
Graph Neural Networks
Neural Networks Design And Application
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Encoder-decoder for graph data

Image credit http://web.stanford.edu/class/cs224w/slides/03-nodeemb.pdf 

Q: how to learn ENC?

Learnable parameters

Q: how can we replace linear node 
embedding with nonlinear functions? 
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Graph neural networks

Q: can we use convolution operation on graph?

Graph convolutional neural networks
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Graph neural networks

Q: can we use convolution operation on graph?

Graph convolutional neural networks

Transform information at neighbors 
Combine them

Raw features (pixel values) or previous feature mapsQ: What is information?
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General graph data
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General graph data
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General graph data

Q: can we extend similar operation to general graph?
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General graph data

Q: can we extend similar operation to general graph?

Key: aggregate information from neighbors
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Node degree

Image credit http://web.stanford.edu/class/cs224w/slides/03-nodeemb.pdf 
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Adjacency matrix
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Graph networks: aggregate neighbors
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Graph networks: aggregate neighbors
Nearest neighbors of A?
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Graph networks: aggregate neighbors
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Graph networks: aggregate neighbors
Nearest neighbors of C: A, B, E, F
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Graph networks: aggregate neighbors
Nearest neighbors of D?
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Graph networks: aggregate neighbors
Nearest neighbors of D: A
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Graph networks: aggregate neighbors
Nearest neighbors of A:
B, C, D

29



Graph networks: aggregate neighbors
Nearest neighbors of A:
B, C, D

Q: Deeper structure?

30



Graph networks: aggregate neighbors
Nearest neighbors of A:
B, C, D

Q: Deeper structure?

31



Graph networks: aggregate neighbors
Nearest neighbors of A:
B, C, D

Q: Deeper structure?

32



Graph networks: aggregate neighbors
Nearest neighbors of A:
B, C, D

Q: Deeper structure?

Nearest neighbors

33
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Graph networks: aggregate neighbors
Nearest neighbors of A:
B, C, D

Q: Deeper structure?

Nearest neighbors

Two hops away

Raw feature:
Node embeddings

35



Encoder-decoder for graph data

Image credit http://web.stanford.edu/class/cs224w/slides/03-nodeemb.pdf 

Q: how to learn ENC?
Linear transformation

Each node
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Encoder-decoder for graph data

Image credit http://web.stanford.edu/class/cs224w/slides/03-nodeemb.pdf 

Q: how to learn ENC?
Linear transformation

Each node

Other embedding methods:
random walk embedding
node2vec 
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Graph networks: aggregate neighbors
A
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Graph networks: aggregate neighbors
A B

40



Graph networks: aggregate neighbors
A B C
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Graph networks: aggregate neighbors
A B C

D E F
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Graph networks: aggregate neighbors

Grid graph
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Graph networks: aggregate neighbors

Grid graph General graph
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Graph networks: aggregate neighbors
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Graph networks: aggregate neighbors

?

?

?

?
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Graph networks: aggregate neighbors

?

?

?

?

Q: what can we do in the box to aggregate information?
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Graph networks: aggregate neighbors

?

?

?

?

Q: what can we do in the box to aggregate information?
Average/summation?
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Graph networks: aggregate neighbors

?

?

?

?

Q: what can we do in the box to aggregate information?
Average/summation → linear model
A neural network nonlinear layer? 50



Graph networks: aggregate neighbors
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Graph networks: aggregate neighbors

Node 𝑣

Some layer 𝑙

𝑢: nearest neighbors

Output of 
nonlinear function
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Graph networks: aggregate neighbors

Node 𝑣

Some layer 𝑙

𝑢: nearest neighbors

Output of 
nonlinear function
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Graph networks: aggregate neighbors

GraphSAGE
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Graph networks: aggregate neighbors

GraphSAGE

Q: why GraphSAGE can be more general? 66



Graph networks: aggregate neighbors
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Graph networks: aggregate neighbors

Suppose: we have 5d node features
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Graph networks: aggregate neighbors
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Graph networks: aggregate neighbors
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W

X

Output feature of node A

72

avg



Graph networks: aggregate neighbors

W

X

Output feature of node A

73

avg

AGG



Graph networks: aggregate neighbors

W

X

Output feature of node A

X

74

avg

AGG



Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

75

avg

AGG



Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

76

avg

AGG



Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

77

avg

AGG



Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

78

avg

AGG



Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

GraphSAGE: more flexible
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Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

Linear model
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Graph networks: aggregate neighbors

W

X

Output feature of node A

X

Output feature of node A

Q: can we use nonlinear model?

Linear model
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Graph networks: aggregate neighbors

84



Graph networks: aggregate neighbors

Q: can we use attention mechanism? 85



Graph networks: aggregate neighbors

Q: can we use attention mechanism? Not all node’s neighbors are equally important86



Input-output correlation
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Input-output correlation
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Input-output correlation
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Graph attention networks
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Graph attention networks

Q: what stand for importance of a node?
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Graph attention networks

Node degree?
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Graph attention networks

Learnable parameters?
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢

Make use of last layer’s output

Q: what is 𝑎’s structure? Softmax function→normalized weights

http://web.stanford.edu/class/cs224w/slides/07-GNN2.pdf 
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢

Make use of last layer’s output

Q: what is 𝑎’s structure? Softmax function→normalized weights

http://web.stanford.edu/class/cs224w/slides/07-GNN2.pdf 
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢

Make use of last layer’s output

Q: what is 𝑎’s structure? Softmax function→normalized weights

http://web.stanford.edu/class/cs224w/slides/07-GNN2.pdf 
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢

Make use of last layer’s output

Q: what is 𝑎’s structure? Softmax function→normalized weights

http://web.stanford.edu/class/cs224w/slides/07-GNN2.pdf 
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢

Make use of last layer’s output

Q: what is 𝑎’s structure? Softmax function→normalized weights

http://web.stanford.edu/class/cs224w/slides/07-GNN2.pdf 
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢

Make use of last layer’s output

Q: what is 𝑎’s structure? Softmax function→normalized weights

http://web.stanford.edu/class/cs224w/slides/07-GNN2.pdf 
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Graph attention networks
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Graph attention networks

Learnable parameters?

Between 𝑣 and 𝑢
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