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Geometric Deep 
Learning

Goal: Generalize networks operating 
on Euclidean structures to non-
Euclidean geometries.
Graphs are a natural model for many datatypes:

• Citation networks
• Social networks
• Molecule structures



Graph 
Convolutional 
Networks [Kipf

and Welling 2016]



Each layer 
aggregates 
information 
and can be 
stacked for 
larger filters
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… at a cost

“Oversmoothing” [Li et al. 2018]

GCN has inductive bias towards 
averaging features limiting the use of 
additional depth



… at a cost

“Oversmoothing” [Li et al. 2018]
“Underreaching” [Barcelo et al. 2020]

GCN can only aggregate information 
at distance equal to the number of 
layers



CNN learned filters [Krizhevsky et al. 2012]

Morlet wavelet [Bruna and Mallet 2012]

(Euclidean) 
Scattering



Geometric Scattering 
[Gao et al. 2019]

Converts graph signals to vector representation

Provides guarantees on stability and permutation equivariance



Diffusion on a Graphs



Scattering Architecture



Efficient Learning of Diffusion Scales

Calculate scales 
diffusion scales 0 
through 16

1
Learn a mixture 
of scales for each 
bump using linear 
layer + Softmax

2
Sort bump from 
lowest to highest 
scale by largest 
weight

3
Calculate 
wavelets using 
difference of 
successive bumps

4



Results
LEGS-RBF: LEGS followed by radial basis 
network classifier
LEGS-FCN: LEGS followed by fully connected 
network
LEGS-FIXED: LEGS with fixed scales followed by 
fully connected network



Results

• Performs well on molecule graphs
• CASP structure error regression
• QM9 feature regression



Conclusions

Learnable geometric scattering learns diffusion scales
• More flexible than fixed scattering
• Maintains theoretical properties of fixed scattering
• Improves performance by mitigating oversmoothing and underreaching



Thanks!

Code: 
https://github.com/KrishnaswamyLab/LearnableScattering

Paper: https://arxiv.org/abs/2010.02415


