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• Style-Alignment in Image generation requires fine-tuning.

Introduction & Background📌

Most of GNNs present an accuracy degradation in heterophilic 
cases and when adding too many layers: 
• Rely on the Homophilic Assumption. 
• Suffer from Oversmoothing Effect.

• False Assumption: Graph Nodes live in the same global 
feature space. 

• Assign a vector space (stalk) to each node and edge and 
learn restriction maps (transport maps) among them.

PROBLEM

SOLUTION à SHEAF NEURAL NETWORKS
• Style-Alignment in Image generation requires fine-tuning.

Sheaf Laplacian

Measures the nodes disagreement

Q:
🛠
Can we measure the total disagreement at each node?

A: Build the Sheaf Laplacian

Research Questions
• Can we optimise Sheaf 
    Diffusion process?
• Can we extend SNN to GDL?

🤔
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Polynomial Sheaf Diffusion⚡
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Equivariant Sheaf NNs📐

• Style-Alignment in Image generation requires fine-tuning.

Experiments & Results🔬

QM9 Benchmark  

N-Body System Real-World Benchmark

Extends SNNs with geometry-aware diffusion layersOptimise Sheaf Diffusion process

• Start from Coordinate-free Message Passing EGNN model.
• Based on Euclidean Invariants (pairwise angles/distances).
• Learn Sheaf Transports      per edge, before Invariances 

aggregation, to align neighbours' vector into node v local
gauge (feature space). 

𝑇!→#

• Replaces the ”one-step” diffusion with the action of a 
polynomial over the Sheaf Laplacian.

Double Interpretation:
• Spectral: Frequency–selective filter on the sheaf signal. 
• Spatial: The degree K determines the receptive field, mixing information across all 

paths of length up to K in a single pass.

Since the spectral response is always                        on the L spectrum, the Dirichlet 
Energy cannot increase.

Spectrum Upper Bound :

New s.o.t.a. results on heterophilic and homophilic datasets.
Diag models invert NSD* trend à Implicit performances speed-up.
Stalk dimension has not big impact as it was for NSD. 
No Oversmoothing à PolySD mantains highest results when L increases.

*Cristian Bodnar, Francesco Di Giovanni, Benjamin Chamberlain, Pietro Lio, and Michael Bronstein. Neural 
sheaf diffusion: A topological perspective on heterophily and oversmoothing in gnns. Advances in Neural 
Information Processing Systems, 35:18527–18541, 2022. 

PolySD VS NSD – #Layers Ablation

Pick best K for the three models and run #layers and #channels ablation.
PolySD needs low K for homophilic and higher K for heterophilic datasets. 
Despite more layers and more hidden channels, PolySD performs better 
than NSD à Parameter Savings

• For     (Normalized Case), we have          since the spectrum is bounded, 
    i.e.,             .
• For     (Unnormalized Case), we have 2 options:

•  
•  
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