9 63.9 69.3 Qwen2.5-32B-instruct [12] 59.0 50.5 36.6 81.4 447 33.0 218 676
GPT-4o [6] 75.5 70.5 70.0 64.5 70.1 GPT-40 [6] 68.5 68.4 703  66.6 49.9 48.7 420 579
DeepSeek-R1-Distill-Qwen-7B [21] 79.0 81.3 73.4 67.3 75.2 DeepSeek-R1-Distill-Qwen-7B [21]  71.4 71.2 673 755 509 50.6 549 469
Our Critic Models Our Critic Models
SPC (Round 0) 78.0 74.1 67.8 63.2 70.8 SPC (Round 0) 71.0 70.8 67.8 742 549 53.5 459 64.0
SPC (Round 1) 82.0 80.3 74.8 70.3 76.8 SPC (Round 1) 72.8 70.3 594 861 588 57.3 68.4 493
SPC (Round 2) 84.2 80.8 76.5 69.2 71.7 SPC (Round 2) 75.8 75.8 748 769  60.5 59.5 682 52.8

Processbench PRMS800K and DeltaBench
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Table 3: Performance of various methods for assisting different LLMs in math reasoning. By
integrating Self-Consistency with our SPC, we achieve the best results across three types of LLMs on
MATHS00 and AIME2024 datasets.

Solvers Verifiers MATHS00 AIME2024
w/o 47.0 4.27
Self-Consistency [2] 55.6 3.33
Math-Shepherd [26] 524 3.33
Qwen2.5-Math-7B-PRM800K [27] 54.6 3.33
Llama-3.1-8B-Instruct [10] Self-Consistency + Math-Shepherd 53.6 6.67
Self-Consistency + Qwen2.5-Math-7B-PRM800K 60.4 3.33
SPC (Ours) 54.5 5.63
Self-Consistency + SPC (Ours) 62.8 6.67
w/o 78.0 14.4
Self-Consistency 82.0 16.7
Math-Shepherd 78.8 13.3
Qwen2.5-Math-7B-PRM800K 82.8 16.7
Qwen2.5-32B-Instruct [12] Self-Consistency + Math-Shepherd 80.8 13.3
Self-Consistency + Qwen2.5-Math-7B-PRM800K 84.6 16.7
SPC (Ours) 83.0 17.7
Self-Consistency + SPC (Ours) 85.2 23.3
w/o 87.7 53.8
Self-Consistency 92.2 70.0
Math-Shepherd 87.0 53.3
i i Qwen2.5-Math-7B-PRM800K 84.2 63.3
DeepSeck-R1-Distill-Qwen-7B [21] Self-Consistency + Math-Shepherd 89.2 60.0
Self-Consistency + Qwen2.5-Math-7B-PRM800K 91.8 73.3
SPC (Ours) 92.3 52.6

Self-Consistency + SPC (Ours) 94.0 73.3
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