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§Quantitative Results on Reasoning Benchmarks

§ Investigation on Erroneous Memory Detection

Details of Multi-Agent Debate with Memory Masking:
1. Given a query 𝑋, at the first debate round, each agent 𝐴!! generate

its response 𝐴!! 𝑋 . Then, the corresponding memory can be obtained
ℳ" = 𝐴!" 𝑋 ,… , 𝐴!#$ 𝑋

2. From the second debate round, the memories obtained from the last
debate will be evaluated by each agent, and a mask will be generated
via a map 𝑔#%!

$%&:ℳ' → 0, 1 ($ to mask the potential wrong memories:
,ℳ'

) = 𝑀 ) ⨀ℳ', where 𝑀 ) = 𝑔#%!
$%& ℳ'

3. Based on the retained memories, a set of new responses are generated
as the memories for the next round of debate or the final answers:

ℳ'*" = 𝐴!" 𝑋, ,ℳ'
" , … , 𝐴!#$ 𝑋, ,ℳ'

($

The erroneous memories may misguide the
agents towards the wrong directions.

Gerry goes to sleep at 11 pm each night. But he doesn't sleep very well, so he
awakens at a random time between 1:00 am and 3:59 am, with each minute
equally likely (including 1:00 and 3:59). He then reads the hour and minute shown
on his clock as a three digit number, so 2:56 am would be 256. What is the
probability that that number will be divisible by 7?"

Debate Round 1

Agent1

• Gerry can wake up anytime between 1:00 and 3:59 → 180 
possible minutes. 
• Each minute is written as a three-digit number (e.g., 1:00 →
100). 
• Count how many of these are divisible by 7: 
• 1:00–1:59 → 8 numbers, 
• 2:00–2:59 → 9 numbers, 
• 3:00–3:59 → 9 numbers. 
• Total favorable = 26. 
•Probability = 26/180 = 13/90.

Agent 2

• Gerry can wake up anytime from 
1:00 to 3:59 → 180 possible minutes. 
• Each time is written as a three-digit 
number (HMM). 
• Find numbers divisible by 7 between 
100 and 359. 
• Smallest is 105, largest is 357 →
total 37 valid times. 
• Probability = 37/180.

Debate Round 2

Take both responses as references

Agent1

• Gerry can wake between 1:00 and 3:59 → 180 possible 
minutes. 
• Each time is written as a three-digit number (100–359). 
• Numbers divisible by 7 in this range go from 105 to 357 →
37 valid cases. 
• Probability = 37/180.

Agent 2

• Gerry can wake between 1:00–3:59 
→ 180 total minutes (180 possible 
numbers from 100–359). 
• Numbers divisible by 7 in this range 
are from 105 to 357. 
• There are 37 such valid times. 
• Probability = 37/180.

Mathematical Justification

The erroneous memories will significantly
deteriorate the reasoning capability of MAD.

While staying in a 15-story hotel, Polya plays the following game. She enters an elevator on the 6-th floor.
She flips a fair coin five times to determine her next five stops. Each time she flips heads, she goes up one
floor. Each time she flips tails, she goes down one floor. What is the probability that each of her next five
stops is on the 7-th floor or higher? Express your answer as a common fraction.

Answer1
*** Reasoning ***
•Find 4 valid sequences out of 16.
•So probability = (½) × (¼) = 1/8.

Answer 2
*** Reasoning: Ballot/Dyck path ***
•Find the same 4 valid sequences out of 
16, so probability = 1/8.

Answer 3
•*** Reasoning ***
•Find 6 valid sequences satisfy the condition
•So total = (½) × (6/16) = 3/16.

First Debate Round

Let me see… Answer 1… Answer 2
… Answer 3…

Ops, my answer seems wrong, and
Answer 2 is also wrong. I would like
to select Answer 3.

Reference:Answer 3

Emm… Answer 1 is the same as mine,
but mine seems wrong. Okay, let’s take
Answer 3.

Reference:Answer 3

Let me check… both Answer 1 & 2
undercounted valid paths… Mine is
correct. Okay, take Answer 3.

Reference:Answer 3

•The first flip must be H to move 
to the 7th floor. 
•Then checks all possible four-flip 
sequences to see which keep her 
≥7. 
•Explicitly enumerates them and 
finds 6 valid sequences out of 16. 
•Probability = (½) × (6/16) = 3/16.

•The first flip must be H to move to 
the 7th floor.
•Analyzes the problem with Catalan / 
ballot path analogy but notices 
mismatch. 
•Falls back on explicit enumeration of 
4-flip sequences. 
•Identifies again 6 valid sequences 
out of 16. 
•Probability = (½) × (6/16) = 3/16.

•Begin with Polya moving to the 7th floor 
after one H. 
•Systematically lists sequences with 0, 1, 
or 2 tails across the next 4 moves. 
•Confirms exactly 6 valid sequences 
remain valid. 
•Computes probability = (½) × (6/16) = 
3/16.

Evaluation andMasking

Reason with MaskedMemories

Two Masking Strategies
• Subjective Masking: Agents evaluate each memory with three flags:

“YES”, “NO”, and “NOT SURE”. Then, memories with “YES” will be
retained. Memories with “NOT SURE” will be retained in some cases.

• Objective Masking: Memories with lower perplexity will be retained.

1. MAD-M2 achieves better
performance in identifying
the erroneous memories on
easy reasoning tasks;

2. Powerful LLMs help identify
erroneous memories more
accurately.
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§ Scaling Analyses


