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Why Study Networks?

Networks include:

• Social Networks

• Web

• Molecule representation

• Knowledge graphs

• The new emerging data format in the data science market is now networks.
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Network is graph
● Network is graph in mathematical terms.

● Even recommender systems follow the same mathematical and machine learning 

methods

● Example: node classification in all personalized products
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Source: Large-scale Graph Representation,  Jure Leskovec, Stanford University

http://cs.stanford.edu/people/jure/


Graph information
● What is the information that we want to capture on the graphs?

● Birds of a feather flock together!
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● How to represent the structure of the 

nodes?

What is machine learning solution to graphs?
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Source: Large-scale Graph Representation,  Jure Leskovec, Stanford University

http://cs.stanford.edu/people/jure/


A naïve approach
● Join adjacency matrix and features

● Data is not Euclidean, so Neural Network is not able to correctly capture the 

information.

● How to represent the graph in Euclidean space (Node embedding techniques)
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Source: Large-scale Graph Representation,  Jure Leskovec, Stanford University

http://cs.stanford.edu/people/jure/


Graph Convolutional Networks (GCN)
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Source: Generalizing Convolutions for Deep Learning by Max Welling

We already discussed in GCN in the first AISC lunch and learn!

How can we apply the success of CNN on graphs?



GraphSAGE (Graph Sampling and aggregation)
● GraphSAGE has the same mathematical explanations as GCN in graph theory, 

like Spectral Graph Clustering and Weisfeiler-Lehman Algorithm.

● It is a variant of GCN

● Problem with GCN: Memory issues in large graphs, how to make GCN batchable?

● GraphSAGE (Graph Sampling and aggregation) solves this problem!
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Objective

How to reach this objective? Learning how to propagate information across thee 

graph to compute node features?
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Source: Generalizing Convolutions for Deep Learning by Max Welling



GraphSAGE
● What is the objective of GraphSAGE?

○ Assign a node representation to each node based on the adjacency and the structure of a graph 

○ It tries to assign closer values to the nodes that has more connection in the graph to one another 

(Euclidean distance)
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Benefits of GraphSAGE and its structure
● Reducing the memory footprint by making batches through sampling

● It uses multiple aggregators rather than the simple convolution in GCN

● What is the sampling method?

○ Task dependent heuristics

○ GraphSAGE applies uniform sampling and hope to extend the work on other sampling methods in 

future work.

● How to aggregate information to provide closer embeddings to more similar 

nodes?
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Aggregators
● Mean

● LSTM 

○ LSTMs operate on an unordered set by simply applying the LSTMs to a random permutation of the 

node’s neighbors

● Maxpool
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GraphSAGE algorithm components

● Embedding generation (i.e., forward propagation) algorithm

● Loss function

● backpropagation techniques , such as standard gradient descent
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GraphSAGE algorithm
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Loss function
● Rewarding the positive samples, punishing negative samples
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Q: the number of negative sample

Negative sampling is also heuristics



Back propagation
● Stochastic Gradient Descent
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5 Min Break
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Experiments
1. classifying academic papers into different subjects using the Web of Science 

citation dataset

2. classifying Reddit posts as belonging to different communities

3. classifying protein functions across various biological protein-protein interaction 

(PPI) graphs

(In all these experiments, they perform predictions on nodes that are not seen during 

training, and, in the case of the PPI dataset, we test on entirely unseen graphs 

(inductive learning)
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Results
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Summary and Takeaway
● For contextualized products and recommender systems, graph networks can be a 

useful mathematical tool.

● GraphSAGE is one of the successful approaches that has been applied for graph 

representation

● It can be applied to large graphs since it can reduce the memory foot print 

● The sampling methods can be improved based on the task
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Discussions

● What are Spectral Graph Clustering and Wiseeeiler-Lehman Algorithm? 

● Node Embedding vs GraphSAGE

● GraphSAGE can be sensitive to the content representation noisiness, as in twitter 

geolocation task, which can be attributed the uniform sampling technique. What 

about other sampling techniques?

● Possible workshop on Graph Neural Networks, your opinion?

21



Thank you
Q&A


