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Signals Images Videos Graph neural networks (GNNs)
Extending deep neural networks

to graph structured data

Graph kernels (GKs)
Measures for estimating pairwise 

similarities between graphs

Learning on (ir)regular data structures
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Pooling, ! ⋅
e.g., Avg Pooling

Fixed Dimensional 
Representation
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Downstream 
classification/regression

• Multi-Layer 
Perceptron

• …

Common Practice for Graph Embedding
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Node embedding, ℎ(⋅)
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Togninalli, Matteo, et al. "Wasserstein Weisfeiler-Lehman Graph Kernels." NeurIPS 2019.

Calculate Wasserstein 
Distance, !(#$, #&)

Treat node 
embeddings as 

empirical 
distributions

Kernel Methods

! "! , "" = %#$%('!,'")

• Kernel SVM
• …

For a dataset of ! graphs, WWL requires ! !"#
$ calculations of the Wasserstein distance for training, and 

generally speaking ! distance calculations for testing

Wasserstein Weisfeiler-Lehman graph kernels
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Node embedding, ℎ(⋅)
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Euclidean Embedding for 
the Wasserstein distance

! ℎ #! − ! ℎ #" #
≈ &(#! , #")

Downstream 
classification/regression

• Multi-Layer 
Perceptron

• …

Main idea
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• Fix a reference probability measure !! with density "!.

• Let #" denote the Monge map that pushes !! into a 
measure !". 

• Define $ !" = #" − identity "! , which satisfies the 
following important properties:

1. $ !! = 0, reference distribution mapped to zero

2. $ !" # = 1# !" , !! : preserves distances to 
reference

3. $ !" − $ !$ # ≈ 1# !" , !$ : The 5# distance 
between
$ !" and $ !$ approximates 1# !" , !$

Linear Wasserstein embedding 
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For a dataset of ! graphs, WEGL requires ! calculations of the Wasserstein distance for training, and 1
distance calculation for testing

Wasserstein Embedding for Graph Learning (WEGL)
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molhiv

Experimental evaluation
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100X faster training and 10-100X faster testing (on CPU)

Average wall-clock time comparison
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https://github.com/navid-naderi/WEGL

Our code is available!

https://github.com/navid-naderi/WEGL

