
CFD: Learning Generalized Molecular Representation via 

Concept-Enhanced Feedback Disentanglement 
Aming Wu    Cheng Deng    

Xidian University

amwu@xidian.edu.cn,         chdeng@mail.xidian.edu.cn

Molecular Representation Learning

⚫ In order to accelerate the development of biochemical research, e.g., 

drug discovery, molecular representation learning (MRL) has 

attracted growing attention, aiming to transform molecules into 

low-dimensional and dense vectors 

⚫ Though MRL has achieved significant progress, most methods often 

follow the closed-set assumption, i.e., the training and testing 

data share the same distribution, which limits the applications in 

open scenarios with unknown diverse distributions. Thus, improving 

the generalization of molecular representation is meaningful for 

reducing the impact of distribution shifts

Generalized Representation Extraction

Currently, in order to extract generalized molecular representation, there 

exist two types of methods:

⚫ The first type is First-Separation-Then-Encoding, i.e., first dividing the 

graph into generalized and spurious subgraphs and then encoding 

each part separately

Concept-Enhanced Feedback Disentanglement

➢ Variational Disentanglement for Molecular Representation
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➢ Learning Molecule Concepts
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Experiments

➢ Evaluation Performance on GOOD Benchmark

➢ Evaluation Performance on DrugOOD Dataset

➢ Visualization Analysis

Conclusion

⚫ By performing multiple feedback iterations, our method progressively 

decompose expected features involving rich generalized information

⚫ The second type is First-Encoding-Then-Separation, i.e., first using a 

GNN to encode the molecule and another GNN is utilized to calculate 

the score for separating generalized and spurious features

⚫ Differently, we propose a new method, i.e., Concept-Enhanced 

Feedback Disentanglement (CFD), which aims to exploit the 

feedback mechanism to learn generalized representation

Feedback Separating Generalized Representation

⚫ We assume that the number of feedback iterations is 𝑇. Given the 

current feature 𝑄𝑡  that is the concatenation of the previous two 

iteration outputs, we first use the above operations to disentangle 𝑄𝑡 

into 𝑍𝑡
𝑆𝑝𝑢

 and 𝑍𝑡
𝐺𝑒𝑛. Then, 𝑄𝑡+1 = ∅([𝑍𝑡−1

𝐺𝑒𝑛, 𝑍𝑡
𝐺𝑒𝑛]) is taken as the 

input of the current step to repeat the above disentangled operations

➢ Evaluation Performance on DrugOOD Dataset

⚫ Meanwhile, fusing the molecule concepts that focus on substructures 

could further strengthen the generalization

Concept-Enhanced Feedback Disentanglement
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