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Motivation: Limitations of Graph Neural Networks
Subtructures Higher-order signals

Expressive power Long-range interactions
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CW Complexes
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CW Complexes
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CW Complexes
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CW Complexes
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Boundary adjacency: Cell     is on the boundary of cell  

Upper adjacency:           are on the boundary of cell  



Molecules as Cell Complexes
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Graph representations of molecules date back to the nineteenth century [1]. However, it is not 
necessarily the best representation. We propose modelling molecules as cell complexes.

[1]: Danail Bonchev, D.H. Rouvray (eds.) (1991) "Chemical Graph Theory: Introduction and Fundamentals"



CWNs and Molecular Message Passing
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Practical Benefits of CWNs 

≠

Superior expressive power

Easily capture 
long-range interactions
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Hierarchical:
Atom → Bond → Ring

Higher-order modeling:
Structure & Features



Real-world Experiments: ZINC + MolHIV

10



Real-world Experiments: ZINC (ablation study)

“Standard”

Captures rings

Importance of capturing rings

Updates edges

Importance of updating edges

11



Thanks! ArXiv

Github
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Backup: Computational Complexity

Max boundary size Number of p-cells

Boundary msgs Upper msgs

(Message passing) In practice:              
fixed (small) constant

Empirically, GIN is only 19% – 35% 
faster at inference time (ZINC)

(Lifting)
linear trend
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Backup: RingTransfer

source

targetL = 3 (constant)L = (ring size) // 2

Random guess
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Backup: TUDatasets
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