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Overview Today’s Lecture

• Motivation 
‣ Graph neural networks and neural message passing 
‣ Machine learning on graphs 

• Convolutions in Time, Space and on Graphs 

• Graph Neural Networks and Graph Convolutional Networks 

• Graphs and Graph Shift Operators
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Traditional vs. Deep End-to-End Training
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Deep Learning for Data on "Grids"
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Graph-Structured / Relational Data
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Graph-Structured / Relational Data
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Graph Neural Networks
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Graph Neural Networks
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"Classic" Spatial Convolution Filter (3x3 here)
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[1] Vincent Dumoulin, Francesco Visin - A guide to convolution arithmetic for deep learning
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Convolutional Neural Networks (on Grids)
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- Does not consider pairwise interactions
- No support for different edge types
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Graph Neural Networks
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Graph Neural Networks
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Graph Neural Networks
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Neural Message Passing
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Neural Message Passing
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Gated GNNs
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Graph Convolutional Neural Networks (GCNs)
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Graph Neural Networks: Message Passing
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Graph Neural Networks: Message Passing (synchronous - all to all)
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Graph Neural Networks: Output
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Output Example: Binary Node Classification
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Overview Today’s Lecture

• Motivation 
‣ Graph neural networks and neural message passing 
‣ Machine learning on graphs 

• Convolutions in Time, in Space and on Graphs 

• Graph Neural Networks and Graph Convolutional Networks 

• Graphs and Graph Shift Operators
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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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Time and Space can be Represented as Graphs
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Convolutions in Time and Space
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Arbitrary Graphs
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Convolutions on Graphs
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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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Objectives of This Part of the Course
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Some Interim Remarks...
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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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Normalized Graph Representations
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Normalized Graph Representations
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Graph Shift Operator
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