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Limitations of existing approaches

Neural Atoms Empirical StudyBackground: Long-range Interactions

Modeling distant interactions 
with a single jump in molecular 
graphs in another space.

Learning to project all the original atoms into a few neural atoms 
that abstract the collective information of atomic groups in a molecule. 

à Neural atoms can boost the performance of various GNNs up to 27.32%.

à Neural atoms without 3D information and half the #params. achieve 
competitiveness or outperform the Ewald-based approach (previous SOTA).

à Neural Atoms are better than multiple fully connected Virtual Nodes. 

à Neural Atoms have sparse attention and establish inter-communications.

Implementation
Graph Neural Network

Paper 

Stacking multiple GNN layers to capture LRI? 
- Over-smoothing: representations become indistinguishable;
- Over-squashing: overwhelming information be squashed.

Graph Transformer

Using a fully connected graph to capture LRI? 
- Irrelevant interactions: the LRIs are naturally sparse;
- Additional computation: unnecessary node-pair attentions.

Motivation

Code 

Step-1. Project atom representations 𝑯𝑮𝑵𝑵
(ℓ) to neural atom 

representations 𝑯𝐍𝐀
(ℓ).

Advantages

- Learnable projection from atoms to 
neural atoms;

- Reducing the multi-hop long-range 
interaction to single-hop;

- GNN-agnostic and plug-in-and-play.

Step-2. Exchange information among neural atoms 𝑯𝐍𝐀
(ℓ) ↦ 𝑯̃𝐍𝐀

(ℓ).

Step-3. Project neural atoms back and enhance the atoms’ 
representation (𝑯𝑮𝑵𝑵

ℓ , 𝑯̃𝐍𝐀
(ℓ)) ↦𝑯 ℓ .

Question: Can we model long-range interactions with a single jump in molecular graphs? 🤔

Molecular graphs consist of different 
types of atom interaction with 
different properties and functions.

- The short-range interaction (SRI) 
forms the structure of the 
molecular graph.

- The long-range interaction (LRI) 
could determine physical and 
chemical properties.  
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