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Agenda

• The effects of graph spectrum in existing GNN architectures
• A new architecture inspired by the effects of graph spectrum
• Results



The effects of graph spectrum in existing GNN 
architectures



A unified formulation of Existing GNNs

Graph matrix, e.g. (normalized) Adjacency, Laplacian, etc
Hidden features/signals

MLP with parameters 𝛩
Polynomial with coefficients 𝛾
Nonlinear function



Ø

Ø

Correlation analysis

Graph convolution on a single signal h

Stacking multiple graph convolutions

Spectral smoothness 
determines the 
correlations among 
signalsBefore convolution After convolution

Correlation issue 
restricts developing 
deep models as well 
as powerful filters.



Oversmoothing analysis VS correlation 
analysis

Convergence analysis

Oversmoothing analysis 
based on Markov process

Correlation analysis 
(Ours)

Considered metric Signal similarity Signal cosine similarity

Requirements
Connected Necessary Unnecessary
Normalized Necessary Unnecessary

Deep enough Necessary Unnecessary
Convergence property Monotonous - Yes



A new architecture inspired by the effects of graph 
spectrum



Correlation-free architecture

Correlation-free architecture

Channel-shared filter (Existing)

Channel-independent filter (Ours)

Look into the i-th filter

The columns of 
Vandermonde
matrix serve as 
filter bases

Coefficients of 
the i-th filter



Improve polynomial filters with optimized 
bases
Eigendecomposition based Generalized graph normalization



Results



Ablation study: filter complexity



Ablation study: model depth



Summary

• Correlation analysis
• We show that in existing architectures, the unsmooth spectrum results in the correlation issue, which acts as 

the obstacle to developing deep models as well as applying more powerful graph filters.

• Propose the correlation-free architecture
• decouples the correlation issue from filter design.

• Improve the approximation abilities of polynomial filters
• We show that the spectral characteristics of bases also hinder the approximation abilities of polynomial filters 

and address it by altering the graph's spectrum.



Thank you for listening!

https://github.com/qslim/gnn-spectrum


