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Abstract: While Large Language Models (LLMs) excel in logical tasks, evaluations based solely

on final outputs remain insufficient for understanding their internal reasoning processes. To address

this black-box nature, this study investigates the mechanisms of knowledge formation and updates

during logical inference. We employ Latent-Explorer, an activation-patching-based method, to

extract layer-wise propositions from Llama-2-7b on the LogicQA and RuleTaker datasets. By con-

structing dynamic knowledge graphs, we analyze internal reasoning profiles through multi-faceted

metrics, including conclusion emergence, stability, and convergence. Our findings quantitatively

clarify how LLMs transform propositional knowledge across layers to reach final conclusions.
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Question: How many apples does Tom have now?
Options: (A) 1 (B) 2 (C) 3 (D) 4

Answer: A

Question: Who is the youngest person?
Answer: C

Now solve the following problem.

Passage: [context of the target problem]

Question: [question of the target problem]

Answer:

You are an expert in logical reasoning. Read the passage carefully and answer the question
by choosing one option from (A), (B), (C), (D). Answer only with the letter of the correct option.

Example 1: Passage: Tom had three apples. He gave one apple to Mary and one apple to John.

Example 2: Passage: Alice is older than Betty. Betty is older than Chris.

Options: (A) Alice (B) Betty (C) Chris (D) None of the above

Options: (A) [option A] (B) [option B] (C) [option C] (D) [option D]

0 2: LogicQAOODOODOODOOO

Example 1:

Context: Tom is tall. Tall things are strong.
Question: Tom is strong.

Answer: ENTAILMENT

Example 2:

Question: Alice is the youngest person.
Answer: NOT_ENTAILMENT

Now solve the following problem.

Context: [context of the target problem]
Question: [question of the target problem]
Answer:

You are an expert in logical reasoning. Read the context carefully and determine whether the question
is entailed by the context. Answer only with one of the following labels: ENTAILMENT or NOT_ENTAILMENT.

Context: Alice is older than Betty. Betty is older than Chris.
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O000: Some Cantonese don’t like chili, so some O000: Anne is quiet. Anne is not young. Bob is
southerners don’t like chili. kind. Bob is young. Dave is rough. Dave is round.

Dave is smart. Dave is not young. Fiona is quiet.
Fiona is not round. Kind, young things are not
smart.

O0O00: Bob is kind.

00 0: Which of the following can guarantee the
above argument?

000: (a)Some Cantonese love chili. (b)Some peo-
ple who like peppers are southerners. (c)All Can-
tonese are southerners. (d)Some Cantonese like nei-
ther peppers nor sweets.

E’

O 5 RuleTaker 000 O00DOOO0OO0ODDOOOODOO
0 4 LogicQADDDDOOODOOODDOOOODDOT ference on Computational Linguistics, Language

Resources and Evaluation, pp.70-76, 2024.
0000000000000 0000000OLogicQA

0000000000000 00000000000 [2] J. Liu, L. Cui, H. Liu, D. Huang, Y. Wang, and
0000000000000 00000000000 Y. Zhang : LogiQA: A Challenge Dataset for Ma-
000000000000 000000000000 chine Reading Comprehension with Logical Rea-
0000000000000 00000000000 soning, The 29th International Joint Conference
00000000000 0000000000000 on Artificial Intelligence, pp.3622-3628, 2020.
pogoooooooooonogoogoogood [3] P. Clark, O. Tafjord, and K. Richardson :
gbododaoodooaoodsobaoooodn Transformers as Soft Reasoners over Language,
oboodooodobodbooodooodood The 29th International Conference on Interna-
boobodoodooooboooodoouon tional Joint Conferences on Artificial Intelli-
dooooooooobobbbboooooooooo gence, pp.3882-3890, 2020.
O000o0oooooooooooooooooon
000000000000 000000000000 [4] S. Heimersheim and N. Nanda : How to use and
LLMODOOOOOOO0OOOO00000000000 interpret activation patching, arXiv:2404.15255,
D0D0000000000000000000000 2024,
gpobbooobboooboobbooboooooo [5] M. Bronzini, C. Nicolini, B. Lepri, J. Staiano,
obbobobooLnMOoOoooOoooooobooon and A. Passerini : Unveiling LLMs: The Evo-
gboooobbdooboooooooao lution of Latent Representations in a Dynamic
Knowledge Graph, arXiv:2404.03623, 2024.
0000 [6] W. Jiang, H. Shi, L. Yu, Z. Liu, Y. Zhang, Z. Li,
and J. Kwok : Forward-Backward Reasoning in
[1] X. Wu, Y. Cai, and H.-F. Leung : Abstract- Large Language Models for Mathematical Verifi-
level Deductive Reasoning for Pre-trained Lan- cation, Findings of Annual Meeting of the Asso-
guage Models, The 2024 Joint International Con- ciation for Computational Linguistics, pp.6647—
6661, 2024.

-20 -



