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Question:
How to design machine learning models to learn the universal structural 

patterns across networks? 



Pre-training and Fine-tuning
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Graph Learning
GCC



Problem
GNN pre-training problem.



The GNN Pre-Training Problem

• Problem:
• Learn a function 𝑓 that maps a vertex to a low-dimensional vector
• Structural similarity: map vertices with similar local network topologies 

close in the vector space
• Transferability: compatible with vertices and graphs from various 

sources, even unseen during training time.



GCC Framework
Graph Contrastive Coding



Graph Contrastive Coding (GCC)

GCC: Graph Contrastive Coding
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Hypothesis:
Graph structural patterns are universal and transferable across networks.



GCC Pre-training

• Pre-training Task: Instance Discrimination
• InfoNCE Loss: output instance representations that are capable 

of capturing the similarities between instances

• Contrastive learning for graphs?
• Q1: How to define instances in graphs?
• Q2: How to define (dis) similar instance pairs?
• Q3: What are the proper encoders? 

• query instance 𝑥!
• query 𝒒 (embedding of 𝑥!), i.e., 𝒒 = 𝑓(𝑥!)
• dictionary of keys 𝒌", 𝒌#, ⋯ , 𝒌$
• key 𝒌 = 𝑓(𝑥%)



GCC Pre-training

• Q1: How to define instances in graphs?
• Q2: How to define (dis) similar instance?
• Q3: What are the proper encoders? 



GCC Pre-training: Learning Algorithms

• Optimizing Contrastive Loss
• Encoded query 𝒒
• 𝐾 + 1 encoded keys 𝒌*, ⋯ , 𝒌+

End-to-end
(E2E)

Momentum Contrast
(MoCo)

figure credit:
Momentum Contrast for Unsupervised Visual Representation Learning
arxiv.org/abs/1911.05722



GCC Fine-tuning
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GCC Fine-tuning: Full v.s. Freezing

Full fine-tuning Freezing fine-tuning
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Experiments



GCC Pre-Training / Fine-tuning

• Six real-world information networks for pre-training.

• Fine-tuning Tasks:
• Node classification
• Graph classification
• Top-k Similarity search
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GCC: Graph Contrastive Coding
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Task 1: Node Classification

• Setup
• US-Airport 
• AMiner academic graph
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Task 2: Graph Classification

• Setup
• COLLAB, RDT-B, RDT-M, & IMDB-B, IMDB-M
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Task 3: Top-k Similarity Search

• Setup
• AMiner academic graph
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Conclusion

GCC: Graph Contrastive Coding
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• We study the pre-training of GNN with the goal of characterizing and transferring 
structural representations in social and information networks. 

• We present Graph Contrastive Coding, which is a graph-based contrastive learning 
framework to pre-train GNN. 

• The pre-trained GNN achieves competitive performance to its supervised trained-from-
scratch counterparts in 3 graph learning tasks on 10 graph datasets.



Thanks.
Q&A
https://github.com/THUDM/GCC

https://github.com/THUDM/GCC


Find us at KDD 2020
https://github.com/THUDM/GCC

https://github.com/THUDM/GCC

