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Outline
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Graphs are a general language for modeling 
entities with relations
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Machine Learning on Graphs

Citation graphsE-commerce graphs Transportation graphs

Molecule graphs, code graphs, scene graphs, and many more …

(Image Credit: www.visitlondon.com)
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GNNs: a family of neural-network-based 
models for machine learning on graphs
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Graph Neural Networks

(Hamilton, W. L., Ying, R., & Leskovec, J. 2017)

Message passing 
Each node aggregates messages 
from its neighbors and 
recursively extends to multi-hop 
neighbors

Node A with neighbors N A  
aggregates messages at step ":
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Derrow-Pinion, Austin, et al. "ETA prediction with graph neural networks in 
google maps." CIKM. 2021.
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GNNs for Google Map ETA Prediction
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• Link Prediction: Recommend items to users
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GNNs for Link Prediction

GNNs

GNN achieve SOTA link 
prediction/recommendatio
n results (Mao et al. CIKM 
2021).

Traditional models 
(matrix factorization 
& shallow embedding)

Computer 
Accessories

Electronics
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• Many start-of-the-art AI models are black boxes.
• Explainability helps to increase user satisfaction

and improve model design.
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Model Explainability

Explain
Data

Accurate Prediction

Model
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A Real Amazon Recommendation

Query

Recommendation without explanation Recommendation with explanation



9

• Data: Heterogeneous graphs.
• Model: GNNs for link prediction.
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GNN Explainability

Computer 
Accessories

Electronics

Heterogeneous Graph
(users, items, and attributes)
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Accurate Link Prediction
(Recommendation)

GNN Explain ???

• Explanation: Why recommend an item to a 
user? (Why predict a user-item link?)
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• Natural human-interpretable explanations boil 
down to paths.
• Paths form a much smaller search space 

compared to general subgraphs.
• Define explanations as concise and informative 

paths that are influential to the prediction.
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Main Idea: Paths As Explanations

Computer 
Accessories

Electronics

Computer 
Accessories

Electronics

Computer 
Accessories

Electronics
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• Challenges for finding good paths.
• Many path candidates.
• Criterion for selecting good paths.

• Learn an edge mask to select meaningful edges.
• Edges form short paths with low-degree nodes.

• Edges maximize the mutual information.

• Pruning: more informative paths and efficiency.
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PaGE-Link: Path-Enforcing Mask
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• ROC-AUC: 9%-35% improvement over baselines.
• Concise paths without generic nodes.
• Human evaluation: 78.79% responses selected 

our method as the best compared to baselines.
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Experiments
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Generate datasets new evaluation
• Create a new edge !−" if they are connected 

by a concise and informative path #

• Use # as the ground truth for evaluating the 
prediction of !, "
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Experiments: Dataset Generation

Citation
 graph

User-item 
graph
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Experiments: Visualization
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• Paths form a much smaller search space

• Asymptotic normality of the k-core

Zhang, Shichang, et al. “PaGE-Link: Path-based Graph Neural Network Explanation for Heterogeneous Link Prediction” WWW 2023

Proposition and Theorems


