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Graphs
Graphs are denoted as G = (V ,E)

V ≜ Set of Vertices or Nodes
E ≜ Set of Edges

With |V| = n, the Adjacency Matrix A∈ Rn×n indicates if a pair of vertices is
connected such as

A=



0 0 1 0 0 0
0 0 1 0 0 0
1 1 0 1 1 0
0 0 1 0 1 0
0 0 1 1 0 1
0 0 0 0 1 0


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Graphs

With |V| = n, the Degree Matrix D ∈ Rn×n indicates how many edges
terminate in each vertex

D =



1 0 0 0 0 0
0 1 0 0 0 0
0 0 4 0 0 0
0 0 0 2 0 0
0 0 0 0 3 0
0 0 0 0 1 1


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Examples
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Graphs are Everywhere
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Graphs are Everywhere



6/26

FSAN/ELEG815

Machine Learning Problems With Graph Data
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Graph Data Problems
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Fundamental Idea of GNNs

Learning a Neural Network suitable representation of graph data
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How GNNs Work
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Adjacency Matrix
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Node Degree

D =


1 0 0 0 0
0 2 0 0 0
0 0 3 0 0
0 0 0 1 0
0 0 0 0 1


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Message Passing - Simple Form
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Message Passing - Average of Messages
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Message Passing - Average of Messages
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Message Passing - Self Connection for Message Passing

Â=


1 0 0 0 0
0 1 1 0 1
0 1 1 1 0
0 0 1 1 0
0 1 0 0 1


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Graph Convolutional Networks - Simple Average
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Graph Convolutional Networks - Weighted Average
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Graph Convolutional Networks - Weighted Average
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Graph Convolutional Networks
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Graph Attention Networks
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GAT - Attention values
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GAT - Attention values
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GAT - Attention values
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GAT - Attention Aggregation
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GAT - Attention Aggregation

Multihead-Attention (with k = 3 heads) by node 1 on its neighborhood. Different arrow
styles and colors denote independent attention computations. The aggregated features from
each head are concatenated or averaged to obtain

−→
h′

1



26/26

FSAN/ELEG815

GNN - Examples

Knowledge Graph for Social
Relationship Understanding


