
Graph Data and Graph 
Representation

Neural Networks Design And Application
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Correlation between data
Q: is there correlation between:
1. locations?
2. channels?

Regard feature maps as a grid

Pixel values or feature values
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Correlation between data
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Correlation between data

Cat or dog?

Q: is there correlation between images?
No
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Correlation between data

The FBI is FBI is chasings

Sequence data
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Correlation between data

The FBI is FBI is chasings

Sequence data Q: what if we need more complicated correlation?
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Correlation between data
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undirected graph
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Correlation between data
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undirected graph

node
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Correlation between data
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Machine learning tasks for graph data

• Node level
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• Graph level
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Nodes densely connected
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Machine learning tasks for graph data

• Node level

• Edge level

• Community level

• Graph level

Image credit http://web.stanford.edu/class/cs224w/slides/01-intro.pdf 

classification
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Social network

Nodes: users
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Social network
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Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

FB: add friend

44

https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/


Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

LinkedIn: connect
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Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

Amazon: same purchase
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Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

Node classification:
Group nodes by their properties
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Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

Edge classification:
Predict whether there are missing links 
between two nodes
e.g., friend recommendation
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Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

Community detection:
Discover and group nodes tightly 
connected
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Social network

Nodes: users

Edges: interactions

Image credit https://prdeepakbabu.wordpress.com/2012/10/06/social-network-analytics-visualization/ 

Graph classification:
Categorize different graphs
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Social network
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Machine learning tasks for graph data

Graph data:
Nodes
Edges 
Communities
Graphs 

Consider correlations

Q: how to learn node features? How to consider the correlation in graph?

node feature
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Node degree
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Node degree

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

We can compute degree for each node
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Adjacency matrix
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Adjacency matrix
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Adjacency matrix
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Adjacency matrix
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Adjacency matrix

Q: What do entries on diagonal stand for? 85



Adjacency matrix

86



Adjacency matrix
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Adjacency matrix

Symmetric 
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Encoder-decoder for graph data
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Encoder-decoder for graph data

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

Q: can we learn node features with the correlation in the adjacency matrix?
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Encoder-decoder for graph data
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Encoder-decoder for graph data

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

𝑢 = 𝑘1, 𝑣 = 𝑘2
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Encoder-decoder for graph data

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

𝑢 = 𝑘1, 𝑣 = 𝑘2 Q: how to learn ENC?
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Encoder-decoder for graph data
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Q: how to learn ENC?
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Encoder-decoder for graph data
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Q: how to learn ENC?
Linear transformation

One-hot labels
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Encoder-decoder for graph data
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Q: how to learn ENC?
Linear transformation

Each node
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Encoder-decoder for graph data
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Linear transformation

Each node
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Encoder-decoder for graph data
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Q: how to learn ENC?
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Q: how to learn ENC?
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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
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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
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Graph neural networks

Q: can we use convolution operation on graph?

Graph convolutional neural networks
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