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Introduction

✓ Recently, LLMs have made significant advancements in arithmetic reasoning. However, 

the internal mechanism of how LLMs solve arithmetic problems remains unclear.



Related Work
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The interaction has been

proven to be faithful explanations by a 

series of theoretical guarantees.

Analyze how LLMs encode different 

interactions during the forward 

propagation process.



Interactions

✓ Prior work has shown that a neural network’s output score can be decomposed as the 

sum of the effects of symbolic interaction concepts.
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Model

✓ Defining different types of interactions



Model

✓ Quantifying interactions encoded by an LLM in intermediate layers

∀𝑆 ⊆ 𝑁, 𝑆 ≠ ∅, 𝐼𝑆 = ෍

𝑆′⊆𝑆

−1 𝑆 − 𝑆′
∙ 𝑣 𝒙𝑆′ , Equation (2)

∀𝑇 ⊆ 𝑁, 𝑣 𝑙 𝒙𝑇 = cos 𝑓 𝑙 𝒙𝑇 , 𝑓 𝑙 𝒙𝑁 =
𝑓 𝑙 𝒙𝑁

𝑇
∙ 𝑓 𝑙 𝒙𝑇

ቁ𝑓 𝑙 𝒙𝑁
2

∙ ቁ𝑓 𝑙 𝒙𝑇
2

 

𝑅 𝑙 𝛺𝑡𝑦𝑝𝑒 =
𝔼𝑆∈𝛺𝑡𝑦𝑝𝑒 𝐼 𝑙 𝑆

𝑍 𝑙
, 𝛺𝑡𝑦𝑝𝑒 ∈ 𝛺𝑜𝑝𝑑 , 𝛺𝑜𝑝𝑟 , 𝛺𝑜𝑝𝑑−𝑜𝑝𝑟 , 𝛺𝑏𝑔 𝜅𝑚

𝑙
=

𝔼 𝑆 =𝑚 𝐼 𝑙 𝑆

𝑍 𝑙
, 𝑚 ∈ 1,2 … , 𝑛

✓ Quantifying different interactions
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Comparative studies

✓ We use interactions to analyze seven LLMs for 

arithmetic reasoning. 

✓ We conduct experiments on a set of arithmetic 

problems hand-crafted by humans, including 6 

templates for one-operator two-operand queries 

and 29 templates for two-operator three-operand 

queries.



Comparative studies

Insight 1： The internal mechanism of LLMs for solving simple one-operator arithmetic 

problems is their capability to encode2 operand-operator interactions and high-order 

interactions from input samples. 



✓ We further explore how an LLM learns to solve arithmetic problems. 

✓ We investigate how an LLM encodes different interactions when trained on arithmetic 

problem data. 

Comparative studies



Insight 2: The internal mechanism of LLMs for solving relatively complex two-operator 

arithmetic problems is their capability to encode operator interactions and operand 

interactions from input samples. 

Comparative studies



Insight 3: We explain the task-specific nature of the LoRA method from the perspective of 

interactions. 

Comparative studies



Summary

In this paper, we use interactions to provide a deep understanding of the internal 

mechanism of LLMs for arithmetic reasoning. 

✓ The internal mechanism of LLMs for solving simple one-operator arithmetic problems is 

their capability to encode operand-operator interactions and high-order interactions. 

✓ The internal mechanism of LLMs for solving relatively complex two-operator arithmetic 

problems is their capability to encode operator interactions and operand interactions. 

✓ We also explain the task-specific nature of the LoRA method from the perspective of 

interactions.
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