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Overview Today’s Lecture

• Brief Recap 

• Graph Signals & Graph Convolutional Filters 

• Graph Neural Networks vs Fully Connected Graph Networks 

• Permutation Equivariance
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Graphs are Common...
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Authorship Attribution with Word Adjacency Networks
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Recommendation System with Collaborative Filtering
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Neural Networks and Convolutional Neural Networks
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Convolutional Neural Networks and Graph Neural Networks
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Neural Networks
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Convolutional Neural Networks (CNNs)
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When we Think of  Time Signal as Supported by a Line Graph
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Graph Neural Networks (GNNs)
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Graph Neural Networks (GNNs)
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Nodes, Edges, Weights
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Directed Graphs
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Symmetric Graphs
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Unweighted Graph
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Weighted Symmetric Graph
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Adjacency Matrix
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Adjacency Matrix for Unweighted Graph
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Neighborhood and Degree
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Degree Matrix
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Laplacian Matrix
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Graph Shift Operator
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Graph Signals
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Graph Signal Diffusion
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Diffusion Sequence
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Observations about Diffusion Sequences
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Graph Filters
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From Local to Global Information
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Transferability of Filters Across Graphs
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Graph Convolution Filters as Diffusion Operators
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Convolutions in Time
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Time Signals Represented as Graph Signals
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The Convolution as a Polynomial on the Line Adjacency  
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The Time Convolution Gneralized to Arbitrary Graphs
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Empirical Risk Minimization
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Empirical Risk Minimization with Graph Signals
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Learning with Graph Convolutional Filters
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When the Output is Not a Graph Signal: Readout
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Pointwise Nonlinearity
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Learning with a Graph Perceptron
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Graph Neural Network (GNN)
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The GNN Layer Recursion
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GNN Block Diagram
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GNN Block Diagram
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GNN Block Diagram
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Components of a Graph Neural Network 
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Components of a Graph Neural Network 
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Components of a Graph Neural Network 
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Learning a Graph Neural Network 
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Graph Neural Networks and Graph Filters
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The Road not Taken: Fully Convolutional Neural Networks
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Learning with a Linear Classifier
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Learning with a Linear Perceptron
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Fully Connected Neural Network
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Fully Connected Neural Network
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Fully Connected Neural Network
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Fully Connected Neural Network
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Which is Better: Graph NN or Fully Connected NN
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Generalization with a Neural Network
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Generalization with a Graph Neural Network
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Permutation Equivariance of GNNs
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Permutation Matrices
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Permutation Matrices
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Relabelling of Graph Signals
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Graph Filters and the Permutation of Graph Signals
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Permutation Equivariance of Graph Filters
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Proof of Permutation Equivariance of Graph Filters
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Graph Filter Processing is Independent of Graph Labeling
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Graph Filter Processing is Independent of Graph Labeling
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Graph Filter Processing is Independent of Graph Labeling
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GNNs and Permutations of Graph Signals
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Proof of Permutation Equivariance of GNNs
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GNNs Processing is Independent of Labeling
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GNNs Processing is Independent of Labeling
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Equivariance to Permutations and Signal Symmetries
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Symmetry is Rare but Quasi-Symmetry is Common
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