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AGENDA

1. What is Convolution Neural Network? Why does it fail on graph?

2. Spectral Graph Theory 101

3. Graph Convolution Networks (GCN) and some of its applications

4. Semi-supervised Nodes Classification Performance Review

Graph Convolution Network (GCN) Graph Overview



NETWORK IS EVERYWHERE

Graph Convolution Network (GCN) Graph Overview



Convolutional Neural Network
(CNN)



CONVOLUTION NEURAL NETWORK (CNN)

Graph Convolution Network (GCN) CNN Architecture
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FILTERING

Graph Convolution Network (GCN) CNN ArchitectureSource: Brandon Rohrer - Facebook 

Consider this image: (2D Matrix)
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Features match pieces of the image
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CONVOLUTION LAYER
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A stack of filters forms a convolution layer



POOLING OPERATION
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1. Select a pooling window size; go with 2

2. Select a stride; go with 2
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ACTIVATION FUNCTION – ReLU
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SO FAR …

Graph Convolution Network (GCN) CNN ArchitectureSource: Brandon Rohrer

-1 -1 -1 -1 -1 -1 -1 -1 -1

-1 1 -1 -1 -1 -1 -1 1 -1

-1 -1 1 -1 -1 -1 1 -1 -1

-1 -1 -1 1 -1 1 -1 -1 -1

-1 -1 -1 -1 1 -1 -1 -1 -1

-1 -1 -1 1 -1 1 -1 -1 -1

-1 -1 1 -1 -1 -1 1 -1 -1

-1 1 -1 -1 -1 -1 -1 1 -1

-1 -1 -1 -1 -1 -1 -1 -1 -1

1.00 0.55

0.55 1.00

0.55 1.00

1.00 0.55

1.00 0.55

0.55 0.55



FULLY CONNECTED LAYER

Graph Convolution Network (GCN) CNN ArchitectureSource: Brandon Rohrer
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CNN FULL STACK

Graph Convolution Network (GCN) CNN ArchitectureSource: Brandon Rohrer
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CNN PROS

Graph Convolution Network (GCN) CNN Architecture



CNN PROS

Graph Convolution Network (GCN) CNN Architecture



WAIT WHAT … ?

Graph Convolution Network (GCN) CNN Architecture



CNN CANNOT HANDLE NON-EUCLIDEAN DOMAIN

Graph Convolution Network (GCN) CNN Architecture



Spectral Graph Theory 101



WHAT IS A GRAPH?

Graph Convolution Network (GCN) Spectral Graph Theory 101Source: Stanford Spectral Graph Theory



MATRIX REPRESENTATION OF A GRAPH

Graph Convolution Network (GCN) Source: Stanford Spectral Graph Theory Spectral Graph Theory 101



ADJACENCY MATRIX

Graph Convolution Network (GCN) Source: Stanford Spectral Graph Theory Spectral Graph Theory 101
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DEGREE MATRIX

Graph Convolution Network (GCN) Source: Stanford Spectral Graph Theory Spectral Graph Theory 101
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LAPLACIAN MATRIX

Graph Convolution Network (GCN) Source: Stanford Spectral Graph Theory Spectral Graph Theory 101
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SPECTRAL GRAPH PARTIONING

Graph Convolution Network (GCN) Source: Stanford Spectral Graph Theory Spectral Graph Theory 101
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Graph Convolution Network (GCN) GCN Architecture

EIGEN DECOMPOSITION

Source: Stanford Spectral Graph Theory
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FOURIER (SPECTRAL) DOMAIN

Source: Stanford Spectral Graph Theory

Eigenvalues – lambda 0 to n
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FOURIER (SPECTRAL) DOMAIN

Source: Stanford Spectral Graph Theory



Graph Convolution Network (GCN) GCN ArchitectureSource: Stanford Spectral Graph Theory

FOURIER BASIS OF A GRAPH



Graph Convolution Network (GCN) GCN Architecture

FOURIER BASIS OF A GRAPH

Source: Stanford Spectral Graph Theory

The first 4 eigenvectors



Graph Convolution Network (GCN) GCN ArchitectureSource: Stanford Spectral Graph Theory

The first 13 eigenvectors

FOURIER BASIS OF A GRAPH



Graph Convolution Network (GCN) GCN ArchitectureSource: Stanford Spectral Graph Theory

FOURIER BASIS OF A GRAPH



Graph Convolution Network
(GCN)



RECALL – ON GRID

Graph Convolution Network (GCN) GCN ArchitectureSource: Thomas Kipf - University of Amsterdam
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SEMI-SUPERVISED LEARNING WITH GCN

Graph Convolution Network (GCN) GCN Architecture

On random graph

Source: Thomas Kipf - University of Amsterdam
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Update Rule:  Localized 1st Order Chebyshev 
Approximation of Spectral Filter

Source: Thomas Kipf - University of Amsterdam

W0

W1

SEMI-SUPERVISED LEARNING WITH GCN
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Vectorization Form:

Renormalize Trick: (Kipf, 2018)

Ln = D-1/2 L D-1/2 = In – D-1/2A D-1/2

Ln =      -1/2 -1/2

Source: Thomas Kipf - University of Amsterdam

SEMI-SUPERVISED LEARNING WITH GCN



CONVOLUTION IN SPECTRAL DOMAIN

Graph Convolution Network (GCN) GCN ArchitectureSource: Thomas Kipf - University of Amsterdam

1. Get embedding for every nodes

2. Train classifier on every node

2. Evaluate loss on labels nodes only



CONVOLUTION IN SPECTRAL DOMAIN

Graph Convolution Network (GCN) GCN ArchitectureSource: Thomas Kipf - University of Amsterdam

Example of a latent (embedded) representation coming out of a hidden layer:



Graph Convolution Network (GCN) GCN ArchitectureSource: Thomas Kifp – Switzerland

PERFORMANCE ON CITATION NETWORK



Thank You!
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APPENDIX:



GCN ARCHITECTURE

Graph Convolution Network (GCN) GCN ArchitectureSource: Nanyang Technological University - Singapore



Graph Convolution Network (GCN) GCN ArchitectureSource: Nanyang Technological University - Singapore

HEAT DIFUSION OF GRAPH



Graph Convolution Network (GCN) GCN ArchitectureSource: Nanyang Technological University - Singapore

CONVOLUTION IN SPECTRAL DOMAIN

Chebyshev Approximation to Kth order where K << N



Graph Convolution Network (GCN) GCN ArchitectureSource: Nanyang Technological University - Singapore

GRAPH COARSENING – MAX POOLING



Graph Convolution Network (GCN) GCN ArchitectureSource: Nanyang Technological University - Singapore

GRAPH COARSENING – MAX POOLING



GRAPH COARSENING – MAX POOLING

Graph Convolution Network (GCN) GCN ArchitectureSource: Nanyang Technological University - Singapore

NP-Hard


