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Multi-Agent Debate: A Reasoning Paradigm
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Analysis on SC-CoT
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Assume the probability that an agent can
generate the correct answer of the given
query 𝑞 is 𝑝 and𝑁sc answers are sampled,
then the probability that the final answer is
correct is bounded as

Observation 1: SC-CoT fails to achieve good
performance in all cases.

hard reasoning

easy reasoning

Observation 2: Increasing the sampling size
deteriorates the performance of SC-CoT, when
the reasoning is hard.



Multi-Agent Debate
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• Consider an MAD framework with𝑁a agents
and 2 debate rounds.

• Assume the probability that an agent can
generate the correct answer in the zero-shot
way of the given query 𝑞 is 𝑝.

• Assume the probability that an agent can infer
the correct answer based on a set ofmemories
with 𝑗 correct memories is 𝑒−𝛼 𝑁a−𝑗 .

Observation 3: The reasoning capability of MAD is
“covered”by SC-CoT.

Observation 4: Increasing the number of agents
does NOT help improve the performance of MAD,
when the reasoning is hard.

wrong



Unreliable Memories in MAD

Empirical Observation: Unreliable memories
among agents may misguide agents towards
the wrong directions.

Agent 1 infers the answer in amore
careful way, while agent 2makes a
mistake due to the rough reasoning
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What if erroneousmemories are removed…?

1. The hard reasoning is turned into the easy
reasoning, with 𝑗 → 𝑁a

’ .
2. In this case, the probability will approach to 1.
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Better In-context Information



Multi-Agent Debate with Memory Masking

Step 1: At the first debate round, given a query,
each agent generate its own answers;

Step 2: From the second debate round, each
agent evaluates thememories derived from the
last debate round, andmasks those potential
erroneousmemories;

Step 3: Based on the retained memories, each
agent generate new answers towards the query.



TwoMasking Strategies

Subjective Masking
• Allow LLM Agents to evaluate
thememories with the flags of
“YES”, “NO”, and “NOT SURE”.

Objective Masking
• Preserve thememories with
low perplexity.

Q: Given the query, please
evaluate the answer.

Ans: YES
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Empirical Results

Experimental Settings
• Models:

• General Model:Qwen2.5-7B
• MathModel:Qwen2.5-Math-7B, DeepSeek-Math-7B, QwQ-32B

• Benchmarks:
• Math:GSM8K, MATH, AIME 2024, AIME 2025
• Language Understanding:MMLU_Pro,

• Baselines:CoT, SC-CoT, (Naive) MAD



Empirical Results

Main Results

Observation 1:MAD-M2 can outperform naive MAD in
almost all cases ofmodels and datasets.

Observation 2:MADwith powerful LLM agents tends
to achieve better performance in reasoning tasks.

Observation 3: Generally, powerful LLM agents prefer
the objective masking strategy while relatively weak
LLM agents prefer the subjective masking strategy.



Empirical Results

Erroneous Memory Detection
• Strict Rule: All erroneous are identified.
• Loose Rule: The correct memory takes a dominant place.

• Observation 1:MAD-M2 achieves better performance in erroneousmemory identification on
simple reasoning tasks (e.g., GSM8K &MATH) than on hard reasoning tasks (AIME).

• Observation 2: The subjective masking strategy helps ensure that correct memories take a
dominant place (i.e., loose rule) in thememory set.



Empirical Results

Scaling Analysis of Agent Size

• Observation 1: All MAD frameworks
generally benefit from the increasing of the
number of agents.

• Observation 2:MADwith weak LLM agents
benefitsmore from the subjective masking
strategies, while MADwith powerful LLM
agents benefitsmore from the objective
masking strategy.



Empirical Results

Scaling Analysis of Debate Round

• Observation 1: Increasing the number of
debate rounds does not consistently
improve the performance MAD frameworks.

• Observation 2:MADwith weak LLM agents
benefitsmore from the subjective masking
strategies, while MADwith powerful LLM
agents benefitsmore from the objective
masking strategy.



Empirical Results

Comparison betweenMAD-M2 and SparseMAD

Observation: The dynamicMAD-M2 achieves better
reasoning performance than the static SparseMAD

SparseMAD

MAD-M2
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Summary

❑Empirically, we find that there exist erroneousmemories in the typical multi-agent debate,
and the erroneousmemories will misguide other agents towards the wrong directions.

❑Theoretically, we demonstrate that MAD is vulnerable to erroneousmemories and removing
the erroneousmemories facilitates better reasoning performance.

❑Technically, we propose a simple yet effective framework, MAD-M2 to mask the potential
erroneousmemories inMAD.

❑Empirically, extensive experiments and analyses indicate the efficacy of our proposedMAD-
M2 framework.

Thank You!
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