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Previously: functional maps, 
CNN for 3D representations
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3D representations

Multi-view Volumetric Point cloud



Today: CNN for graphs and 
meshes
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What about non-Euclidean domains?

3D shape graph General graphs



• Effective in encoding fine details
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Mesh representation



• Natural for describing intrinsic similarity
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Mesh representation
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Applications on shapes
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Graph representation
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Application on graphs

Recommendatio
n systems Fake news detectionLabeling



• Domain structure vs. Data on a domain
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Challenges
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Challenges

• Fixed vs different domain
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Challenges

• Known vs unknown graph
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Global tasks
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Vertex-wise tasks



16

Different formulations of non-Euclidean CNNs
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Key properties of CNN
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Spectral methods: Laplacian is key
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Going non-Euclidean: Laplacian is key
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Going non-Euclidean: Laplacian is key
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Fourier analysis on Euclidean spaces
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Fourier analysis on Euclidean spaces
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Fourier analysis on graphs and manifolds
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Convolution: Euclidean space
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Convolution: Euclidean space
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Convolution: Euclidean space
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Convolution: Euclidean space
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Convolution: Euclidean space
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Spectral convolution
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Spectral convolution
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Spectral convolution
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Spectral convolution
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Spectral CNN
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Spectral CNN

Great! Are we done?
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Spectral CNN
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Localization and smoothness
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Localization and smoothness
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Localization and smoothness
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Spectral gCNN with polynomial filters (ChebNet)
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Spectral gCNN with polynomial filters (ChebNet)
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Example: citation networks
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Basis dependence
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Filtering in different bases
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Filtering in different bases
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Filtering in different bases
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Filtering in different bases



53

Spectral transformer network



• Normal estimation
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Spectral transformer network



• Shape segmentation
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Spectral transformer network
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Spatial domain (charting-based) CNN
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Patch operators
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Patch operators



60

Patch operators
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Patch operators



62

Geodesic CNN
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Geodesic CNN
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Geodesic CNN

rotation ambiguity
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Handling rotation ambiguity via pooling
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Application: Shape matching
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Application: Shape matching
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Application: Shape matching
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Application: Shape completion
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Application: Shape completion
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Application: Shape completion



• Pooling
• Input features
• gCNN for edges
• Unknown connectivity
• …
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Many more challenges…
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Graph pooling
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Mesh pooling
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Spectral pooling



HKS
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Features

Circular Harmonics
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Dual-primal gCNN
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Unknown connectivity (Dynamic Graph CNN)
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Unknown connectivity (Dynamic Graph CNN)
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Discussion

• Spatial construction is usually more efficient but less principled

• Spectral construction is more principled but usually slow (computing 
Laplacian eigenvectors for large scale data could be painful)

• On going research tries to bridge the gap

• Generalization issue on generic graphs is still a challenge
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