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[ Foundation (Mathematical Methodology)] 
1. AAAI  2021  Interpreting Multivariate Shapley Interactions in DNNs

[ Interaction-based Understanding of DNNs ]
2. CVPR 2023  Defining and Quantifying the Emergence of Sparse Concepts in DNNs
3. ICML 2023  Does a Neural Network Really Encode Symbolic Concepts?
4. ICLR 2024  Where We Have Arrived in Proving the Emergence of Sparse Interaction Primitives in DNNs
5. NeurIPS 2024 Towards the Dynamics of a DNN Learning Symbolic Interactions

[ Application ]
6. ICML 2023 Bayesian Neural Networks Avoid Encoding Complex and Perturbation-Sensitive Concepts
7. AAAI 2024 Explaining Generalization Power of a DNN Using Interactive Concepts

[ Architectural Innovation ]
8. ICML 2023  HarsanyiNet: Computing Accurate Shapley Values in a Single Forward Propagation
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3. ICLR 2024

Sparsity가 중요한 이유??? → 이 I(S)들을 “symbolic primitives” 라고 해석할 수 있게 되기 때문에
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Figure 1: Illustration of interactions encoded by a DNN. Each interaction S corresponds to an AND relationship among 
a specific set S of input variables (image patches). The patches x1 and x4 are masked, so that interactions S2 and S3 
are deactivated
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(1)Sparsity property.
A DNN is supposed to encode few salient interactions on a specific sample.

(2)Universal matching property. 
The network output on any arbitrarily masked sample is supposed to be well matched by the effects of 
specific interactions.

(3)Sample-wise transferability property.
Salient interactions are supposed to be shared across different samples in the same category

Li & Zhang (CVPR 2023 )

Ren et al. (ICML 2023 )

Interaction을 Faithful concept (inference pattern)이라고 주장하기 위해 필요한 성질 3가지!!!

Axiomatic properties  to define interactions as representations of faithful inference patterns (or concepts) encoded by a DNN

𝑣 𝑥 = ෍
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𝐼 𝑆 + 𝑣 𝑥∅

※ 

INTERACTION AS A SYMBOLIC CONCEPTS

Li & Zhang (CVPR 2023 )

Ren et al. (ICML 2023 )
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The DNN has at most M-th order non-zero derivatives, where M < n, and n is the number of input variables to the DNN

Assumption 1

(a) empirical evidence

(b) heuristic reasoning

(c) literature precedent
: 기존 game-theoretic interaction 연구들도 고차항 truncate 함.

Justification

∀𝑆 ⊆ 𝑁, ∣ 𝑆 ∣≥ 𝑀 + 1, 𝐼 𝑆 = 0
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The DNN can be used on occluded samples (e.g., an image with some patches being masked), and yields a higher 
classification confidence when the sample is less occluded.

Assumption 2

∀ 𝑚′≤ 𝑚 ⇒ 𝑢
− 𝑚′

≤ 𝑢
− 𝑚

Justification

The classification confidence of the DNN does not significantly degrade on occluded samples
Assumption 3

𝑢
− 𝑚′

≥
𝑚′

𝑚

𝑝

𝑢
− 𝑚  for 𝑚′ ≤ 𝑚 , 𝑝 > 0 (positive constatn)

(a) empirical evidence

(b) heuristic reasoning

𝑢
−

𝑚 =
𝑑𝑒𝑓

𝔼∣𝑆∣=𝑚 𝑢 𝑆

𝑢 𝑆 = 𝑣 𝑥𝑆 − 𝑣 𝑥∅



PROVING THE SPARSITY OF INTERACTIONS03

The above theorem indicates that the sum of effects of all k-order interactions is O(np+δ ). 



PROVING THE SPARSITY OF INTERACTIONS03

The above theorem indicates that if positive interactions do not fully cancel with negative interactions (i.e., |η(k)| is not 
extremely small), then the number of valid interactions R(k) of the k-th order has an upper bound of O(np+δ /|τ η(k)|), 
which is much less than the total number of nk potential interactions of the k-th order in most cases
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