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graphs provide mathematical representation of networks
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The field of network science
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from edge attributes to node attributes 
from graphs to graph-structured data
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Graph-structured data are pervasive
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• signal  
- temperature records in these 

regions

• vertices  
- geographical regions 
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- geographical proximity between 
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• nodes  
- road junctions  
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- road connections
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Graph-structured data are pervasive
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• signal  
- traffic congestion at junctions

• nodes  
- road junctions  

• edges 
- road connections
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Graph-structured data are pervasive
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• nodes  
- individuals 

• edges 
- friendship between individuals
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Graph-structured data are pervasive
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• signal  
- political view

• nodes  
- individuals 

• edges 
- friendship between individuals
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Graph-structured data are pervasive
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• nodes  
- brain regions 

• edges  
- structural connectivity between 

brain regions
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Graph-structured data are pervasive
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• signal  
- blood-oxygen-level-dependent 

(BOLD) time series

• nodes  
- brain regions 

• edges  
- structural connectivity between 

brain regions

Richiardi et al., “Machine learning with brain graphs,” IEEE Signal Processing Magazine, 2013.



/56

Graph-structured data are pervasive
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• signal  
- pixel values

• nodes  
- pixels 

• edges 
- spatial proximity between pixels
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Learning with graph-structured data
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(supervised) graph-wise classification

is it a 2? 
is it a 4?

condition? 
no condition?
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Learning with graph-structured data
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(semi-supervised) node-wise classification
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(semi-supervised) node-wise classification
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Learning with graph-structured data
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(semi-supervised) node-wise classification
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Learning with graph-structured data
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learning graph structure from data

… …
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learning graph structure from data

… …
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How to incorporate graph into learning?
• Embedding of graph structure leads to information loss
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graph embedding

…… +

node features

…

labels
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How to incorporate graph into learning?
• Embedding of graph structure leads to information loss
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graph embedding

…… +

node features

…

labels

• Need for new models that directly incorporate structure in data analysis 
- graph signal processing (GSP) 

- graph neural networks (GNN)
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Outline
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• Graph signal processing (GSP): Basic concepts

• Graph spectral filtering: Basic tools of GSP

• Graph neural networks (GNNs)

• Applications
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Graph signal processing (GSP)
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! Graph-structured data can be represented by signals defined on graphs 
or graph signals
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! Graph-structured data can be represented by signals defined on graphs 
or graph signals
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Graph signal processing (GSP)
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data (values at vertices)

! Graph-structured data can be represented by signals defined on graphs 
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Graph signal processing (GSP)
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how to generalise classical signal processing tools 
on irregular domains such as graphs?
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! Main GSP approaches can be categorised into two families: 
- vertex (spatial) domain designs 

- frequency (graph spectral) domain designs
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! Main GSP approaches can be categorised into two families: 
- vertex (spatial) domain designs 

- frequency (graph spectral) domain designs

important for analysis of signal properties

v1

v2
v3 v4

v5
v6v7v8

v9

f : V ! R
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- “building blocks” of signal 

- different frequency (oscillation)
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Graph signal processing (GSP)
• Classical Fourier transform provides frequency domain representation of 

signals

 17

• What about a notion of frequency for graph 
signals?

- “building blocks” of signal 

- different frequency (oscillation)

v1

v2
v3 v4

v5
v6v7v8

v9

f : V ! R
<latexit sha1_base64="OGs0U0KO78H84mc7AuzHStGf60k=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiKK6KblxWsQ/oDCWTZtrQTDIkGbUM8wH+h3u3+gvuxJXgB/gZZqazsK0HAodzzuXeHD9iVGnb/rJKS8srq2vl9crG5tb2TnV3r61ELDFpYcGE7PpIEUY5aWmqGelGkqDQZ6Tjj68yv3NPpKKC3+lJRLwQDTkNKEbaSP1qLbhwQ6RHGLGknbqSDkcaSSkeYC77fnKbmpRdt3PAReIUpAYKNPvVH3cgcBwSrjFDSvUcO9JegqSmmJG04saKRAiP0ZD0DOUoJMpL8s+k8MgoAxgIaR7XMFf/TiQoVGoS+iaZXajmvUz8z+vFOjj3EsqjWBOOp4uCmEEtYNYMHFBJsGYTQxCW1NwK8QhJhLXpb2YLeZx2pLJqnPkiFkn7pO7YdefmtNa4LEoqgwNwCI6BA85AA1yDJmgBDJ7AC3gFb9az9W59WJ/TaMkqZvbBDKzvX74XpeY=</latexit><latexit sha1_base64="OGs0U0KO78H84mc7AuzHStGf60k=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiKK6KblxWsQ/oDCWTZtrQTDIkGbUM8wH+h3u3+gvuxJXgB/gZZqazsK0HAodzzuXeHD9iVGnb/rJKS8srq2vl9crG5tb2TnV3r61ELDFpYcGE7PpIEUY5aWmqGelGkqDQZ6Tjj68yv3NPpKKC3+lJRLwQDTkNKEbaSP1qLbhwQ6RHGLGknbqSDkcaSSkeYC77fnKbmpRdt3PAReIUpAYKNPvVH3cgcBwSrjFDSvUcO9JegqSmmJG04saKRAiP0ZD0DOUoJMpL8s+k8MgoAxgIaR7XMFf/TiQoVGoS+iaZXajmvUz8z+vFOjj3EsqjWBOOp4uCmEEtYNYMHFBJsGYTQxCW1NwK8QhJhLXpb2YLeZx2pLJqnPkiFkn7pO7YdefmtNa4LEoqgwNwCI6BA85AA1yDJmgBDJ7AC3gFb9az9W59WJ/TaMkqZvbBDKzvX74XpeY=</latexit><latexit sha1_base64="OGs0U0KO78H84mc7AuzHStGf60k=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiKK6KblxWsQ/oDCWTZtrQTDIkGbUM8wH+h3u3+gvuxJXgB/gZZqazsK0HAodzzuXeHD9iVGnb/rJKS8srq2vl9crG5tb2TnV3r61ELDFpYcGE7PpIEUY5aWmqGelGkqDQZ6Tjj68yv3NPpKKC3+lJRLwQDTkNKEbaSP1qLbhwQ6RHGLGknbqSDkcaSSkeYC77fnKbmpRdt3PAReIUpAYKNPvVH3cgcBwSrjFDSvUcO9JegqSmmJG04saKRAiP0ZD0DOUoJMpL8s+k8MgoAxgIaR7XMFf/TiQoVGoS+iaZXajmvUz8z+vFOjj3EsqjWBOOp4uCmEEtYNYMHFBJsGYTQxCW1NwK8QhJhLXpb2YLeZx2pLJqnPkiFkn7pO7YdefmtNa4LEoqgwNwCI6BA85AA1yDJmgBDJ7AC3gFb9az9W59WJ/TaMkqZvbBDKzvX74XpeY=</latexit><latexit sha1_base64="OGs0U0KO78H84mc7AuzHStGf60k=">AAACInicbVDLSgMxFM3UV62vqks3wSK4KjMiKK6KblxWsQ/oDCWTZtrQTDIkGbUM8wH+h3u3+gvuxJXgB/gZZqazsK0HAodzzuXeHD9iVGnb/rJKS8srq2vl9crG5tb2TnV3r61ELDFpYcGE7PpIEUY5aWmqGelGkqDQZ6Tjj68yv3NPpKKC3+lJRLwQDTkNKEbaSP1qLbhwQ6RHGLGknbqSDkcaSSkeYC77fnKbmpRdt3PAReIUpAYKNPvVH3cgcBwSrjFDSvUcO9JegqSmmJG04saKRAiP0ZD0DOUoJMpL8s+k8MgoAxgIaR7XMFf/TiQoVGoS+iaZXajmvUz8z+vFOjj3EsqjWBOOp4uCmEEtYNYMHFBJsGYTQxCW1NwK8QhJhLXpb2YLeZx2pLJqnPkiFkn7pO7YdefmtNa4LEoqgwNwCI6BA85AA1yDJmgBDJ7AC3gFb9az9W59WJ/TaMkqZvbBDKzvX74XpeY=</latexit>

we need the graph Laplacian matrix
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v1

v2

v3

v4 v5

v6

v7
v8

weighted and undirected graph:

G = {V, E}

W
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Graph Laplacian

 18

v1

v2

v3

v4 v5

v6

v7
v8

weighted and undirected graph:

0

BBBBBBBBBB@

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

1

CCCCCCCCCCA

G = {V, E}

WD

D = diag(d(v1), · · · , d(vN ))
<latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit>
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Graph Laplacian
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v1

v2

v3

v4 v5

v6

v7
v8

weighted and undirected graph:

equivalent to G! 

0

BBBBBBBBBB@

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

1

CCCCCCCCCCA

! symmetric 

! off-diagonal entries non-positive 

! rows sum up to zero

G = {V, E}

W LD

L = D �W
<latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit><latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit><latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit><latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit>

D = diag(d(v1), · · · , d(vN ))
<latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit>

Lnorm = D� 1
2 (D �W )D� 1

2
<latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit>
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v1

v2

v3

v4 v5

v6

v7
v8

weighted and undirected graph:

equivalent to G! 

0

BBBBBBBBBB@

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

1

CCCCCCCCCCA

! symmetric 

! off-diagonal entries non-positive 

! rows sum up to zero

G = {V, E}

W LD

L = D �W
<latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit><latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit><latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit><latexit sha1_base64="SkU0GGpgUn5NzI5VLaynfG9zEnI=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhBsDHciaCMEtbCwiOAlgeQIe5u9ZMne3rE7J4SQ32BjoYitP8jOf+MmuUITHww83pthZl6YSmHQdb+dpeWV1bX1wkZxc2t7Z7e0t183SaYZ91kiE90MqeFSKO6jQMmbqeY0DiVvhIObid944tqIRD3iMOVBTHtKRIJRtJJ/f3V72uiUym7FnYIsEi8nZchR65S+2t2EZTFXyCQ1puW5KQYjqlEwycfFdmZ4StmA9njLUkVjboLR9NgxObZKl0SJtqWQTNXfEyMaGzOMQ9sZU+ybeW8i/ue1Mowug5FQaYZcsdmiKJMEEzL5nHSF5gzl0BLKtLC3EtanmjK0+RRtCN78y4ukflbx3Ir3cF6uXudxFOAQjuAEPLiAKtxBDXxgIOAZXuHNUc6L8+58zFqXnHzmAP7A+fwBxXON/Q==</latexit>

D = diag(d(v1), · · · , d(vN ))
<latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit><latexit sha1_base64="g0ItODg/32vxWBxIIlCwMgNpTJw=">AAACDHicbVDLSgMxFM34rPVVdekmWIQWSpkRQTdCUReupIJ9QGcomUzahmYeJHeKZegHuPFX3LhQxK0f4M6/MdPOQlsPBE7OOZfkHjcSXIFpfhtLyyura+u5jfzm1vbObmFvv6nCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7xK/daIScXD4B7GEXN80g94j1MCWuoWitcXNrAHSDxO+pOSVxp1rXLFpl4IqpLebstlnTKr5hR4kVgZKaIM9W7hy/ZCGvssACqIUh3LjMBJiAROBZvk7VixiNAh6bOOpgHxmXKS6TITfKwVD/dCqU8AeKr+nkiIr9TYd3XSJzBQ814q/ud1YuidOwkPohhYQGcP9WKBIcRpM9jjklEQY00IlVz/FdMBkYSC7i+vS7DmV14kzZOqZVatu9Ni7TKrI4cO0REqIQudoRq6QXXUQBQ9omf0it6MJ+PFeDc+ZtElI5s5QH9gfP4AcVqZ7Q==</latexit>

Lnorm = D� 1
2 (D �W )D� 1

2
<latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit>

Lnorm = D� 1
2 (D �W )D� 1

2
<latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit><latexit sha1_base64="G40rk+NS/3Ev4vyZqJRNrkqkmoc=">AAACHHicbVBNS8NAEN3Ur1q/oh69BItQDy1JFfQiFO3Bg4cKthWaWjbbTbt0swm7E7GE/BAv/hUvHhTx4kHw37j9OGjrg4HHezPMzPMizhTY9reRWVhcWl7JrubW1jc2t8ztnYYKY0lonYQ8lLceVpQzQevAgNPbSFIceJw2vcHFyG/eU6lYKG5gGNF2gHuC+Yxg0FLHPLrquEAfIBGhDNKz6l1SdH2JSeKkSTlNC9Vi83BW7Jh5u2SPYc0TZ0ryaIpax/x0uyGJAyqAcKxUy7EjaCdYAiOcpjk3VjTCZIB7tKWpwAFV7WT8XGodaKVr+aHUJcAaq78nEhwoNQw83Rlg6KtZbyT+57Vi8E/bCRNRDFSQySI/5haE1igpq8skJcCHmmAimb7VIn2sYwCdZ06H4My+PE8a5ZJjl5zr43zlfBpHFu2hfVRADjpBFXSJaqiOCHpEz+gVvRlPxovxbnxMWjPGdGYX/YHx9QOSYqGj</latexit>
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Why graph Laplacian?
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vi
<latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit>

vj1
<latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit><latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit><latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit><latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit>

vj2
<latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit><latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit><latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit><latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit>

vj3
<latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit><latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit><latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit><latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit>

vj4
<latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit><latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit><latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit><latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit>

(Lf)(i) = 4f(i)� [f(j1) + f(j2) + f(j3) + f(j4)]
<latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit><latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit><latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit><latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit>

�r2f
<latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit><latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit><latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit><latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit>

standard 5-point stencil for approximating

- approximation of the Laplace operator

Why graph Laplacian?
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- converges to the Laplace-Beltrami operator (given certain conditions) 

- provides a notion of “frequency” on graphs

vi
<latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit>

vj1
<latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit><latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit><latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit><latexit sha1_base64="MMoibnViGv7rQC7CiLUYHHmUZvY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbwma7adduNmF3UiihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo5bJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8PR3cxvj7k2IlGPOEm5H9OBEpFgFK3UHgf5U+BNg0rVrblzkFXiFaQKBRpB5avXT1gWc4VMUmO6npuin1ONgkk+Lfcyw1PKRnTAu5YqGnPj5/Nzp+TcKn0SJdqWQjJXf0/kNDZmEoe2M6Y4NMveTPzP62YY3fi5UGmGXLHFoiiTBBMy+530heYM5cQSyrSwtxI2pJoytAmVbQje8surpHVZ89ya93BVrd8WcZTgFM7gAjy4hjrcQwOawGAEz/AKb07qvDjvzseidc0pZk7gD5zPH0xuj4c=</latexit>

vj2
<latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit><latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit><latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit><latexit sha1_base64="0WpiUtTuwSLZ3suMV9SflJtIxbU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66RVq3pu1Xu4qtRv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdN84+I</latexit>

vj3
<latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit><latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit><latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit><latexit sha1_base64="gNwBRORUkG0svNV4vLepOappi8M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaEDbbbbt2swm7k0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHdzO/NebaiFg94iThfkQHSvQFo2il1jjInoLLaVCuuFV3DrJKvJxUIEc9KH91ezFLI66QSWpMx3MT9DOqUTDJp6VuanhC2YgOeMdSRSNu/Gx+7pScWaVH+rG2pZDM1d8TGY2MmUSh7YwoDs2yNxP/8zop9m/8TKgkRa7YYlE/lQRjMvud9ITmDOXEEsq0sLcSNqSaMrQJlWwI3vLLq6R5UfXcqvdwVand5nEU4QRO4Rw8uIYa3EMdGsBgBM/wCm9O4rw4787HorXg5DPH8AfO5w9PeI+J</latexit>

vj4
<latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit><latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit><latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit><latexit sha1_base64="OCG9IK2LIUnKt4ohP8DOu+UBQsQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Ae0IWy223btZhN2J4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1LDpVC8iQIl7ySa0yiUvB2O7+Z+e8K1EbF6xGnC/YgOlRgIRtFK7UmQPQW1WVCuuFV3AbJOvJxUIEcjKH/1+jFLI66QSWpM13MT9DOqUTDJZ6VeanhC2ZgOeddSRSNu/Gxx7oxcWKVPBrG2pZAs1N8TGY2MmUah7YwojsyqNxf/87opDm78TKgkRa7YctEglQRjMv+d9IXmDOXUEsq0sLcSNqKaMrQJlWwI3urL66R1VfXcqvdQq9Rv8ziKcAbncAkeXEMd7qEBTWAwhmd4hTcncV6cd+dj2Vpw8plT+APn8wdQ/Y+K</latexit>

(Lf)(i) = 4f(i)� [f(j1) + f(j2) + f(j3) + f(j4)]
<latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit><latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit><latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit><latexit sha1_base64="mSF8IO4PcIrqqTkYHHRwp+81fm4=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgJ0pLUgm6EohsXLirYB6QhTKaTduzkwcxEKKFf4cZfceNCEbfizr9x2nShrReGczjnXu7c4yeMCmlZ39rS8srq2npho7i5tb2zq+/tt0ScckyaOGYx7/hIEEYj0pRUMtJJOEGhz0jbH15N/PYD4YLG0Z0cJcQNUT+iAcVIKsnTy8ZNYBrUhBewFigsO4Fx79nmyQSqOZzmUDNdTy9ZFWtacJHYM1ICs2p4+le3F+M0JJHEDAnh2FYi3QxxSTEj42I3FSRBeIj6xFE0QiERbjY9awyPldKDQczViyScqr8nMhQKMQp91RkiORDz3kT8z3NSGZy7GY2SVJII54uClEEZw0lGsEc5wZKNFEGYU/VXiAeIIyxVkkUVgj1/8iJpVSu2VbFva6X65SyOAjgER8AANjgDdXANGqAJMHgEz+AVvGlP2ov2rn3krUvabOYA/Cnt8wfSXZor</latexit>

�r2f
<latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit><latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit><latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit><latexit sha1_base64="2+8ZFeB5iqb5LZu1Xh8egbpiWzY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpgh6LXjxWsB/QxrLZbtqlm03YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVuhc9RQNJH2sk7JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/eUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms//JQGjOUE4soUwLeythI6opQ5tSyYbgLb+8Slq1qudWvfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYxPMMrvDnovDjvzseiteDkM8fwB87nDy6XkIU=</latexit>

standard 5-point stencil for approximating

- approximation of the Laplace operator

Why graph Laplacian?
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f(1)
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f(8)

f : V ! RNgraph signal
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Graph Laplacian
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f(1)

f(2)

f(3)

f(4)
f(5)

f(6)

f(7)

f(8)

f : V ! RNgraph signal

Lf(i) =
NX

j=1

Wij(f(i)� f(j))

<latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit><latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit><latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit><latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit>
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f(1)

f(2)

f(3)

f(4)
f(5)

f(6)

f(7)

f(8)

a measure of “smoothness”

T

fTLf =
1

2

NX

i,j=1

Wij (f(i)� f(j))2

f : V ! RNgraph signal

Lf(i) =
NX

j=1

Wij(f(i)� f(j))

<latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit><latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit><latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit><latexit sha1_base64="zO2xf/xCtxo26vDvdM0iapzK8QA=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjpwpKIoJtC0Y0LkQr2AW0Mk+mknXbyYGYilJA/cOOvuHGhiFu37vwbJ20W2nrgwuGce7n3HjdiVEjT/NYWFpeWV1YLa8X1jc2tbX1ntynCmGPSwCELedtFgjAakIakkpF2xAnyXUZa7ugy81sPhAsaBndyHBHbR/2AehQjqSRHP7r2DFqGVdgVse8kw6qV3t/AlpPQYWpk1rFnDMtlRy+ZFXMCOE+snJRAjrqjf3V7IY59EkjMkBAdy4yknSAuKWYkLXZjQSKER6hPOooGyCfCTib/pPBQKT3ohVxVIOFE/T2RIF+Ise+qTh/JgZj1MvE/rxNL79xOaBDFkgR4usiLGZQhzMKBPcoJlmysCMKcqlshHiCOsFQRFlUI1uzL86R5UrHMinV7Wqpd5HEUwD44AAawwBmogStQBw2AwSN4Bq/gTXvSXrR37WPauqDlM3vgD7TPH9RQmfw=</latexit>

Zhou and Schölkopf, “A regularization framework for learning from graph data,” ICML Workshop, 2004.
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Graph Laplacian
•     has a complete set of orthonormal eigenvectors: 

 22

L L = �⇤�T
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�0 0

. . .
0 �N�1

3

75· · ·�0 �N-1

2

64
�0 0

. . .
0 �N�1

3

75· · ·

�0

�N-1

� ⇤ �T

T
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Graph Laplacian
•     has a complete set of orthonormal eigenvectors: 
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! Eigenvalues are usually sorted increasingly: 0 = �0 < �1  . . .  �N�1
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Shuman et al., “The emerging field of signal processing on graphs,” IEEE SPM, 2013.
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�0 �50�1

low frequency high frequency

�T
50L�50 = �50

! Eigenvectors associated with smaller eigenvalues have values that vary less rapidly 
along the edges

L = �⇤�T �T
0 L�0 = �0 = 0

Shuman et al., “The emerging field of signal processing on graphs,” IEEE SPM, 2013.
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Graph Fourier transform
• The Laplacian     admits the following eigendecomposition:
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Graph Fourier transform
• The Laplacian     admits the following eigendecomposition:
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L�` = �`�`L

one-dimensional Laplace operator: 

eigenfunctions: ej�x

Classical FT:

f(x) =
1

2�

Z
f̂(⇥)ej�xd⇥

f̂(�) =

Z
(ej�x)⇤f(x)dx

�r2
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Graph Fourier transform
• The Laplacian     admits the following eigendecomposition:
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Two special cases

 25Vandergheynst and Shuman, “Wavelets on graphs, an introduction,” Université de Provence, 2011.
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Graph Fourier transform
• Example on a simple graph

 27
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Outline

 28

• Graph signal processing (GSP): Basic concepts

• Graph spectral filtering: Basic tool of GSP

• Graph neural networks (GNNs)

• Applications
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Classical frequency filtering
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Classical FT: f̂(�) =

Z
(ej�x)⇤f(x)dx f(x) =

1

2�

Z
f̂(⇥)ej�xd⇥
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Classical frequency filtering
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ĝ(!)



/56

Graph spectral filtering

 30

f̂(`) = h�`, fi =
NX

i=1

�⇤
` (i)f(i) f(i) =

N�1X

`=0

f̂(`)�`(i)GFT:
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ĝ(�`)

` ` `



/56

Graph Laplacian revisited

 31

The Laplacian     is a difference operator:

GFT IGFT

f �⇤�T f

f̂(`) = h�`, fi =
NX

i=1
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` (i)f(i) f(i) =

N�1X
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f̂(`)�`(i)GFT:

�T f ⇤�T f
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Graph Laplacian revisited
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The Laplacian     is a difference operator:
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The Laplacian operator filters the signal in the spectral domain by its eigenvalues!

The Laplacian quadratic form: fTLf = ||L 1
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Graph transform/dictionary design
• Transforms and dictionaries can be designed through graph spectral 
filtering: Functions of graph Laplacian!

 32

GFT IGFT

f �T f ĝ(⇤)�T f �ĝ(⇤)�T f

ĝ(⇤)
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filtering: Functions of graph Laplacian!
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: function of L!ĝ(L)

GFT IGFT
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Graph transform/dictionary design
• Transforms and dictionaries can be designed through graph spectral 
filtering: Functions of graph Laplacian!

 32

! Important properties can be achieved by properly defining        , such 
as localisation of atoms

ĝ(L)

! Closely related to kernels and regularisation on graphs

Smola and Kondor, “Kernels and regularization on graphs”, COLT, 2003.

: function of L!ĝ(L)

GFT IGFT

f �T f ĝ(⇤)�T f �ĝ(⇤)�T f

ĝ(⇤)
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A practical example
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A practical example

 33

ĝ(L)

problem: we observe a noisy graph signal                 and wish to recoverf = y0 + ⌘ y0

y⇤ = argmin
y

{||y � f ||22 + �yTLy}

GFT IGFT
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A practical example

 33

ĝ(L)

problem: we observe a noisy graph signal                 and wish to recoverf = y0 + ⌘ y0

y⇤ = (I + �L)�1f

y⇤ = argmin
y

{||y � f ||22 + �yTLy}
data fitting term

“smoothness” assumption

remove noise by low-pass filtering 
in graph spectral domain!ĝ(L)

GFT IGFT

f �T f ĝ(⇤)�T f �ĝ(⇤)�T f

ĝ(⇤)

= �(1 + �⇤)�1�T f
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A practical example
• noisy image as observed noisy graph signal 

• regular grid graph (weights inversely proportional to pixel value difference)

 34
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<latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit><latexit sha1_base64="ocTLVc574NOAe/DoMycp9A9e/3g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPJ/dxvP6HSPJaPZpqgH9Gh5CFn1FipMe6XK27VXYCsEy8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAmelXqoxoWxCh9i1VNIItZ8tDp2RC6sMSBgrW9KQhfp7IqOR1tMosJ0RNSO96s3F/7xuasJbP+MySQ1KtlwUpoKYmMy/JgOukBkxtYQyxe2thI2ooszYbEo2BG/15XXSuqp6btVrXFdqd3kcRTiDc7gED26gBg9QhyYwQHiGV3hzxs6L8+58LFsLTj5zCn/gfP4A0QGM7g==</latexit> wij =
1

|f(i)� f(i)|
<latexit sha1_base64="nFm+SaNDsjfq+0JR+lSDlnHSUv4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZEBN0IRTcuK9gHtCFMppN27GQSZiZKSbNz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDa8yv3VPhKQhv1WjiDgB6nPqU4yUllxz/8FN6F0KL2DXFwgndpqM/Qo9Os7aOHXNslW1JoDzxM5JGeSou+ZXtxfiOCBcYYak7NhWpJwECUUxI2mpG0sSITxEfdLRlKOASCeZ3JHCQ630oB8KXVzBifp7I0GBlKPA05MBUgM562Xif14nVv65k1AexYpwPH3IjxlUIcxCgT0qCFZspAnCguq/QjxAOg+loyvpEOzZk+dJ86RqW1X75rRcu8zjKII9cAAqwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2P6WjByHd2wR8Ynz+PF5hz</latexit><latexit sha1_base64="nFm+SaNDsjfq+0JR+lSDlnHSUv4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZEBN0IRTcuK9gHtCFMppN27GQSZiZKSbNz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDa8yv3VPhKQhv1WjiDgB6nPqU4yUllxz/8FN6F0KL2DXFwgndpqM/Qo9Os7aOHXNslW1JoDzxM5JGeSou+ZXtxfiOCBcYYak7NhWpJwECUUxI2mpG0sSITxEfdLRlKOASCeZ3JHCQ630oB8KXVzBifp7I0GBlKPA05MBUgM562Xif14nVv65k1AexYpwPH3IjxlUIcxCgT0qCFZspAnCguq/QjxAOg+loyvpEOzZk+dJ86RqW1X75rRcu8zjKII9cAAqwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2P6WjByHd2wR8Ynz+PF5hz</latexit><latexit sha1_base64="nFm+SaNDsjfq+0JR+lSDlnHSUv4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZEBN0IRTcuK9gHtCFMppN27GQSZiZKSbNz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDa8yv3VPhKQhv1WjiDgB6nPqU4yUllxz/8FN6F0KL2DXFwgndpqM/Qo9Os7aOHXNslW1JoDzxM5JGeSou+ZXtxfiOCBcYYak7NhWpJwECUUxI2mpG0sSITxEfdLRlKOASCeZ3JHCQ630oB8KXVzBifp7I0GBlKPA05MBUgM562Xif14nVv65k1AexYpwPH3IjxlUIcxCgT0qCFZspAnCguq/QjxAOg+loyvpEOzZk+dJ86RqW1X75rRcu8zjKII9cAAqwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2P6WjByHd2wR8Ynz+PF5hz</latexit><latexit sha1_base64="nFm+SaNDsjfq+0JR+lSDlnHSUv4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQF5ZEBN0IRTcuK9gHtCFMppN27GQSZiZKSbNz46+4caGIW3/BnX/jpM1CWw/cy+Gce5m5x4sYlcqyvo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDa8yv3VPhKQhv1WjiDgB6nPqU4yUllxz/8FN6F0KL2DXFwgndpqM/Qo9Os7aOHXNslW1JoDzxM5JGeSou+ZXtxfiOCBcYYak7NhWpJwECUUxI2mpG0sSITxEfdLRlKOASCeZ3JHCQ630oB8KXVzBifp7I0GBlKPA05MBUgM562Xif14nVv65k1AexYpwPH3IjxlUIcxCgT0qCFZspAnCguq/QjxAOg+loyvpEOzZk+dJ86RqW1X75rRcu8zjKII9cAAqwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2P6WjByHd2wR8Ynz+PF5hz</latexit>

Shuman et al., “The emerging field of signal processing on graphs,” IEEE SPM, 2013.
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A practical example
• noisy image as observed noisy graph signal 

• regular grid graph (weights inversely proportional to pixel value difference)

 34Shuman et al., “The emerging field of signal processing on graphs,” IEEE SPM, 2013.
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More filtering operations

 35

low-pass filters: ĝ(L) = (I + �L)�1 = �(I + �⇤)�1�T

window kernel: windowed graph Fourier transform

adapted kernels: learn values of        directly from dataĝ(L)

parametric polynomials: ĝs(L) =
KX

k=0

↵skL
k = �(

KX

k=0

↵sk⇤
k)�T

shifted and dilated band-pass filters: spectral graph wavelets ĝ(sL)

ĝ(L)

GFT IGFT

f �T f ĝ(⇤)�T f �ĝ(⇤)�T f

ĝ(⇤)
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Outline

 36

• Graph signal processing (GSP): Basic concepts

• Graph spectral filtering: Basic tool of GSP

• Graph neural networks (GNNs)

• Applications
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CNNs exploit structure within data

 37

https://en.wikipedia.org/wiki/File:Typical_cnn.png

• checklist 
- convolution: translation equivariance 

- localisation: compact filters (independent of sample dimension) 

- multi-scale: compositionality 

- efficiency:          computational complexityO(N)
<latexit sha1_base64="EfJ9AjXByMx/etbdP4G2ASZLEw4=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjSutYB/QjiWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RkvLK6tr64WN4ubW9s5uaW+/qaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dJX5rUemNI/kvRnHzAvJQPKAU2Ks9NANiRlSItLbSeXmpFcqO1VnCrxI3JyUIUe9V/rq9iOahEwaKojWHdeJjZcSZTgVbFLsJprFhI7IgHUslSRk2kunqSf42Cp9HETKPmnwVP29kZJQ63Ho28kspZ73MvE/r5OY4MJLuYwTwySdHQoSgU2EswpwnytGjRhbQqjiNiumQ6IINbaooi3Bnf/yImmeVl2n6t6dlWuXeR0FOIQjqIAL51CDa6hDAygoeIZXeENP6AW9o4/Z6BLKdw7gD9DnD/OikiI=</latexit><latexit sha1_base64="EfJ9AjXByMx/etbdP4G2ASZLEw4=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjSutYB/QjiWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RkvLK6tr64WN4ubW9s5uaW+/qaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dJX5rUemNI/kvRnHzAvJQPKAU2Ks9NANiRlSItLbSeXmpFcqO1VnCrxI3JyUIUe9V/rq9iOahEwaKojWHdeJjZcSZTgVbFLsJprFhI7IgHUslSRk2kunqSf42Cp9HETKPmnwVP29kZJQ63Ho28kspZ73MvE/r5OY4MJLuYwTwySdHQoSgU2EswpwnytGjRhbQqjiNiumQ6IINbaooi3Bnf/yImmeVl2n6t6dlWuXeR0FOIQjqIAL51CDa6hDAygoeIZXeENP6AW9o4/Z6BLKdw7gD9DnD/OikiI=</latexit><latexit sha1_base64="EfJ9AjXByMx/etbdP4G2ASZLEw4=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjSutYB/QjiWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RkvLK6tr64WN4ubW9s5uaW+/qaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dJX5rUemNI/kvRnHzAvJQPKAU2Ks9NANiRlSItLbSeXmpFcqO1VnCrxI3JyUIUe9V/rq9iOahEwaKojWHdeJjZcSZTgVbFLsJprFhI7IgHUslSRk2kunqSf42Cp9HETKPmnwVP29kZJQ63Ho28kspZ73MvE/r5OY4MJLuYwTwySdHQoSgU2EswpwnytGjRhbQqjiNiumQ6IINbaooi3Bnf/yImmeVl2n6t6dlWuXeR0FOIQjqIAL51CDa6hDAygoeIZXeENP6AW9o4/Z6BLKdw7gD9DnD/OikiI=</latexit><latexit sha1_base64="EfJ9AjXByMx/etbdP4G2ASZLEw4=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjSutYB/QjiWTZtrQTGZIMkoZ+h9uXCji1n9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RkvLK6tr64WN4ubW9s5uaW+/qaNEUdagkYhU2yeaCS5Zw3AjWDtWjIS+YC1/dJX5rUemNI/kvRnHzAvJQPKAU2Ks9NANiRlSItLbSeXmpFcqO1VnCrxI3JyUIUe9V/rq9iOahEwaKojWHdeJjZcSZTgVbFLsJprFhI7IgHUslSRk2kunqSf42Cp9HETKPmnwVP29kZJQ63Ho28kspZ73MvE/r5OY4MJLuYwTwySdHQoSgU2EswpwnytGjRhbQqjiNiumQ6IINbaooi3Bnf/yImmeVl2n6t6dlWuXeR0FOIQjqIAL51CDa6hDAygoeIZXeENP6AW9o4/Z6BLKdw7gD9DnD/OikiI=</latexit>

https://en.wikipedia.org/wiki/File:Typical_cnn.png
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CNNs on graphs?

 38
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• checklist 
- convolution: how to do it on graphs? 

- localisation: what’s the notion of locality? 

- multi-scale: how to down-sample on graphs? 

- efficiency: how to keep the computational complexity low?
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Convolution on graphs

 39

time domain

classical convolution convolution on graphs

(f ⇤ g)(t) =
Z 1

�1
f(t� ⌧)g(⌧)d⌧

<latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit>

frequency domain

\(f ⇤ g)(!) = f̂(!) · ĝ(!)
<latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit>

?
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Convolution on graphs

 39

time domain

classical convolution convolution on graphs

(f ⇤ g)(t) =
Z 1

�1
f(t� ⌧)g(⌧)d⌧

<latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit>

frequency domain graph spectral domain

\(f ⇤ g)(�) =
�
(�T f) � ĝ

�
(�)

<latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit><latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit><latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit><latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit>

\(f ⇤ g)(!) = f̂(!) · ĝ(!)
<latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit>
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time domain

classical convolution convolution on graphs

(f ⇤ g)(t) =
Z 1

�1
f(t� ⌧)g(⌧)d⌧

<latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit><latexit sha1_base64="0Xae7JZADo9R2ECPOV9F6F6XH/4=">AAACK3icbVDLSsNAFJ34rPVVdenmYhHShSURQTeC6MZlBdsKTS2T6aQOTiZh5kYoof/jxl9xoQsfuPU/nLZZ+LownMM593LnnjCVwqDnvTkzs3PzC4ulpfLyyuraemVjs2WSTDPeZIlM9FVIDZdC8SYKlPwq1ZzGoeTt8PZs7LfvuDYiUZc4THk3pgMlIsEoWqlXOXUjCKhBGEDNxRrAMUAgFPbyPQsRDkfXeUEgcnEvQJrVYOBOsT+GXqXq1b1JwV/iF6RKimr0Kk9BP2FZzBUySY3p+F6K3ZxqFEzyUTnIDE8pu6UD3rFU0Zibbj65dQS7VulDlGj7FMJE/T6R09iYYRzazpjijfntjcX/vE6G0VE3FyrNkCs2XRRlEjCBcXDQF5ozlENLKNPC/hXYDdWUoY23bEPwf5/8l7T2675X9y8OqienRRwlsk12iEt8ckhOyDlpkCZh5J48khfy6jw4z8678zFtnXGKmS3yo5zPLxI9pTY=</latexit>

frequency domain graph spectral domain

\(f ⇤ g)(�) =
�
(�T f) � ĝ

�
(�)

<latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit><latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit><latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit><latexit sha1_base64="KtFcd8BDaZMyj8thgzqoX3GS37g="></latexit>

\(f ⇤ g)(!) = f̂(!) · ĝ(!)
<latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit><latexit sha1_base64="f7LR5RZ3DaLylvVliULdlblDZ4k="></latexit>

node domain

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>



/56

Convolution on graphs

 40

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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parametric filter as polynomial of eigenvalues

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>
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j
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Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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parametric filter as polynomial of eigenvalues

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
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what do powers of graph Laplacian capture?
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Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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parametric filter as polynomial of eigenvalues
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(localisation within K-hop neighbourhood)

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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parametric filter as polynomial of eigenvalues

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

ĝ✓(�) =
KX

j=0

✓j�
j , ✓ 2 RK+1

<latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit><latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit><latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit><latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit>

ĝ✓(L) =
KX

j=0

✓jL
j

<latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit><latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit><latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit><latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit>

(localisation within K-hop neighbourhood)K = 2
<latexit sha1_base64="21pQONc63n4gnZNSYCl9bllxfRQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvQheKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPlO2NUg==</latexit><latexit sha1_base64="21pQONc63n4gnZNSYCl9bllxfRQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvQheKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPlO2NUg==</latexit><latexit sha1_base64="21pQONc63n4gnZNSYCl9bllxfRQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvQheKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPlO2NUg==</latexit><latexit sha1_base64="21pQONc63n4gnZNSYCl9bllxfRQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvQheKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjsrq2vrG5uFreL2zu7efungsGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGN1M/dYT10bE6hHHCfcjOlAiFIyilR7urqq9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZqdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynaELzFl5dJs1rx3Ip3f16uXedxFOAYTuAMPLiAGtxCHRrAYADP8ApvjnRenHfnY9664uQzR/AHzucPlO2NUg==</latexit>

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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parametric filter as polynomial of eigenvalues

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

ĝ✓(�) =
KX

j=0

✓j�
j , ✓ 2 RK+1

<latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit><latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit><latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit><latexit sha1_base64="EwgDsfnxwuDXI27f5GHv/FmGGhU="></latexit>

ĝ✓(L) =
KX

j=0

✓jL
j

<latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit><latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit><latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit><latexit sha1_base64="JPiFyu+BMLR7UcSFzu7UsK+rBDE=">AAACGHicbVDLSgNBEJz1GeMr6tHLYBDiJe6KoJdA0ItgDhHMA7LJMjuZJJPMPpjpFcKyn+HFX/HiQRGvufk3TpI9aGJBQ1HVTXeXGwquwDS/jZXVtfWNzcxWdntnd28/d3BYV0EkKavRQASy6RLFBPdZDTgI1gwlI54rWMMd3U79xhOTigf+I4xD1vZI3+c9Tgloycmd2wMCcT9xbBgwIIXKGS5hW0WeEw9LZtKJ7xM8t5whrnSGTi5vFs0Z8DKxUpJHKapObmJ3Axp5zAcqiFItywyhHRMJnAqWZO1IsZDQEemzlqY+8Zhqx7PHEnyqlS7uBVKXD3im/p6IiafU2HN1p0dgoBa9qfif14qgd92OuR9GwHw6X9SLBIYAT1PCXS4ZBTHWhFDJ9a2YDogkFHSWWR2CtfjyMqlfFC2zaD1c5ss3aRwZdIxOUAFZ6AqV0R2qohqi6Bm9onf0YbwYb8an8TVvXTHSmSP0B8bkB5GMn3M=</latexit>

• checklist 
- convolution: expressed in the graph spectral domain 

- localisation: within K-hop neighbourhood 

- learning complexity: 

- computational complexity:           , no need for GFTO(K|E|)
<latexit sha1_base64="3V9/JasRt92AJDkMkkSDzNBon6Y=">AAACBHicbVDLSsNAFL2pr1pfUZfdBItQNyURQZdFEQQXVrAPaEOZTCft0MkkzEyEknbhxl9x40IRt36EO//GSRtEWw8MnDnnXu69x4sYlcq2v4zc0vLK6lp+vbCxubW9Y+7uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS9Sv3lPhKQhv1OjiLgB6nPqU4yUlrpmsRMgNcCIJTeT8vX453c5GR91zZJdsaewFomTkRJkqHXNz04vxHFAuMIMSdl27Ei5CRKKYkYmhU4sSYTwEPVJW1OOAiLdZHrExDrUSs/yQ6EfV9ZU/d2RoEDKUeDpynRJOe+l4n9eO1b+mZtQHsWKcDwb5MfMUqGVJmL1qCBYsZEmCAuqd7XwAAmElc6toENw5k9eJI3jimNXnNuTUvU8iyMPRTiAMjhwClW4ghrUAcMDPMELvBqPxrPxZrzPSnNG1rMPf2B8fAPmcJg9</latexit><latexit sha1_base64="3V9/JasRt92AJDkMkkSDzNBon6Y=">AAACBHicbVDLSsNAFL2pr1pfUZfdBItQNyURQZdFEQQXVrAPaEOZTCft0MkkzEyEknbhxl9x40IRt36EO//GSRtEWw8MnDnnXu69x4sYlcq2v4zc0vLK6lp+vbCxubW9Y+7uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS9Sv3lPhKQhv1OjiLgB6nPqU4yUlrpmsRMgNcCIJTeT8vX453c5GR91zZJdsaewFomTkRJkqHXNz04vxHFAuMIMSdl27Ei5CRKKYkYmhU4sSYTwEPVJW1OOAiLdZHrExDrUSs/yQ6EfV9ZU/d2RoEDKUeDpynRJOe+l4n9eO1b+mZtQHsWKcDwb5MfMUqGVJmL1qCBYsZEmCAuqd7XwAAmElc6toENw5k9eJI3jimNXnNuTUvU8iyMPRTiAMjhwClW4ghrUAcMDPMELvBqPxrPxZrzPSnNG1rMPf2B8fAPmcJg9</latexit><latexit sha1_base64="3V9/JasRt92AJDkMkkSDzNBon6Y=">AAACBHicbVDLSsNAFL2pr1pfUZfdBItQNyURQZdFEQQXVrAPaEOZTCft0MkkzEyEknbhxl9x40IRt36EO//GSRtEWw8MnDnnXu69x4sYlcq2v4zc0vLK6lp+vbCxubW9Y+7uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS9Sv3lPhKQhv1OjiLgB6nPqU4yUlrpmsRMgNcCIJTeT8vX453c5GR91zZJdsaewFomTkRJkqHXNz04vxHFAuMIMSdl27Ei5CRKKYkYmhU4sSYTwEPVJW1OOAiLdZHrExDrUSs/yQ6EfV9ZU/d2RoEDKUeDpynRJOe+l4n9eO1b+mZtQHsWKcDwb5MfMUqGVJmL1qCBYsZEmCAuqd7XwAAmElc6toENw5k9eJI3jimNXnNuTUvU8iyMPRTiAMjhwClW4ghrUAcMDPMELvBqPxrPxZrzPSnNG1rMPf2B8fAPmcJg9</latexit><latexit sha1_base64="3V9/JasRt92AJDkMkkSDzNBon6Y=">AAACBHicbVDLSsNAFL2pr1pfUZfdBItQNyURQZdFEQQXVrAPaEOZTCft0MkkzEyEknbhxl9x40IRt36EO//GSRtEWw8MnDnnXu69x4sYlcq2v4zc0vLK6lp+vbCxubW9Y+7uNWQYC0zqOGShaHlIEkY5qSuqGGlFgqDAY6TpDS9Sv3lPhKQhv1OjiLgB6nPqU4yUlrpmsRMgNcCIJTeT8vX453c5GR91zZJdsaewFomTkRJkqHXNz04vxHFAuMIMSdl27Ei5CRKKYkYmhU4sSYTwEPVJW1OOAiLdZHrExDrUSs/yQ6EfV9ZU/d2RoEDKUeDpynRJOe+l4n9eO1b+mZtQHsWKcDwb5MfMUqGVJmL1qCBYsZEmCAuqd7XwAAmElc6toENw5k9eJI3jimNXnNuTUvU8iyMPRTiAMjhwClW4ghrUAcMDPMELvBqPxrPxZrzPSnNG1rMPf2B8fAPmcJg9</latexit>

O(K)
<latexit sha1_base64="j3VpMTEYWqOTFlLGEEFbCZKNDnw=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjeDCCvYB7VgyaaYNzWSGJKOUof/hxoUibv0Xd/6NmXYW2nogcDjnXu7J8WPBtXGcb7S0vLK6tl7YKG5ube/slvb2mzpKFGUNGolItX2imeCSNQw3grVjxUjoC9byR1eZ33pkSvNI3ptxzLyQDCQPOCXGSg/dkJghJSK9nVRuTnqlslN1psCLxM1JGXLUe6Wvbj+iScikoYJo3XGd2HgpUYZTwSbFbqJZTOiIDFjHUklCpr10mnqCj63Sx0Gk7JMGT9XfGykJtR6Hvp3MUup5LxP/8zqJCS68lMs4MUzS2aEgEdhEOKsA97li1IixJYQqbrNiOiSKUGOLKtoS3PkvL5LmadV1qu7dWbl2mddRgEM4ggq4cA41uIY6NICCgmd4hTf0hF7QO/qYjS6hfOcA/gB9/gDvE5If</latexit><latexit sha1_base64="j3VpMTEYWqOTFlLGEEFbCZKNDnw=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjeDCCvYB7VgyaaYNzWSGJKOUof/hxoUibv0Xd/6NmXYW2nogcDjnXu7J8WPBtXGcb7S0vLK6tl7YKG5ube/slvb2mzpKFGUNGolItX2imeCSNQw3grVjxUjoC9byR1eZ33pkSvNI3ptxzLyQDCQPOCXGSg/dkJghJSK9nVRuTnqlslN1psCLxM1JGXLUe6Wvbj+iScikoYJo3XGd2HgpUYZTwSbFbqJZTOiIDFjHUklCpr10mnqCj63Sx0Gk7JMGT9XfGykJtR6Hvp3MUup5LxP/8zqJCS68lMs4MUzS2aEgEdhEOKsA97li1IixJYQqbrNiOiSKUGOLKtoS3PkvL5LmadV1qu7dWbl2mddRgEM4ggq4cA41uIY6NICCgmd4hTf0hF7QO/qYjS6hfOcA/gB9/gDvE5If</latexit><latexit sha1_base64="j3VpMTEYWqOTFlLGEEFbCZKNDnw=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjeDCCvYB7VgyaaYNzWSGJKOUof/hxoUibv0Xd/6NmXYW2nogcDjnXu7J8WPBtXGcb7S0vLK6tl7YKG5ube/slvb2mzpKFGUNGolItX2imeCSNQw3grVjxUjoC9byR1eZ33pkSvNI3ptxzLyQDCQPOCXGSg/dkJghJSK9nVRuTnqlslN1psCLxM1JGXLUe6Wvbj+iScikoYJo3XGd2HgpUYZTwSbFbqJZTOiIDFjHUklCpr10mnqCj63Sx0Gk7JMGT9XfGykJtR6Hvp3MUup5LxP/8zqJCS68lMs4MUzS2aEgEdhEOKsA97li1IixJYQqbrNiOiSKUGOLKtoS3PkvL5LmadV1qu7dWbl2mddRgEM4ggq4cA41uIY6NICCgmd4hTf0hF7QO/qYjS6hfOcA/gB9/gDvE5If</latexit><latexit sha1_base64="j3VpMTEYWqOTFlLGEEFbCZKNDnw=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjeDCCvYB7VgyaaYNzWSGJKOUof/hxoUibv0Xd/6NmXYW2nogcDjnXu7J8WPBtXGcb7S0vLK6tl7YKG5ube/slvb2mzpKFGUNGolItX2imeCSNQw3grVjxUjoC9byR1eZ33pkSvNI3ptxzLyQDCQPOCXGSg/dkJghJSK9nVRuTnqlslN1psCLxM1JGXLUe6Wvbj+iScikoYJo3XGd2HgpUYZTwSbFbqJZTOiIDFjHUklCpr10mnqCj63Sx0Gk7JMGT9XfGykJtR6Hvp3MUup5LxP/8zqJCS68lMs4MUzS2aEgEdhEOKsA97li1IixJYQqbrNiOiSKUGOLKtoS3PkvL5LmadV1qu7dWbl2mddRgEM4ggq4cA41uIY6NICCgmd4hTf0hF7QO/qYjS6hfOcA/gB9/gDvE5If</latexit>

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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fast and stable implementation by Chebyshev approximation

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

L̃ =
2

�N�1
L� I

<latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit>

with a scaled Laplacian ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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fast and stable implementation by Chebyshev approximation

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

T0(x) = 1
<latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit><latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit><latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit><latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit>

T1(x) = x
<latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit><latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit><latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit><latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit>

Tk(x) = 2xTk�1(x)� Tk�2(x)
<latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit><latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit><latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit><latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit>

- recursively defined 

- orthogonal basis for
L2([�1, 1], dy/

p
1� y2)

<latexit sha1_base64="RCRpuWsyj4NW50FGLrVypzKJP7o=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWo0NZMEXRZdOPCRQX7gDQtk8mkHTp5ODMRQujCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxMxKqRpfmu5ldW19Y38ZmFre2d3T98/aIsw5pi0cMhC3nWQIIwGpCWpZKQbcYJ8h5GOM76a+p0HwgUNgzuZRMT20TCgHsVIKmmgF2/69bJVhRVoV9zktCfuuUxhNenXJycDvWTWzBmMZQIzUgIZmgP9q+eGOPZJIDFDQljQjKSdIi4pZmRS6MWCRAiP0ZBYigbIJ8JOZ09MjGOluIYXclWBNGbq74kU+UIkvqM6fSRHYtGbiv95Viy9CzulQRRLEuD5Ii9mhgyNaSKGSznBkiWKIMyputXAI8QRliq3ggoBLr68TNr1GjRr8Pas1LjM4siDIjgCZQDBOWiAa9AELYDBI3gGr+BNe9JetHftY96a07KZQ/AH2ucPfryWFg==</latexit><latexit sha1_base64="RCRpuWsyj4NW50FGLrVypzKJP7o=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWo0NZMEXRZdOPCRQX7gDQtk8mkHTp5ODMRQujCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxMxKqRpfmu5ldW19Y38ZmFre2d3T98/aIsw5pi0cMhC3nWQIIwGpCWpZKQbcYJ8h5GOM76a+p0HwgUNgzuZRMT20TCgHsVIKmmgF2/69bJVhRVoV9zktCfuuUxhNenXJycDvWTWzBmMZQIzUgIZmgP9q+eGOPZJIDFDQljQjKSdIi4pZmRS6MWCRAiP0ZBYigbIJ8JOZ09MjGOluIYXclWBNGbq74kU+UIkvqM6fSRHYtGbiv95Viy9CzulQRRLEuD5Ii9mhgyNaSKGSznBkiWKIMyputXAI8QRliq3ggoBLr68TNr1GjRr8Pas1LjM4siDIjgCZQDBOWiAa9AELYDBI3gGr+BNe9JetHftY96a07KZQ/AH2ucPfryWFg==</latexit><latexit sha1_base64="RCRpuWsyj4NW50FGLrVypzKJP7o=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWo0NZMEXRZdOPCRQX7gDQtk8mkHTp5ODMRQujCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxMxKqRpfmu5ldW19Y38ZmFre2d3T98/aIsw5pi0cMhC3nWQIIwGpCWpZKQbcYJ8h5GOM76a+p0HwgUNgzuZRMT20TCgHsVIKmmgF2/69bJVhRVoV9zktCfuuUxhNenXJycDvWTWzBmMZQIzUgIZmgP9q+eGOPZJIDFDQljQjKSdIi4pZmRS6MWCRAiP0ZBYigbIJ8JOZ09MjGOluIYXclWBNGbq74kU+UIkvqM6fSRHYtGbiv95Viy9CzulQRRLEuD5Ii9mhgyNaSKGSznBkiWKIMyputXAI8QRliq3ggoBLr68TNr1GjRr8Pas1LjM4siDIjgCZQDBOWiAa9AELYDBI3gGr+BNe9JetHftY96a07KZQ/AH2ucPfryWFg==</latexit><latexit sha1_base64="RCRpuWsyj4NW50FGLrVypzKJP7o=">AAACBHicbVDLSsNAFJ3UV62vqMtugkWo0NZMEXRZdOPCRQX7gDQtk8mkHTp5ODMRQujCjb/ixoUibv0Id/6N0zYLbT1w4XDOvdx7jxMxKqRpfmu5ldW19Y38ZmFre2d3T98/aIsw5pi0cMhC3nWQIIwGpCWpZKQbcYJ8h5GOM76a+p0HwgUNgzuZRMT20TCgHsVIKmmgF2/69bJVhRVoV9zktCfuuUxhNenXJycDvWTWzBmMZQIzUgIZmgP9q+eGOPZJIDFDQljQjKSdIi4pZmRS6MWCRAiP0ZBYigbIJ8JOZ09MjGOluIYXclWBNGbq74kU+UIkvqM6fSRHYtGbiv95Viy9CzulQRRLEuD5Ii9mhgyNaSKGSznBkiWKIMyputXAI8QRliq3ggoBLr68TNr1GjRr8Pas1LjM4siDIjgCZQDBOWiAa9AELYDBI3gGr+BNe9JetHftY96a07KZQ/AH2ucPfryWFg==</latexit>

L̃ =
2

�N�1
L� I

<latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit>

with a scaled Laplacian ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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fast and stable implementation by Chebyshev approximation

f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

T0(x) = 1
<latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit><latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit><latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit><latexit sha1_base64="/jwS2na/91tJVOef5Y4OZRpg9GQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoBch6MVjhLwwWcLspJMMmZ1dZmbFsOQvvHhQxKt/482/cZLsQRMLGoqqbrq7glhwbVz321lZXVvf2Mxt5bd3dvf2CweHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqd+8xGV5pGsmXGMfkgHkvc5o8ZKD7WuW3o6I9fE6xaKbtmdgSwTLyNFyFDtFr46vYglIUrDBNW67bmx8VOqDGcCJ/lOojGmbEQH2LZU0hC1n84unpBTq/RIP1K2pCEz9fdESkOtx2FgO0NqhnrRm4r/ee3E9K/8lMs4MSjZfFE/EcREZPo+6XGFzIixJZQpbm8lbEgVZcaGlLcheIsvL5PGedlzy979RbFyk8WRg2M4gRJ4cAkVuIMq1IGBhGd4hTdHOy/Ou/Mxb11xspkj+APn8wcZeo84</latexit>

T1(x) = x
<latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit><latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit><latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit><latexit sha1_base64="RsgndmiQVWKV6kJXFhxeCkTB7n4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXspGBL0IRS8eK/QL26Vk02wbms0uSVZalv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUZQ1aCQi1faJZoJL1jDcCNaOFSOhL1jLH93N/NYTU5pHsm4mMfNCMpA84JQYKz3We7g8Pkc3aNwrltyKOwdaJTgjJchQ6xW/uv2IJiGThgqidQe7sfFSogyngk0L3USzmNARGbCOpZKETHvp/OIpOrNKHwWRsiUNmqu/J1ISaj0JfdsZEjPUy95M/M/rJCa49lIu48QwSReLgkQgE6HZ+6jPFaNGTCwhVHF7K6JDogg1NqSCDQEvv7xKmhcV7Fbww2WpepvFkYcTOIUyYLiCKtxDDRpAQcIzvMKbo50X5935WLTmnGzmGP7A+fwBhqGPgA==</latexit>

Tk(x) = 2xTk�1(x)� Tk�2(x)
<latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit><latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit><latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit><latexit sha1_base64="vzozWbkujChqRpQq9UpHAgVYH3E=">AAACDHicbVC7SgNBFL0bXzG+opY2g0GIRcJuELQRgjaWEfKCZFlmJ7PJkNkHM7OSsOQDbPwVGwtFbP0AO//G2WQLTTwwcM6593LnHjfiTCrT/DZya+sbm1v57cLO7t7+QfHwqC3DWBDaIiEPRdfFknIW0JZiitNuJCj2XU477vg2rXceqJAsDJpqGlHbx8OAeYxgpS2nWGo64/LkHF2j2gQ1nWRcsWaprixELRW6y6yac6BVYmWkBBkaTvGrPwhJ7NNAEY6l7FlmpOwEC8UIp7NCP5Y0wmSMh7SnaYB9Ku1kfswMnWlngLxQ6BcoNHd/TyTYl3Lqu7rTx2okl2up+V+tFyvvyk5YEMWKBmSxyIs5UiFKk0EDJihRfKoJJoLpvyIywgITpfMr6BCs5ZNXSbtWtcyqdX9Rqt9kceThBE6hDBZcQh3uoAEtIPAIz/AKb8aT8WK8Gx+L1pyRzRzDHxifP4pmmB8=</latexit>

L̃ =
2

�N�1
L� I

<latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit><latexit sha1_base64="1kNYWibuBUtqnTDljzCLm2vgd0w=">AAACEXicbVDLSgMxFM3UV62vUZdugkXopmWmCLoRim4UilSwD+gMJZPJtKGZB0lGKGF+wY2/4saFIm7dufNvTNtZaOuBC4dz7k3uPV7CqJCW9W0UVlbX1jeKm6Wt7Z3dPXP/oCPilGPSxjGLec9DgjAakbakkpFewgkKPUa63vhq6ncfCBc0ju7lJCFuiIYRDShGUksDs+JIynyimhm8gE7AEVb1TDlMv+Cjgbqt2lnWhFV4MzDLVs2aAS4TOydlkKM1ML8cP8ZpSCKJGRKib1uJdBXikmJGspKTCpIgPEZD0tc0QiERrppdlMETrfgwiLmuSMKZ+ntCoVCISejpzhDJkVj0puJ/Xj+VwbmraJSkkkR4/lGQMihjOI0H+pQTLNlEE4Q51btCPEI6FqlDLOkQ7MWTl0mnXrOtmn13Wm5c5nEUwRE4BhVggzPQANegBdoAg0fwDF7Bm/FkvBjvxse8tWDkM4fgD4zPH7rdnEY=</latexit>

with a scaled Laplacian 

T0(L̃) = I
<latexit sha1_base64="/cqb0VCnDIj8ogZfYd4n/4QuwY4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QdKPgokJf0IYwmUzaoZMHMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPV7CmVSW9W2srK6tb2yWtsrbO7t7++ZBpSPjVBDaJjGPRc/DknIW0bZiitNeIigOPU673vhm6ncfqZAsjlpqklAnxMOIBYxgpSXXrLRcqzZQjPs0u89P0RW6c82qVbdmQMvELkgVCjRd82vgxyQNaaQIx1L2bStRToaFYoTTvDxIJU0wGeMh7Wsa4ZBKJ5vdnqMTrfgoiIWuSKGZ+nsiw6GUk9DTnSFWI7noTcX/vH6qgksnY1GSKhqR+aIg5UjFaBoE8pmgRPGJJpgIpm9FZIQFJkrHVdYh2IsvL5POWd226vbDebVxXcRRgiM4hhrYcAENuIUmtIHAEzzDK7wZufFivBsf89YVo5g5hD8wPn8A6S+TCw==</latexit><latexit sha1_base64="/cqb0VCnDIj8ogZfYd4n/4QuwY4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QdKPgokJf0IYwmUzaoZMHMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPV7CmVSW9W2srK6tb2yWtsrbO7t7++ZBpSPjVBDaJjGPRc/DknIW0bZiitNeIigOPU673vhm6ncfqZAsjlpqklAnxMOIBYxgpSXXrLRcqzZQjPs0u89P0RW6c82qVbdmQMvELkgVCjRd82vgxyQNaaQIx1L2bStRToaFYoTTvDxIJU0wGeMh7Wsa4ZBKJ5vdnqMTrfgoiIWuSKGZ+nsiw6GUk9DTnSFWI7noTcX/vH6qgksnY1GSKhqR+aIg5UjFaBoE8pmgRPGJJpgIpm9FZIQFJkrHVdYh2IsvL5POWd226vbDebVxXcRRgiM4hhrYcAENuIUmtIHAEzzDK7wZufFivBsf89YVo5g5hD8wPn8A6S+TCw==</latexit><latexit sha1_base64="/cqb0VCnDIj8ogZfYd4n/4QuwY4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QdKPgokJf0IYwmUzaoZMHMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPV7CmVSW9W2srK6tb2yWtsrbO7t7++ZBpSPjVBDaJjGPRc/DknIW0bZiitNeIigOPU673vhm6ncfqZAsjlpqklAnxMOIBYxgpSXXrLRcqzZQjPs0u89P0RW6c82qVbdmQMvELkgVCjRd82vgxyQNaaQIx1L2bStRToaFYoTTvDxIJU0wGeMh7Wsa4ZBKJ5vdnqMTrfgoiIWuSKGZ+nsiw6GUk9DTnSFWI7noTcX/vH6qgksnY1GSKhqR+aIg5UjFaBoE8pmgRPGJJpgIpm9FZIQFJkrHVdYh2IsvL5POWd226vbDebVxXcRRgiM4hhrYcAENuIUmtIHAEzzDK7wZufFivBsf89YVo5g5hD8wPn8A6S+TCw==</latexit><latexit sha1_base64="/cqb0VCnDIj8ogZfYd4n/4QuwY4=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSLUTUlE0I1QdKPgokJf0IYwmUzaoZMHMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPV7CmVSW9W2srK6tb2yWtsrbO7t7++ZBpSPjVBDaJjGPRc/DknIW0bZiitNeIigOPU673vhm6ncfqZAsjlpqklAnxMOIBYxgpSXXrLRcqzZQjPs0u89P0RW6c82qVbdmQMvELkgVCjRd82vgxyQNaaQIx1L2bStRToaFYoTTvDxIJU0wGeMh7Wsa4ZBKJ5vdnqMTrfgoiIWuSKGZ+nsiw6GUk9DTnSFWI7noTcX/vH6qgksnY1GSKhqR+aIg5UjFaBoE8pmgRPGJJpgIpm9FZIQFJkrHVdYh2IsvL5POWd226vbDebVxXcRRgiM4hhrYcAENuIUmtIHAEzzDK7wZufFivBsf89YVo5g5hD8wPn8A6S+TCw==</latexit>

T1(L̃) = L̃
<latexit sha1_base64="gqSaQ4fJ8EnRAC+g0TabaNbwob0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxC3ZREBN0IRTcuXFToC9oQJpNJO3TyYGYilFBw46+4caGIW3/CnX/jtA2irQcunDnnXube4yWcSWVZX0ZhaXllda24XtrY3NreMXf3WjJOBaFNEvNYdDwsKWcRbSqmOO0kguLQ47TtDa8nfvueCsniqKFGCXVC3I9YwAhWWnLNg4ZrV3qKcZ9mt+MTdIl+Hq5ZtqrWFGiR2DkpQ466a372/JikIY0U4VjKrm0lysmwUIxwOi71UkkTTIa4T7uaRjik0smmN4zRsVZ8FMRCV6TQVP09keFQylHo6c4Qq4Gc9ybif143VcGFk7EoSRWNyOyjIOVIxWgSCPKZoETxkSaYCKZ3RWSABSZKx1bSIdjzJy+S1mnVtqr23Vm5dpXHUYRDOIIK2HAONbiBOjSBwAM8wQu8Go/Gs/FmvM9aC0Y+sw9/YHx8A3lulsU=</latexit><latexit sha1_base64="gqSaQ4fJ8EnRAC+g0TabaNbwob0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxC3ZREBN0IRTcuXFToC9oQJpNJO3TyYGYilFBw46+4caGIW3/CnX/jtA2irQcunDnnXube4yWcSWVZX0ZhaXllda24XtrY3NreMXf3WjJOBaFNEvNYdDwsKWcRbSqmOO0kguLQ47TtDa8nfvueCsniqKFGCXVC3I9YwAhWWnLNg4ZrV3qKcZ9mt+MTdIl+Hq5ZtqrWFGiR2DkpQ466a372/JikIY0U4VjKrm0lysmwUIxwOi71UkkTTIa4T7uaRjik0smmN4zRsVZ8FMRCV6TQVP09keFQylHo6c4Qq4Gc9ybif143VcGFk7EoSRWNyOyjIOVIxWgSCPKZoETxkSaYCKZ3RWSABSZKx1bSIdjzJy+S1mnVtqr23Vm5dpXHUYRDOIIK2HAONbiBOjSBwAM8wQu8Go/Gs/FmvM9aC0Y+sw9/YHx8A3lulsU=</latexit><latexit sha1_base64="gqSaQ4fJ8EnRAC+g0TabaNbwob0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxC3ZREBN0IRTcuXFToC9oQJpNJO3TyYGYilFBw46+4caGIW3/CnX/jtA2irQcunDnnXube4yWcSWVZX0ZhaXllda24XtrY3NreMXf3WjJOBaFNEvNYdDwsKWcRbSqmOO0kguLQ47TtDa8nfvueCsniqKFGCXVC3I9YwAhWWnLNg4ZrV3qKcZ9mt+MTdIl+Hq5ZtqrWFGiR2DkpQ466a372/JikIY0U4VjKrm0lysmwUIxwOi71UkkTTIa4T7uaRjik0smmN4zRsVZ8FMRCV6TQVP09keFQylHo6c4Qq4Gc9ybif143VcGFk7EoSRWNyOyjIOVIxWgSCPKZoETxkSaYCKZ3RWSABSZKx1bSIdjzJy+S1mnVtqr23Vm5dpXHUYRDOIIK2HAONbiBOjSBwAM8wQu8Go/Gs/FmvM9aC0Y+sw9/YHx8A3lulsU=</latexit><latexit sha1_base64="gqSaQ4fJ8EnRAC+g0TabaNbwob0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSxC3ZREBN0IRTcuXFToC9oQJpNJO3TyYGYilFBw46+4caGIW3/CnX/jtA2irQcunDnnXube4yWcSWVZX0ZhaXllda24XtrY3NreMXf3WjJOBaFNEvNYdDwsKWcRbSqmOO0kguLQ47TtDa8nfvueCsniqKFGCXVC3I9YwAhWWnLNg4ZrV3qKcZ9mt+MTdIl+Hq5ZtqrWFGiR2DkpQ466a372/JikIY0U4VjKrm0lysmwUIxwOi71UkkTTIa4T7uaRjik0smmN4zRsVZ8FMRCV6TQVP09keFQylHo6c4Qq4Gc9ybif143VcGFk7EoSRWNyOyjIOVIxWgSCPKZoETxkSaYCKZ3RWSABSZKx1bSIdjzJy+S1mnVtqr23Vm5dpXHUYRDOIIK2HAONbiBOjSBwAM8wQu8Go/Gs/FmvM9aC0Y+sw9/YHx8A3lulsU=</latexit>

Tk(L̃) = 2L̃ Tk�1(L̃)� Tk�2(L̃)
<latexit sha1_base64="cC6wT8ajft8H1yQ14lpbQ5AJlyc=">AAACLHicbZDLSsNAFIYnXmu9RV26GSxCXbQkRdCNUOzGhYsKvUEbwmQyaYdOLsxMhBLi+7jxVQRxYRG3PofTNEhtPTDwz/efw8z5nYhRIQ1jqq2tb2xubRd2irt7+weH+tFxR4Qxx6SNQxbynoMEYTQgbUklI72IE+Q7jHSdcWPmdx8JFzQMWnISEctHw4B6FCOpkK03Wva4PJCUuSS5Ty/gDaz93p5adjKumOmiX4EZrC1CWy8ZVSMruCrMXJRAXk1bfxu4IY59EkjMkBB904iklSAuKWYkLQ5iQSKEx2hI+koGyCfCSrJlU3iuiAu9kKsTSJjRxYkE+UJMfEd1+kiOxLI3g/95/Vh611ZCgyiWJMDzh7yYQRnCWXLQpZxgySZKIMyp+ivEI8QRlirfogrBXF55VXRqVdOomg+XpfptHkcBnIIzUAYmuAJ1cAeaoA0weAav4ANMtRftXfvUvuata1o+cwL+lPb9A7H7pqU=</latexit><latexit sha1_base64="cC6wT8ajft8H1yQ14lpbQ5AJlyc=">AAACLHicbZDLSsNAFIYnXmu9RV26GSxCXbQkRdCNUOzGhYsKvUEbwmQyaYdOLsxMhBLi+7jxVQRxYRG3PofTNEhtPTDwz/efw8z5nYhRIQ1jqq2tb2xubRd2irt7+weH+tFxR4Qxx6SNQxbynoMEYTQgbUklI72IE+Q7jHSdcWPmdx8JFzQMWnISEctHw4B6FCOpkK03Wva4PJCUuSS5Ty/gDaz93p5adjKumOmiX4EZrC1CWy8ZVSMruCrMXJRAXk1bfxu4IY59EkjMkBB904iklSAuKWYkLQ5iQSKEx2hI+koGyCfCSrJlU3iuiAu9kKsTSJjRxYkE+UJMfEd1+kiOxLI3g/95/Vh611ZCgyiWJMDzh7yYQRnCWXLQpZxgySZKIMyp+ivEI8QRlirfogrBXF55VXRqVdOomg+XpfptHkcBnIIzUAYmuAJ1cAeaoA0weAav4ANMtRftXfvUvuata1o+cwL+lPb9A7H7pqU=</latexit><latexit sha1_base64="cC6wT8ajft8H1yQ14lpbQ5AJlyc=">AAACLHicbZDLSsNAFIYnXmu9RV26GSxCXbQkRdCNUOzGhYsKvUEbwmQyaYdOLsxMhBLi+7jxVQRxYRG3PofTNEhtPTDwz/efw8z5nYhRIQ1jqq2tb2xubRd2irt7+weH+tFxR4Qxx6SNQxbynoMEYTQgbUklI72IE+Q7jHSdcWPmdx8JFzQMWnISEctHw4B6FCOpkK03Wva4PJCUuSS5Ty/gDaz93p5adjKumOmiX4EZrC1CWy8ZVSMruCrMXJRAXk1bfxu4IY59EkjMkBB904iklSAuKWYkLQ5iQSKEx2hI+koGyCfCSrJlU3iuiAu9kKsTSJjRxYkE+UJMfEd1+kiOxLI3g/95/Vh611ZCgyiWJMDzh7yYQRnCWXLQpZxgySZKIMyp+ivEI8QRlirfogrBXF55VXRqVdOomg+XpfptHkcBnIIzUAYmuAJ1cAeaoA0weAav4ANMtRftXfvUvuata1o+cwL+lPb9A7H7pqU=</latexit><latexit sha1_base64="cC6wT8ajft8H1yQ14lpbQ5AJlyc=">AAACLHicbZDLSsNAFIYnXmu9RV26GSxCXbQkRdCNUOzGhYsKvUEbwmQyaYdOLsxMhBLi+7jxVQRxYRG3PofTNEhtPTDwz/efw8z5nYhRIQ1jqq2tb2xubRd2irt7+weH+tFxR4Qxx6SNQxbynoMEYTQgbUklI72IE+Q7jHSdcWPmdx8JFzQMWnISEctHw4B6FCOpkK03Wva4PJCUuSS5Ty/gDaz93p5adjKumOmiX4EZrC1CWy8ZVSMruCrMXJRAXk1bfxu4IY59EkjMkBB904iklSAuKWYkLQ5iQSKEx2hI+koGyCfCSrJlU3iuiAu9kKsTSJjRxYkE+UJMfEd1+kiOxLI3g/95/Vh611ZCgyiWJMDzh7yYQRnCWXLQpZxgySZKIMyp+ivEI8QRlirfogrBXF55VXRqVdOomg+XpfptHkcBnIIzUAYmuAJ1cAeaoA0weAav4ANMtRftXfvUvuata1o+cwL+lPb9A7H7pqU=</latexit>

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

Defferrard et al., “Convolutional neural networks on graphs with fast localized spectral filtering,” NIPS, 2016.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

K = 1
<latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit>

✓0I + ✓1(L̃� I)
<latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

K = 1
<latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit>

✓0I + ✓1(L̃� I)
<latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit>

= ✓0I � ✓1(D
� 1

2WD� 1
2 )

<latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit>

(localisation within 1-hop neighbourhood)

�N�1 ⇡ 2
<latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

K = 1
<latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit>

✓0I + ✓1(L̃� I)
<latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit>

= ✓0I � ✓1(D
� 1

2WD� 1
2 )

<latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit>

(localisation within 1-hop neighbourhood)

�N�1 ⇡ 2
<latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

K = 1
<latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit>

✓0I + ✓1(L̃� I)
<latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit>

= ✓0I � ✓1(D
� 1

2WD� 1
2 )

<latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit>

(localisation within 1-hop neighbourhood)

�N�1 ⇡ 2
<latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

↵ = ✓0 = �✓1
<latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit><latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit><latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit><latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit>

= ↵(I +D� 1
2WD� 1

2 )
<latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit><latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit><latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit><latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit>

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

K = 1
<latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit>

✓0I + ✓1(L̃� I)
<latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit>

= ✓0I � ✓1(D
� 1

2WD� 1
2 )

<latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit>

(localisation within 1-hop neighbourhood)

�N�1 ⇡ 2
<latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation

↵ = ✓0 = �✓1
<latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit><latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit><latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit><latexit sha1_base64="z1+6KcwV44f31YA3sXmHETGw3Hk=">AAACBnicbZC7SgNBFIZn4y3GW9RShMEg2Bh2RdBGCNpYRjAXSJbl7GQ2O2T2wsxZIYRUNr6KjYUitj6DnW/jJNlCE38Y+PjPOZw5v59KodG2v63C0vLK6lpxvbSxubW9U97da+okU4w3WCIT1fZBcyli3kCBkrdTxSHyJW/5g5tJvfXAlRZJfI/DlLsR9GMRCAZoLK982AWZhkCvaBdDjuDZBk9zdrxyxa7aU9FFcHKokFx1r/zV7SUsi3iMTILWHcdO0R2BQsEkH5e6meYpsAH0ecdgDBHX7mh6xpgeG6dHg0SZFyOdur8nRhBpPYx80xkBhnq+NjH/q3UyDC7dkYjTDHnMZouCTFJM6CQT2hOKM5RDA8CUMH+lLAQFDE1yJROCM3/yIjTPqo5dde7OK7XrPI4iOSBH5IQ45ILUyC2pkwZh5JE8k1fyZj1ZL9a79TFrLVj5zD75I+vzB7bcl1k=</latexit>

= ↵(I +D� 1
2WD� 1

2 )
<latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit><latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit><latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit><latexit sha1_base64="hXCOhLWfySA0aKtcZCA1Li2aRnc=">AAACHHicbVDLSgNBEOz1GeNr1aOXwSBExLAbBb0IQT3oLYJ5QDaG2clsMmT2wcysEJb9EC/+ihcPinjxIPg3TpI9aGJBQ1HVTXeXG3EmlWV9G3PzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cDnyGw9USBYGd2oY0baPewHzGMFKSx3zGJ0jB/Ooj1HxBh2iq/vkyPEEJomdJuU0RY0Z6aBjFqySNQaaJXZGCpCh2jE/nW5IYp8GinAsZcu2ItVOsFCMcJrmnVjSCJMB7tGWpgH2qWwn4+dStK+VLvJCoStQaKz+nkiwL+XQd3Wnj1VfTnsj8T+vFSvvrJ2wIIoVDchkkRdzpEI0Sgp1maBE8aEmmAimb0Wkj3UOSueZ1yHY0y/Pknq5ZFsl+/akULnI4sjBLuxBEWw4hQpcQxVqQOARnuEV3own48V4Nz4mrXNGNrMDf2B8/QDWd59o</latexit>

renormalisation

= ↵(D̃� 1
2 W̃ D̃� 1

2 )
<latexit sha1_base64="3pvdZoUrPot58naWsPOoNDsg3t8=">AAACMHicbVDLSsNAFJ3UV62vqEs3g0WoC0tSBN0IRQVdVrAPaGKZTCbt0MkkzEyEEvJJbvwU3Sgo4tavcNoG0dYDA4dzzuXOPV7MqFSW9WoUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3gx9tv3REga8Vs1iokboj6nAcVIaalnXsEz6CAWDxCsOIoyn6SX2V165AQC4dTO0lqWwdxo/7C5yGHPLFtVawI4T+yclEGORs98cvwIJyHhCjMkZde2YuWmSCiKGclKTiJJjPAQ9UlXU45CIt10cnAGD7TiwyAS+nEFJ+rviRSFUo5CTydDpAZy1huL/3ndRAWnbkp5nCjC8XRRkDCoIjhuD/pUEKzYSBOEBdV/hXiAdA9Kd1zSJdizJ8+TVq1qW1X75rhcP8/rKII9sA8qwAYnoA6uQQM0AQYP4Bm8gXfj0XgxPozPabRg5DO74A+Mr28bV6mu</latexit><latexit sha1_base64="3pvdZoUrPot58naWsPOoNDsg3t8=">AAACMHicbVDLSsNAFJ3UV62vqEs3g0WoC0tSBN0IRQVdVrAPaGKZTCbt0MkkzEyEEvJJbvwU3Sgo4tavcNoG0dYDA4dzzuXOPV7MqFSW9WoUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3gx9tv3REga8Vs1iokboj6nAcVIaalnXsEz6CAWDxCsOIoyn6SX2V165AQC4dTO0lqWwdxo/7C5yGHPLFtVawI4T+yclEGORs98cvwIJyHhCjMkZde2YuWmSCiKGclKTiJJjPAQ9UlXU45CIt10cnAGD7TiwyAS+nEFJ+rviRSFUo5CTydDpAZy1huL/3ndRAWnbkp5nCjC8XRRkDCoIjhuD/pUEKzYSBOEBdV/hXiAdA9Kd1zSJdizJ8+TVq1qW1X75rhcP8/rKII9sA8qwAYnoA6uQQM0AQYP4Bm8gXfj0XgxPozPabRg5DO74A+Mr28bV6mu</latexit><latexit sha1_base64="3pvdZoUrPot58naWsPOoNDsg3t8=">AAACMHicbVDLSsNAFJ3UV62vqEs3g0WoC0tSBN0IRQVdVrAPaGKZTCbt0MkkzEyEEvJJbvwU3Sgo4tavcNoG0dYDA4dzzuXOPV7MqFSW9WoUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3gx9tv3REga8Vs1iokboj6nAcVIaalnXsEz6CAWDxCsOIoyn6SX2V165AQC4dTO0lqWwdxo/7C5yGHPLFtVawI4T+yclEGORs98cvwIJyHhCjMkZde2YuWmSCiKGclKTiJJjPAQ9UlXU45CIt10cnAGD7TiwyAS+nEFJ+rviRSFUo5CTydDpAZy1huL/3ndRAWnbkp5nCjC8XRRkDCoIjhuD/pUEKzYSBOEBdV/hXiAdA9Kd1zSJdizJ8+TVq1qW1X75rhcP8/rKII9sA8qwAYnoA6uQQM0AQYP4Bm8gXfj0XgxPozPabRg5DO74A+Mr28bV6mu</latexit><latexit sha1_base64="3pvdZoUrPot58naWsPOoNDsg3t8=">AAACMHicbVDLSsNAFJ3UV62vqEs3g0WoC0tSBN0IRQVdVrAPaGKZTCbt0MkkzEyEEvJJbvwU3Sgo4tavcNoG0dYDA4dzzuXOPV7MqFSW9WoUFhaXlleKq6W19Y3NLXN7pyWjRGDSxBGLRMdDkjDKSVNRxUgnFgSFHiNtb3gx9tv3REga8Vs1iokboj6nAcVIaalnXsEz6CAWDxCsOIoyn6SX2V165AQC4dTO0lqWwdxo/7C5yGHPLFtVawI4T+yclEGORs98cvwIJyHhCjMkZde2YuWmSCiKGclKTiJJjPAQ9UlXU45CIt10cnAGD7TiwyAS+nEFJ+rviRSFUo5CTydDpAZy1huL/3ndRAWnbkp5nCjC8XRRkDCoIjhuD/pUEKzYSBOEBdV/hXiAdA9Kd1zSJdizJ8+TVq1qW1X75rhcP8/rKII9sA8qwAYnoA6uQQM0AQYP4Bm8gXfj0XgxPozPabRg5DO74A+Mr28bV6mu</latexit>

ĝ✓(L) =
KX

j=0

✓jTj(L̃)

<latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit><latexit sha1_base64="cMDcux9DvSHTZQyqMJNgArWz8tc="></latexit>

K = 1
<latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit><latexit sha1_base64="kzroWIBi/ZMsur+Ert9ReNvWIjY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9CJ4qWg/oA1ls920SzebsDsRSuhP8OJBEa/+Im/+G7dtDtr6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+q0nro2I1SOOE+5HdKBEKBhFKz3cXXm9csWtujOQZeLlpAI56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPZqdOyIlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG89DOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynZELzFl5dJ86zquVXv/rxSu87jKMIRHMMpeHABNbiFOjSAwQCe4RXeHOm8OO/Ox7y14OQzh/AHzucPk2mNUQ==</latexit>

✓0I + ✓1(L̃� I)
<latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit><latexit sha1_base64="GPSuwH6M3+HzVAGVfaeMtDk3wVE=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxDIjgi6Lbiy4qGAf0Cklk962oZkHyR2hDP0AN/6KGxeKuPUD3Pk3pu0stPVA4OScc0nu8SIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PCG1xO/8QBKizC4x1EEbZ/1A9ETnKGROvmCiwNA1rFphZ7Q9OLQootCdiG5HZ9Wjk3KLtlT0EXipKRAUlQ7+S+3G/LYhwC5ZFq3HDvCdsIUCi5hnHNjDRHjQ9aHlqEB80G3k+kyY3pklC7thcqcAOlU/T2RMF/rke+ZpM9woOe9ifif14qxd9lORBDFCAGfPdSLJcWQTpqhXaGAoxwZwrgS5q+UD5hiHE1/OVOCM7/yIqmflRy75NydF8pXaR1ZckAOSZE45IKUyQ2pkhrh5JE8k1fyZj1ZL9a79TGLZqx0Zp/8gfX5A6/0mXk=</latexit>

= ✓0I � ✓1(D
� 1

2WD� 1
2 )

<latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit><latexit sha1_base64="cWZ+a/XE0bjn9PNMQrbeJYNxEGE=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLURctMEXSjFHWhuwr2AZ2xZNJMG5p5kNwRyjB/48ZfcSOoiC79E9OHoK0HLpyccy+597iR4ApM89PILCwuLa9kV3Nr6xubW/ntnYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uBi5DfvmVQ8DG5hGDHHJ72Ae5wS0FInf4ZPsQ19BqRj4mtc+nlYuHh5l5RsTxKaWGlSSVPcxLPSYSdfMMvmGHieWFNSQFPUOvkXuxvS2GcBUEGUaltmBE5CJHAqWJqzY8UiQgekx9qaBsRnyknGd6b4QCtd7IVSVwB4rP6eSIiv1NB3dadPoK9mvZH4n9eOwTtxEh5EMbCATj7yYoEhxKPQcJdLRkEMNSFUcr0rpn2icwAdbU6HYM2ePE8albJllq2bo0L1fBpHFu2hfVREFjpGVXSFaqiOKHpAT+gVvRmPxrPxbnxMWjPGdGYX/YHx9Q3wdKOZ</latexit>

(localisation within 1-hop neighbourhood)

�N�1 ⇡ 2
<latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit><latexit sha1_base64="g9pWBUdl3cjDQWyMTX1lEM/s+n8=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSIuiy6MaVVLAPaEKYTCbt0MlMmJmIJWTjr7hxoYhbP8Odf+O0zUJbDwwczjmXO/eEKaNKO863tbS8srq2Xtmobm5t7+zae/sdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2IceM+EIBfntmVtAD6WpFI+wEdg1p+5MAReJW5IaKNEK7C8vEjhLCNeYIaX6rpNqP0dSU8xIUfUyRVKER2hA+oZylBDl59MDCnhilAjGQprHNZyqvydylCg1TkKTTJAeqnlvIv7n9TMdX/o55WmmCcezRXHGoBZw0gaMqCRYs7EhCEtq/grxEEmEtemsakpw509eJJ1G3XXq7t15rXlV1lEBR+AYnAIXXIAmuAEt0AYYFOAZvII368l6sd6tj1l0ySpnDsAfWJ8/kPmVuQ==</latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation: too simple?

ĝ↵(L) = ↵(I +D� 1
2WD� 1

2 )
<latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation: too simple?

yi = ↵fi + ↵
1p
di

X

j:(i,j)2E

wij
1p
dj

fj
<latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit><latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit><latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit><latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit>

vi
<latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit>

ĝ↵(L) = ↵(I +D� 1
2WD� 1

2 )
<latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

simplified Chebyshev approximation: too simple?

yi = ↵fi + ↵
1p
di

X

j:(i,j)2E

wij
1p
dj

fj
<latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit><latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit><latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit><latexit sha1_base64="CG38X4WOazUxCyX065D4MaABytk="></latexit>

yi = ↵fi +
1

4
↵

X

j:(i,j)2E

fj
<latexit sha1_base64="cI6J4yHUhD1dhLXXpbBpL5gANag="></latexit><latexit sha1_base64="cI6J4yHUhD1dhLXXpbBpL5gANag="></latexit><latexit sha1_base64="cI6J4yHUhD1dhLXXpbBpL5gANag="></latexit><latexit sha1_base64="cI6J4yHUhD1dhLXXpbBpL5gANag="></latexit>

vi
<latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit><latexit sha1_base64="SZgEewXqPKGPrjDdSUmH9iyx/Q8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J4US+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2M7+Z+e8K1EbF6wmnC/YgOlQgFo2ilx0lf9MsVt+ouQNaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyWamXGp5QNqZD3rVU0YgbP1ucOiMXVhmQMNa2FJKF+nsio5Ex0yiwnRHFkVn15uJ/XjfF8MbPhEpS5IotF4WpJBiT+d9kIDRnKKeWUKaFvZWwEdWUoU2nZEPwVl9eJ62rqudWvYfrSv02j6MIZ3AOl+BBDepwDw1oAoMhPMMrvDnSeXHenY9la8HJZ07hD5zPH12EjdY=</latexit>

↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

1

4
↵

<latexit sha1_base64="2Wk9cMuQ9ahrole00FAY/GbxEsY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CRbBU0lE0GPRi8cK9gPaUCbbTbt0swm7G6XE/BQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nW/rdLa+sbmVnm7srO7t39gVw/bKk4loS0S81h2A1SUM0FbmmlOu4mkGAWcdoLJzczvPFCpWCzu9TShfoQjwUJGUBtpYFf7oUSSeXl2kfeRJ2Mc2DW37s7hrBKvIDUo0BzYX/1hTNKICk04KtXz3ET7GUrNCKd5pZ8qmiCZ4Ij2DBUYUeVn89Nz59QoQyeMpSmhnbn6eyLDSKlpFJjOCPVYLXsz8T+vl+rwys+YSFJNBVksClPu6NiZ5eAMmaRE86khSCQztzpkjCYLbdKqmBC85ZdXSfu87rl17+6i1rgu4ijDMZzAGXhwCQ24hSa0gMAjPMMrvFlP1ov1bn0sWktWMXMEf2B9/gBOqJQE</latexit><latexit sha1_base64="2Wk9cMuQ9ahrole00FAY/GbxEsY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CRbBU0lE0GPRi8cK9gPaUCbbTbt0swm7G6XE/BQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nW/rdLa+sbmVnm7srO7t39gVw/bKk4loS0S81h2A1SUM0FbmmlOu4mkGAWcdoLJzczvPFCpWCzu9TShfoQjwUJGUBtpYFf7oUSSeXl2kfeRJ2Mc2DW37s7hrBKvIDUo0BzYX/1hTNKICk04KtXz3ET7GUrNCKd5pZ8qmiCZ4Ij2DBUYUeVn89Nz59QoQyeMpSmhnbn6eyLDSKlpFJjOCPVYLXsz8T+vl+rwys+YSFJNBVksClPu6NiZ5eAMmaRE86khSCQztzpkjCYLbdKqmBC85ZdXSfu87rl17+6i1rgu4ijDMZzAGXhwCQ24hSa0gMAjPMMrvFlP1ov1bn0sWktWMXMEf2B9/gBOqJQE</latexit><latexit sha1_base64="2Wk9cMuQ9ahrole00FAY/GbxEsY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CRbBU0lE0GPRi8cK9gPaUCbbTbt0swm7G6XE/BQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nW/rdLa+sbmVnm7srO7t39gVw/bKk4loS0S81h2A1SUM0FbmmlOu4mkGAWcdoLJzczvPFCpWCzu9TShfoQjwUJGUBtpYFf7oUSSeXl2kfeRJ2Mc2DW37s7hrBKvIDUo0BzYX/1hTNKICk04KtXz3ET7GUrNCKd5pZ8qmiCZ4Ij2DBUYUeVn89Nz59QoQyeMpSmhnbn6eyLDSKlpFJjOCPVYLXsz8T+vl+rwys+YSFJNBVksClPu6NiZ5eAMmaRE86khSCQztzpkjCYLbdKqmBC85ZdXSfu87rl17+6i1rgu4ijDMZzAGXhwCQ24hSa0gMAjPMMrvFlP1ov1bn0sWktWMXMEf2B9/gBOqJQE</latexit><latexit sha1_base64="2Wk9cMuQ9ahrole00FAY/GbxEsY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16CRbBU0lE0GPRi8cK9gPaUCbbTbt0swm7G6XE/BQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nW/rdLa+sbmVnm7srO7t39gVw/bKk4loS0S81h2A1SUM0FbmmlOu4mkGAWcdoLJzczvPFCpWCzu9TShfoQjwUJGUBtpYFf7oUSSeXl2kfeRJ2Mc2DW37s7hrBKvIDUo0BzYX/1hTNKICk04KtXz3ET7GUrNCKd5pZ8qmiCZ4Ij2DBUYUeVn89Nz59QoQyeMpSmhnbn6eyLDSKlpFJjOCPVYLXsz8T+vl+rwys+YSFJNBVksClPu6NiZ5eAMmaRE86khSCQztzpkjCYLbdKqmBC85ZdXSfu87rl17+6i1rgu4ijDMZzAGXhwCQ24hSa0gMAjPMMrvFlP1ov1bn0sWktWMXMEf2B9/gBOqJQE</latexit>

unitary edge weights

ĝ↵(L) = ↵(I +D� 1
2WD� 1

2 )
<latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit><latexit sha1_base64="vYb5iOi5hPkE1JqT7bTuhF9umCo="></latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

• …but can be implemented in the spatial (vertex) domain

y = ĝ✓(L)f =
KX

j=0

✓jTj(L̃)f

<latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit><latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit><latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit><latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit>
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
<latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit><latexit sha1_base64="XUQ0G9pyTEGdXk3B2Vo6RsbdmBU=">AAACJHicbVDLSgMxFM3Ud31VXboJFqFuyowICiIU3bhwUaEv6NRyJ820oZkHyR2hDP0YN/6KGxc+cOHGbzFtZ6HVA4GTc+69yT1eLIVG2/60cguLS8srq2v59Y3Nre3Czm5DR4livM4iGamWB5pLEfI6CpS8FSsOgSd50xteTfzmPVdaRGENRzHvBNAPhS8YoJG6hXOfuqCR9im9oC4bCOoOANP+uOTemCk9OJqqdzXqTwoy7+bIXGm3ULTL9hT0L3EyUiQZqt3Cm9uLWBLwEJkErduOHWMnBYWCST7Ou4nmMbAh9Hnb0BACrjvpdMkxPTRKj/qRMidEOlV/dqQQaD0KPFMZAA70vDcR//PaCfpnnVSEcYI8ZLOH/ERSjOgkMdoTijOUI0OAKWH+StkAFDA0ueZNCM78yn9J47js2GXn9qRYucziWCX75ICUiENOSYVckyqpE0YeyBN5Ia/Wo/VsvVsfs9KclfXskV+wvr4BgVKhnQ==</latexit>

• …but can be implemented in the spatial (vertex) domain

y = ĝ✓(L)f =
KX

j=0

✓jTj(L̃)f

<latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit><latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit><latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit><latexit sha1_base64="l7K05UMdJ07J8e4QEvlpxQo4J0o="></latexit>

simple averaging in Kipf 
and Welling 2017
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f ⇤ g = �ĝ(⇤)�T f = ĝ(L)f
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⇣
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Graph convolutional networks (GCN)
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• Forward pass: ĝ✓(k+1)(L)
⇣
ReLU(ĝ✓(k)(L)f)
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ReLU(ĝ✓(k)(L)f)

⌘

<latexit sha1_base64="E7HqzDTs8tZsVYby985pqHvBPow="></latexit><latexit sha1_base64="E7HqzDTs8tZsVYby985pqHvBPow="></latexit><latexit sha1_base64="E7HqzDTs8tZsVYby985pqHvBPow="></latexit><latexit sha1_base64="E7HqzDTs8tZsVYby985pqHvBPow="></latexit>

Kipf and Welling, “Semi-supervised classification with graph convolutional networks,” ICLR, 2017.



/56

Graph neural networks (GNNs)
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2005 201720172009

GNN
Gori et al.

2017 20192018 2019

Spectral CNN
Bruna et al.

2015

ChebNet
Defferrard et al.

Li et al.

2016

TIGraNet

GCN
Kipf et al.

GNN
Scarselli et al.

2016

PATCHY-SAN
Niepert et al.

2016 20192017 2020

Gated-GNN

Khasanove et al.

GraphSAGE
Hamilton at al.

Monti et al.
MoNet

GAT
Velickovic at al.

SGN
Wu et al.

CapsGNN
Xinyi at al.

Xu at al.

DGM
Kazi et al.

GIN

spatial-based methods (message-passing, attention) 
spectral-based methods (spectral filtering)

Balcilar et al., “Bridging the gap between spectral and spatial domains in graph neural networks,” arXiv, 2020.
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Outline

 49

• Graph signal processing (GSP): Basic concepts

• Graph spectral filtering: Basic tool of GSP

• Graph neural networks (GNNs)

• Applications
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Application I: Community detection

 50

spectral graph wavelets 
at different scales:

small scale large scale

Hammond et al., “Wavelets on graphs via spectral graph theory,” Applied and Computational Harmonic Analysis, 2011. 
Tremblay and Borgnat, “Graph wavelets for multiscale community mining,” IEEE TSP, 2014.
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multi-scale community 
detection:
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Application II: Recommender systems

 51Monti et al., “Geometric matrix completion with recurrent multi-graph neural networks,” NIPS, 2017.
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Application III: Functional brain imaging

 52Huang et al., “A graph signal processing perspective on functional brain imaging,” Proceedings of the IEEE, 2018.
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Application IV: Disease classification

 53Parisot et al., “Disease prediction using graph convolutional networks,” Medical Image Analysis, 2018.
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Application V: Protein-protein interaction

 54Gainza et al., “Deciphering interaction fingerprints from protein molecular surfaces using geometric deep learning,” Nature Methods, 2020.
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What’s next?
• Mathematical models for graph-structured data 

- global and local smoothness & regularity 
- underlying physical processes 

• Robustness & generalisation analysis 
- how robust is the model to topological change 
- how can the trained model be generalised to unseen graph 

• Probabilistic interpretation 
- connection to Bayesian inference 
- Gaussian processes on graphs 

• Learning graphs form data 
- dynamic graph construction 
- graph generative models 

• Fast implementation

 55
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Papers & Resources

 56

- http://www.robots.ox.ac.uk/~xdong/resource.html 
- https://towardsdatascience.com/graph-deep-learning/home 
- https://graphml.substack.com

http://www.robots.ox.ac.uk/~xdong/resource.html
https://towardsdatascience.com/graph-deep-learning/home
https://graphml.substack.com

