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• Learning representations in Graph data

o Graph level

o Node level

o Multi-scale

o Others…

• Graph are rich data structures

o Bioinformatics

o Transportation networks

o Social networks

o Point clouds

o 3D Meshes

o Knowledge graphs

o Recommendation engines

o Particle physics
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Motivation

Veselkov et al. (2019)



Node classification

Given a graph, predict the category of 
unlabeled nodes
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Problem setting

Mishra et al. (2020)                                                                           Carbone et al. (2020)

Graph regression

Given a graph, predict a quantitative 
attribute of it
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Contributions

• LanczosNet uses the Lanczos algorithm to 
efficiently extract useful features from 
graphs 

• The architecture allows multi-scale 
analysis in large graphs

• Achieves SOTA performance in two 
challenging benchmarks



Supervised/semi-supervised learning

Unsupervised learning
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Previous approaches

García-Durán et al. (2017)

Battaglia et al. (2018)                                                                   Vishwanathan et al. (2020)



Graph Convolution Based Models

• Origins in graph signal processing (GSP)

• Supported by spectral graph theory
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Previous approaches

Bruna et al. (2014)                                                                          Velickovic et al. (2018)

Spectral Networks Graph Attention Networks



Recurrent Neural Networks based Models

• Origins in recurrent neural networks (RNNs)

• Graph neural networks (GNNs)

8

Previous approaches

Li et al. (2017)                                                                                   Hamilton et al. (2017)

Gated Graph Sequence Neural Networks

GraphSAGE



Graph based manifold learning

• High to low dimensional representations

• Reduces graph complexity
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Previous approaches

Roweis & Saul (2000)                                                                               Nadler et al. (2006)

Locally Linear Embedding (LLE)

Diffusion maps



Graph notation and definitions

• Undirected graph
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Background

Gallier (2020)

𝐺 = (𝑉, 𝐸)

𝑉 = {𝑣1 , … , 𝑣𝑛}

𝐸 = {{𝑣𝑖 , 𝑣𝑗},… , {𝑣𝑚, 𝑣𝑛}}

𝑤𝑖𝑡ℎ 𝑣𝑖 , 𝑣𝑗 ∈ 𝑉 𝑎𝑛𝑑 𝑣𝑖 ≠ 𝑣𝑗

• Adjacency matrix

𝑣1𝑣2𝑣3𝑣4𝑣5



Graph notation and definitions

• Degree matrix
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Background

• Laplacian matrix

=
_

Gallier (2020)



Additional background…

• Graph Fourier Transform
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Background

• Localized Polynomial Filter

Liao et al. (2019)



Lanczos Algorithm
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Methods

Goal: Obtain an approximation of 

• Orthogonal matrix

• Symmetric tridiagonal matrix

• Such that 

Liao et al. (2019)



LanczosNet

14

Methods

• Spectral Filter• Localized Polynomial Filter

Liao et al. (2019)



LanczosNet
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Methods

• Multi-scale Graph Convolution

• Learning the Spectral Filter

Liao et al. (2019)



LanczosNet

16

Methods

Liao et al. (2019)



Citation networks
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Experiments

Cheung et al. (2020)

Goal: Predict class of unlabeled nodes (documents) in citation networks



18

Experiments

Goal: Predict class of unlabeled nodes (documents) in citation networks

Liao et al. (2019)

Citation networks



Quantum Chemistry
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Experiments

Goal: Predict 16 quantities per molecule in QM8 dataset

Ramakrishnan et al. (2015)



Quantum Chemistry
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Experiments

Goal: Predict 16 quantities per molecule in QM8 dataset

Liao et al. (2019)



Ablation studies in QM8
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Experiments

Multi-Scale Graph 
Convolution

Liao et al. (2019)

Lanczos Step

Learning Spectral 
Filter

Graph Kernel/Node 
Embedding



• LanczosNet uses the Lanczos algorithm to 
extract useful features from graphs

• The method enables analysis of multi-scale 
patterns in graphs

• Allows efficient learning of spectral filters

• Achieves SOTA performance in two 
challenging benchmarks
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Conclusions



• The Lanczos algorithm could be time consuming, 
less desirable for real-time applications

• What is the applicability in directed graphs?

• What are the implications for use in graphs with 
significantly larger size?

23

Limitations
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Questions?

• Please reach out in Piazza


